
Preserved cumulative semantic interference despite amnesia 
a single case study demonstrates the implicit nature of interference in both continuous and blocked cyclic picture naming 
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What is the role of implicit learning in language production? 
How can we distinguish its contributions from those of explicit 
memory? Current theoretical work is converging on a role for implicit incremental 
learning in continually adapting and maintaining the language production system (e.g. 

syntax: Chang et all, 2006; phonotactics: Dell et al, 2000; words: Oppenheim et al, 2010).  But 
because language use is memorable, it is difficult to disentangle the contributions of 
implicit learning from explicit memory in the typical undergraduate population.  
Studies of patients with hippocampal damage – and resulting explicit memory 
impairments – can therefore provide a unique window onto the processes that underlie 
purported effects of implicit learning in language (e.g. Ferreira et al, 2008). 
  
One current battleground for the implicit/explicit debate concerns the cumulative 
semantic interference effects that have been repeatedly and robustly observed in both 
continuous (e.g. Howard et al, 2006) and blocked-cyclic picture naming (Damian et al., 2001).  
For instance, one prominent account (Oppenheim et al, 2010; illustrated below) proposes that 
interference in both paradigms emerges from implicit learning in the mappings from 
semantic features to words: naming a ‘dog’ strengthens the connection to ‘dog’ from a 
shared ‘mammal’ feature, and weakens the connections to ‘bat’ and ‘whale’.  

We present a single case study of work with a man with, among other other things, 
explicit memory impairment. Thus, any well-known experimental effects that 
typically depend on explicit memory – especially processes subserved by the left 
hippocampus – should be diminished in his performance. 

The general approach 

• Continuous picture naming with feedback; desired names appeared after 
voicekey trigger or 5000ms timeout 
• 2 experiments X 48 subjects X 72 items X 1 cycle à ~7k trials, 685 errors (12.5%) 
• Any response other than the desired name was coded as an error, including 

omissions and reasonable alternatives 
• Accuracy was assessed for each item:subject (not simple name agreement) 

  

“Accuracy” during familiarization… 

… predicts errors and RTs at test 
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Familiarization doesn’t produce effortless lexical alignment;  
It can get people to use certain words, but the costs of coercion remain 

Subjects did adopt my desired names for all but 8 of their 865 
familiarization errors. Their success reveals an impressive ability to 
fast re-map from line-drawings to dispreferred words.  But coerced 
names also remained much more error–prone, even on the eighth 
attempt.  This error difference remains even if excluding those 
items that a subject failed to adopt our desired name. 

These persistent costs of coercion suggest that something a bit 
different is happening when speakers produce a coerced name.  
Maybe that difference is episodic memory: for coerced names, 
familiarization changes simple picture naming into a task where 
successful production requires choosing one’s responses according 
to specific episodic cue-response associations. 
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Given the same picture of a glass, some 
people will call it a glass, but others will say 
cup or uh.  Speakers don’t always volunteer the 
labels we want, so we “familiarize” picture names 
before an experiment. We correct their cups to 
glasses and treat the resulting cupàglasses in our 
experiments like normal glasses.  But are these 
“coerced” names and volunteered names really 
comparable? Or might our corrections turn 
“simple” picture naming into something more like 
an explicit memory task, testing retrieval of novel 
cue-response associations? 

Data come from two large blocked-cyclic picture naming experiments. I noticed the 
patterns during exploratory analyses of the first experiment, and then ran the 
second experiment to confirm them.  All analyses are within-subjects and –items, 
to directly compare a coerced glass to a volunteered glass (for example). 

The general approach 
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Here we rule out semantic refractory disorders: 
(cf e.g. Warrington & Crutch, 2004; Jefferies et al, 2007; Gardner et al, 2012) 
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Ø  The	
   func*oning	
   of	
   the	
   leY	
   anterior	
   temporal	
   lobe	
   (LATL)	
   in	
   seman*c	
   knowledge	
  
remains	
  highly	
  debated.	
  Two	
  prominent	
  theories	
  are	
  summarised	
  below:	
  

1.  The	
  seman*c	
  hub	
  hypothesis	
  proposes	
  that	
  the	
  bilateral	
  ATL	
  encodes	
  domain-­‐
general	
   representa*ons	
   and	
   func*on	
   as	
   a	
   collabora*ve	
   “hub”	
   fusing	
  
informa*on	
   from	
   modality-­‐specific	
   brain	
   regions	
   (e.g.,	
   vision,	
   ac*on,	
   smell)	
  
which	
   act	
   as	
   input	
   and	
   output	
   points	
   for	
   comprehension	
   and	
   expression	
   of	
  
knowledge	
  across	
  verbal	
  and	
  non-­‐verbal	
  domains	
  (for	
  review:	
  Jefferies,	
  2013).	
  	
  

2.  The	
  unique	
  en*ty	
  hypothesis	
  (for	
  review:	
  Simmons	
  &	
  Mar*n	
  2009;	
  Simmons	
  et	
  
al.,	
   2012)	
   assumes	
   differen*al	
   involvement	
   of	
   the	
   LATL	
   and	
   RATL.	
   Under	
   this	
  
view,	
   the	
  LATL	
   func*ons	
  as	
  a	
  repertoire	
   for	
  knowledge	
  of	
  en**es	
  with	
  unique	
  
lexical-­‐conceptual	
   associa*ons.	
   These	
   items	
   represent	
   an	
   extreme	
   end	
   of	
   a	
  
con*nuum	
  of	
  seman*c	
  specificity	
  spanning	
  unique	
  (e.g.,	
  Eiffel	
  Tower)	
  over	
  less	
  
specific	
  (e.g.,	
  tower)	
  to	
  nonspecific	
  (e.g.,	
  landmark)	
  –	
  oYen	
  denoted	
  by	
  famous	
  
faces,	
   landmarks	
  and	
  proper	
  names.	
  LATL	
   links	
  seman*cs	
   to	
   language	
  systems	
  
for	
  naming	
  whilst	
  the	
  RATL	
  is	
  involved	
  in	
  familiarity	
  and	
  recogni*on	
  (e.g.,	
  Eiffel	
  
Tower	
  -­‐>	
  a	
  building	
  in	
  Paris),	
  although	
  not	
  exclusively.	
  

Goal	
  
Ø  The	
  goal	
  was	
  to:	
  (1)	
   inves*gate	
  whether	
  informa*on	
  in	
  the	
  ATL	
  is	
  domain-­‐general	
  or	
  

restricted	
   to	
   categories;	
   (2)	
   whether	
   that	
   informa*on	
   pertains	
   to	
   broad	
   classes	
   of	
  
objects	
   in	
  a	
  category	
  or	
  unique	
  en**es;	
   (3)	
  whether	
  that	
   informa*on	
   is	
   represented	
  
locally	
   within	
   the	
   ATL,	
   or	
   whether	
   the	
   region	
   acts	
   as	
   a	
   convergence	
   zone	
   linking	
  
informa*on	
  stored	
  in	
  other	
  regions	
  (Simmons	
  &	
  Mar*n,	
  2009).	
  

Case	
  Report	
  
Ø WRP	
   is	
   a	
   51-­‐year-­‐old	
   right-­‐handed	
   male	
   educated	
   to	
   degree	
   level.	
   In	
   2011,	
   he	
  

suddenly	
  developed	
  a	
  fever	
  accompanied	
  by	
  a	
  severe	
  headache.	
  Upon	
  hospitalisa*on,	
  
he	
  was	
  diagnosed	
  with	
  HSVE.	
  Figure	
  1	
  displays	
  his	
  MRI	
  scan.	
  

Ø  Neuropsychological	
   assessment:	
   WRP	
   presented	
   with	
   fluent	
   speech	
   with	
   normal	
  
syntac*c	
  and	
  phonological	
  processes.	
  ACE-­‐R	
  and	
  MMSE	
  revealed	
  no	
  demen*a	
  and	
  his	
  
visual	
   and	
   auditory	
   processing	
   skills	
   were	
   preserved.	
   As	
   with	
   the	
   majority	
   of	
   ATL	
  
lesions,	
  WRP	
  has	
  some	
  memory	
  difficul*es	
  although	
  they	
  are	
  limited	
  to	
  verbal	
  learning	
  
tasks.	
   In	
   addi*on,	
   WRP	
   presented	
   with	
   mild	
   surface	
   dyslexia/dysgraphia	
   and	
   with	
  
word	
  naming	
  difficul*es	
  which	
  are	
  the	
  focus	
  of	
  the	
  present	
  study.	
  	
  

	
  

Ø  WRP is a 52-year-old right-handed male educated to degree level. In 2011, he suddenly developed a fever 
accompanied by a severe headache. Upon hospitalisation, he was diagnosed with HSV. His MRI, below, 
shows left hemisphere lesions to his hippocampus, amygdala, and anterior to medial temporal lobe.  

Ø  Neuropsychological assessment: WRP presented with fluent speech with normal syntactic and 
phonological processes, but mild surface dyslexia/dysgraphia and word naming difficulties. ACE-R and 
MMSE revealed no dementia and his visual and auditory processing skills were preserved. Though our 
previous work has suggested category-specific semantic deficits (e.g. Roberts et al, 2014), control-like 
CCT performance (57/64 vs. μcontrol=58.95) suggests relatively intact semantic processing. 

Ø  Memory impairments were evident in CVLT-II (recognition: d’z=-3; recall: z=-3), BCoS (recallimmediate: 6/15; 
recalldelayed: 5/15), and MOCA (recalldelayed: 0/5), and additional tests have shown poor memory for paired 
associates and novel words, thus setting the stage for the present study.  

MRI shows destruction of the left temporal pole, extending to medial 
temporal, amygdala and hippocampal regions. Wernicke’s and 
Broca’s area are preserved as well as anterior fusiform regions. 
There is no involvement of the right hemisphere. 

Cumulative semantic interference in continuous picture naming  
does not require explicit memory (e.g. Howard et al, 2006; Navarrete et al, 2010) 
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Fig. 1. Refractory effects in word–picture matching for stroke aphasic patients.
Error bars show standard errors.

battery of semantic tests. These data indicate that the semanti-
cally impaired CVA patients and the SD patient (GE) failed the
full range of verbal and non-verbal semantic tests. The stroke
aphasic group also performed poorly on a range of tests of exec-
utive function, whereas GE was more intact. A fuller discussion
of these data is provided in Jefferies and Lambon Ralph (2006).

3.2. Cyclical word–picture matching

3.2.1. Response accuracy for stroke aphasic group
Fig. 1 shows means and standard errors for the stroke apha-

sic cases on the word–picture matching task (N = 8). Analy-
sis of variance revealed that performance was poorer for the
semantically related versus unrelated blocks (F(1, 7) = 17.7,
p = .004). There were no main effects of speed of presenta-
tion and stimulus repetition although the interaction between
repetition and semantic relatedness approached significance
(F(3, 21) = 2.9, p = .06). The decrease in accuracy between the
first and fourth presentations approached significance for the
semantically related items (t(7) = 2.0, uncorrected p = .08) but
not the unrelated sets. Repetition also interacted with speed

(F(3, 21) = 5.1, p = .008). Accuracy between the first and sec-
ond presentations increased at the slow speed (t(7) = −2.8,
uncorrected p = .03) but decreased at the fast speed (t(7) = 2.2,
uncorrected p = .06). Therefore, as a group, the stroke apha-
sic patients showed mild refractory effects in word–picture
matching.

The CVA patients showed equivalent performance on the
first presentation and 5 min after the experiment was completed
(related set: 77% versus 76%, t(7) < 1; unrelated set: 92% versus
96%, t(7) = −1.8). This indicated that they had recovered com-
pletely from the build-up of refractoriness after 5 min. There was
also no evidence of longer-term facilitation following stimulus
repetition.

3.2.2. Response accuracy for individual patients
Fig. 2 shows the performance of each individual stroke apha-

sic patient. These data were first analysed with logistic regres-
sion because this method allowed us to consider the influence of
the main effects of relatedness, speed and repetition as well as
any interactions between them (see Table 4). The main effects
were examined first and then multiplicative interactive terms
were added to each model. Additional analyses that explored
the effects of each variable separately using chi-square produced
very similar outcomes; these are reported below only when they
generated divergent results.

All of the patients showed strong effects of relatedness. Six of
them also showed effects of either speed or repetition or both (the
latter effect emerged as a relatedness by repetition interaction
because there was a build up of refractoriness for related sets but
improvement in performance for unrelated sets due to repetition
priming). The two stroke cases who did not show any effect of
either speed or repetition, ME and SC, were the only cases who
had temporoparietal lesions that spared the left prefrontal cortex.
Separate analysis using chi-square revealed the same pattern of
findings (except that for KH the marginally significant effect
of speed reported in Table 4 reached conventional significance
levels).

Table 4
Word–picture matching accuracy for individual patients

Condition CVA Semantic dementia

NY SC PG KH BB ME LS KA Average GE

Related (%) 91 92 82 85 77 82 57 32 75 57
Unrelated (%) 99 99 98 96 99 98 98 73 95 81
Relatedness (Wald) 12.2** 11.5** 28.9** 17.9** 32.1** 28.7** 72.5** 91.0** 37.0**

Fast (%) 93 96 85 88 86 90 74 51 83 68
Slow (%) 97 95 95 92 90 90 81 53 87 70
Speed (Wald) 3.7* n.s. 15.6** 2.9 n.s. n.s. 4.2* n.s. n.s.

Related items Trial 1 (%) 88 90 81 86 79 86 58 43 76 58
Related items Trial 2 (%) 81 97 82 88 81 81 57 32 75 56
Related items Trial 3 (%) 79 92 82 83 74 83 57 24 72 58
Related items Trial 4 (%) 86 89 83 82 76 78 57 28 72 56
Relatedness by repetition (Wald) n.s. n.s. n.s. 3.2 8.4** n.s. n.s. 16.7** n.s. n.s.

Figures indicate percentage of items correct. Wald values derived from logistic regressions computed for individual patients. Wald values for relatedness and speed
were derived from an analysis that also included repetition. Interaction terms were entered in addition to main effects. All effects that reached p < .1 are shown.
*p < .05. **p < .01. Effects that are not shown in the table (including main effect of speed and speed by relatedness interaction) did not reach significance. Patients
are arranged in order of word–picture matching scores using standard presentation (see Table 3).

This comparison figure from Jefferies et 
al, 2007, shows word-picture matching 
accuracy from aphasia patients with 
semantic refractory disorders in the same 
experiment 

This comparison figure from Gardner et 
al, 2012, shows word-picture and 
picture-picture matching accuracies from 
controls and patients with multimodal 
semantic refractory disorders in the same 
experiment. 

Acknowledgements 
 
This work was supported by an ESRC/MRC grant ESS/H02526X/1 to Marie-Joseph Tainturier. 
We are grateful to Elizabeth Jefferies’ lab for sharing semantic refractory experiments from 
Gardner et al, 2007, and Jefferies et al, 2012; to Tatiana Schnur for sharing the blocked cyclic 
naming stimuli from Schnur et al, 2006; to Edu Navarrete for sharing the repeated naming 
experiments from Navarrete et al, 2010. 

 

References 
 
Belke, E., & Stielow, A. (2013). Cumulative and non-cumulative semantic interference in object naming: Evidence from blocked and continuous 

manipulations of semantic context. Quarterly Journal of Experimental Psychology, (February), 37–41.  
Chang, F., Dell, G. S., & Bock, J. K. (2006). Becoming syntactic. Psychological Review, 113(2), 234–272.  
Damian, M. F., Vigliocco, G., & Levelt, W. J. M. (2001). Effects of semantic context in the naming of pictures and words. Cognition, 81(3), 77–86.  
De Zubicaray, G., Johnson, K., Howard, D., & McMahon, K. (2014). A perfusion fMRI investigation of thematic and categorical context effects in 

the spoken production of object names. Cortex, 54, 135–49.  
Dell, G. S., Reed, K. D., Adams, D. R., & Meyer, A. S. (2000). Speech errors, phonotactic constraints, and implicit learning: A study of the role of 

experience in language production. Journal of Experimental Psychology: Learning, Memory, and Cognition, 26(6), 1355–1367.  
Ferreira, V. S., Bock, J. K., Wilson, M. P., & Cohen, N. J. (2008). Memory for syntax despite amnesia. Psychological Science, 19(9), 940–6.  
Gardner, H. E., Lambon Ralph, M. a., Dodds, N., Jones, T., Ehsan, S., & Jefferies, E. (2012). The Differential Contributions of pFC and Temporo-

parietal Cortex to Multimodal Semantic Control: Exploring Refractory Effects in Semantic Aphasia. Journal of Cognitive Neuroscience, 24(4), 
778–793.  

Howard, D., Nickels, L., Coltheart, M., & Cole-Virtue, J. (2006). Cumulative semantic inhibition in picture naming: experimental and 
computational studies. Cognition, 100(3), 464–82.  

Jefferies, E., Baker, S. S., Doran, M., & Ralph, M. a L. (2007). Refractory effects in stroke aphasia: a consequence of poor semantic control. 
Neuropsychologia, 45(5), 1065–79.  

Jonides, J., Lewis, R. L., Nee, D. E., Lustig, C. a., Berman, M. G., & Moore, K. S. (2008). The Mind and Brain of Short-Term Memory. Annual Review 
of Psychology, 59(1), 193–224.  

Llorens, A., Trébuchon, A., Ries, S., Liégeois-Chauvel, C., & Alario, F.-X. (2014). How familiarization and repetition modulate the picture naming 
network. Brain and Language, 133, 47–58.  

Navarrete, E., Mahon, B. Z., & Caramazza, A. (2010). The cumulative semantic cost does not reflect lexical selection by competition. Acta 
Psychologica, 134(3), 279–89.  

Oppenheim, G. M. (2014). Fast re-mapping in semantically driven word production: Lingering consequences show that CSI in BCN is not episodic 
RIF. In Proceedings of the 8th International Workshop on Language Production. Geneva, Switzerland. 

Oppenheim, G. M., Dell, G. S., & Schwartz, M. F. (2010). The dark side of incremental learning: a model of cumulative semantic interference 
during lexical access in speech production. Cognition, 114(2), 227–252.  

Roberts, D., Hughs, E., & Tainturier, M. (2012). Lexico-semantic Impairment in a Case of HSVE to the Left Anterior Temporal Lobe. Procedia - 
Social and Behavioral Sciences, 61, 304–306.  

Schnur, T. T., Schwartz, M. F., Brecher, A., & Hodgson, C. (2006). Semantic interference during blocked-cyclic naming: Evidence from aphasia. 
Journal of Memory and Language, 54(2), 199–227.  

Warrington, E. K., & Crutch, S. J. (2004). A circumscribed refractory access disorder: A verbal semantic impairment sparing visual semantics. 
Cognitive Neuropsychology, 21(2), 299–315.  

Gary M. Oppenheim 
g.m.oppenheim@bangor.ac.uk 

Polly Barr 

55	



60	



65	



70	



75	



80	



85	



90	



95	



100	



1	

 2	

 3	

 4	



%
 c

or
re

ct
	



Repetition	



related slow	



related fast	



unrelated slow	



unrelated fast	



WRP showed near-ceiling accuracy for word-picture matching. While 
errors were more numerous for related blocks, they were actually less 
frequent at fast ISIs, ruling out a semantic refractory disorder 
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WRP showed near-ceiling accuracy for both word-picture matching and 
picture-picture matching, better resembling healthy controls than 
Gardner et al’s refractory disorder group. 
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matching probe: 
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matching probe: 

“kangaroo” 

Word-picture 
matching probe: 

Word-picture 
matching is 
near ceiling, 
unimpaired by 
short ISIs 

Picture-picture 
matching is 
similarly 
control-like 

Thus, left hippocampal damage and demonstrably impaired explicit memory, combined with fully intact linguistic processing and only mildly 
impaired semantics, can help us distinguish implicit from explicit processes in two widely used “implicit word learning” paradigms 

items are named (at cycle 1) and reduced thereafter. In
our experiment, as in theirs, the blocking effect goes in
the opposite direction.

In conclusion, we found that control participants
matched in age and education to the patient group
(see Experiment 2) exhibited the semantic blocking
effect, naming pictures more slowly in the Homogeneous
as compared to the Mixed condition. We also replicated
Belke et al.!s (2005) finding that the blocking effect
emerges only after the first cycle, increasing across sub-
sequent cycles.

With respect to the Rate manipulation, we found
that response times were shorter at the faster rate; but
Rate did not reliably qualify the other effects. Finally,
we note that the error rate for these controls did not
reliably differ for Homogeneous and Mixed conditions,
although errors in Homogeneous exceeded Mixed in the
later cycles. As will be seen next, the impact on error
rate is considerably exaggerated for participants with
aphasia.

Experiment 2

In Experiment 2, we tested 18 aphasic speakers on the
blocked-cyclic naming paradigm used in Experiment 1.
The group of 18 comprised two subgroups, one with
nonfluent, Broca!s aphasia—the classic anterior presen-
tation—the other with variants of fluent aphasia typical-
ly associated with posterior damage. The two subgroups
were closely matched on naming accuracy and other rel-
evant language measures, so that differences in the
expression of the semantic blocking effect could be
unambiguously interpreted.

Except where noted, all Methods were identical to
Experiment 1.

Method

Participants
Participants were individuals with lesions restricted

to the left hemisphere. They were selected from the Phil-
adelphia Cognitive Rehabilitation Research Registry
(Schwartz, Brecher, Whyte, & Klein, in press), using
the following criteria: Left cerebral vascular accident eti-
ology, right handed, native speaker of English, 80 years
of age or less, 6 months or more post onset. Mean (and
range) for age was 57 years (35–80); education mean was
14 years (10–20); and average months post-onset was 55
(10–175). Table 2 presents demographic and clinical
information on the 18 patients; and Appendix B presents
what is known about the site of their lesions. The lesion
information comes mostly from CT scans, as interpreted
by H. Branch Coslett, an experienced behavioral neurol-
ogist. Because these scans were obtained years earlier,
during the acute period, they do not necessarily reflect
the current lesion status. For this reason, and because
they were obtained under nonstandard conditions, we
do not consider them suitable for drawing localization
maps.

Assignment of patients to the Broca and NonBroca
groups was based on the Western Aphasia Battery (Ker-
tesz, 1982) and the Quantitative Production Analysis
(Berndt, Wayland, Rochon, Saffran, & Schwartz, 2000;
Saffran, Berndt, & Schwartz, 1989). The Quantitative
Production Analysis measures aspects of narrative pro-
duction that bear on fluency (e.g., words per minute;
median length of utterance) and symptoms of agramma-
tism, including telegrammatic speech (measured by pau-
city of closed class words) and syntactic simplification
(measured by the proportion of words that fall within
sentence boundaries relative to those produced in isola-
tion or simple phrases). The 7 patients assigned to the
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Fig. 1. In Experiment 1 (age and education matched controls), mean response times and one standard error bars for Homogeneous
(Hmg) and Mixed Conditions, Cycles 1–4. The increase in the size of the blocking effect (Hmg ! Mixed) and associated 95%
Confidence Intervals over 4 cycles is depicted in the upper right hand corner.
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When repeatedly naming a small set of exemplars from a single 
semantic category, people become slower relative to an unrelated 
baseline. This comparison figure from Schnur et al, 2006, shows 
blocked-cyclic naming latencies from 12 unimpaired controls (mean 
age=63), naming the line drawings on the left in American English. 
Error bars represent 95% CIs. 
 
Our experiment, with WRP, used the same materials. 
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With 93.7% accuracy across four 24-block sessions, WRP’s naming latencies show significant semantic 
interference accumulating within each small, single category block (~42.9ms, p<.001; ~23.0ms/cycle, p<.001; via 
maximal lmer of inverse-transformed correct RTs). After adjusting for nonsemantic RT differences, the magnitude of 
WRPs semantic interference effects closely approximate those of 8 ‘canonical controls’ (UCSD undergrads from 
Oppenheim, in prep; on the left in the three panels on the right) who named the same lists, whether comparing via 
inverse-transforms (ps>.8), z-scores (ps>.7), or untransformed RTs (ps>.3).  

      To match the Schnur et al comparison figure, these error bars represent 95% CIs. 

Case report 

Cumulative semantic interference in blocked-cyclic picture naming does not require explicit memory, either 
(e.g. Damian et al, 2001; Schnur et al, 2006) 
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With 90.3% accuracy (vs. 91.3% for Navarrete et al’s unimpaired) across four five-cycle sessions (1200 
critical trials), WRP’s naming latencies show similar semantic interference accumulating within each large, 
unblocked cycle (8.5ms/position, SE= 2.9, p=.007; interaction with cycle: p=.67; via maximal lmer of 
inverse-transformed correct RTs, after adjusting for general within-cycle slowing).  

When naming pictures in an apparently random sequence, 
people take increasingly long to name each successive 
exemplar of a single sematic category. This comparison 
figure, from Howard  et al, 2006, shows unblocked naming 
latencies from 24 unimpaired participants, naming many 

of the same pictures in Australian English. Their procedure, 
however, used only a single pass through one large block. 

The second analysis investigated the effects of ordinal position within a category on
naming reaction times, using data from all five ordinal positions.

As is clear from Table 1, mean RTs increase monotonically as a function of ordinal
position (column means) but are unaffected by lag since presentation of the last item in the
category (row means). Analysis over ordinal positions 2–5 showed a highly significant
effect of ordinal position (by subjects F(3,69)Z12.02, P!.001, by categories F(3,69)Z
8.38, P!.001), but no effect of lag and no interaction between lag and ordinal position
(F!1 for both effects by subjects and by categories). Further analysis over all five ordinal
positions confirms the highly significant effect of ordinal position (by subjects F(4,92)Z
17.50, P!.001, by categories F(4,92)Z10.34, P!.001). Only the linear component of
this effect is significant with a gradient of 30 ms/item (95% confidence interval G8.2), as

Fig. 1. The effect of ordinal position within a category on naming reaction time (uncorrected RTs).

Table 1
Mean correct naming reaction times, by ordinal position and lag (95% within-subject confidence intervals)

A Ordinal position Mean

Lag 1 2 3 4 5

2 634 (G55) 658 (G55) 699 (G55) 728 (G55) 680 (G28)

4 624 (G55) 685 (G55) 677 (G55) 743 (G55) 682 (G28)
6 667 (G55) 643 (G55) 684 (G55) 729 (G55) 681 (G28)

8 617 (G55) 677 (G55) 699 (G55) 730 (G55) 680 (G28)

Mean 610 (G23) 635 (G23) 661 (G23) 688 (G23) 735 (G23)

B Ordinal position Mean

Lag 1 2 3 4 5

2 636 (G55) 661 (G55) 692 (G55) 720 (G55) 678 (G28)

4 630 (G55) 685 (G55) 673 (G55) 747 (G55) 682 (G28)

6 667 (G55) 642 (G55) 676 (G55) 735 (G55) 678 (G28)

8 620 (G55) 674 (G55) 698 (G55) 727 (G55) 680 (G28)
Mean 615 (G23) 638 (G23) 661 (G23) 684 (G23) 733 (G23)

A, Uncorrected reaction times. B, Reaction times corrected for linear changes over the experiment.
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Ø  The temporal persistence of cumulative semantic interference has 
long-suggested a role for some kind of learning, but a challenge has 
been to distinguish implicit learning (e.g. Oppenheim et al, 2010) from explicit 
(e.g. de Zubicaray et al, 2014).  

Ø  Despite destruction of the left hippocampus and corresponding 
explicit memory impairments, WRP’s picture-naming latencies show 
significant and apparently undiminished cumulative semantic 
interference in both major paradigms. 
Ø  This pattern supports implicit learning accounts of both effects 
Ø  Explicit memory is not central to either effect 
Ø  To the extent that short-term and/or working memory are 

hippocampus-dependent (e.g. Jonides et al, 2008), these results also 
suggest limits on their contributions. 

Ø  Explicit memory may, however, play a role in adopting preferred 
names via pre-experiment familiarization procedures. This may be an 
example of ‘arbitrary’ stimulus-response binding even for ostensibly 
meaningful cues. 

 

Conclusions 

Navarette et al’s, 2010, modification increased power a bit by essentially repeating 
Howard et al’s experiment several times within a single session. The comparison figures 
below, show unblocked naming latencies from their 20 unimpaired students, naming the 
same pictures/sequences in Italian. Naming latencies slowed by 13.8ms/position, 
dropping to 9.1ms/position after adjusting for general within-cycle slowing.  

presence of linear trends, on a subject by subject basis, across the
entire block of items (see Fig. 1, line b)1.

Furthermore, and as described byHoward and colleagues, there was
no effect on response times of the number of items from different
semantic categories that intervened between each subsequent within-
category presentation (i.e., the factor ‘lag’).Two factors, Ordinal Position
Within-Category (2 to 5) and Lag (2, 4, 6 and 8) were included in the
analysis. In the analysis of naming latencies, the effect of Ordinal
Position Within-Category was significant (F1 (3, 57)=9.7, pb .001,
η2=.33; F2 (3, 33)=10.65, pb .001, η2=.49) while the effect of Lag
was not significant (F1 (3, 57)=1.46, p=.23, η2=.07; F2b1). The
interaction between Lag and Ordinal Position Within-Category (Fsb1)
was not significant. Lag analyses were not included in subsequent
experiments.

Howard and colleagues (2006) analyzed error rates as a function
of Ordinal Position Within-Category and did not observe any effects.
In contrast, in this experiment, error rates patterned after the
response time data. In the analysis of error rates there was a main
effect of the factor Ordinal Position Within-Category (F1 (4, 76)=
3.29, p=.02, η2=.14; F2 (4, 44)=2.82, p=.04, η2=.2), as well as a
main effect of Repetition (F1 (3, 57)=37.17, pb .001, η2=.66;
F2 (1.3, 14.49)=11.65, pb .003, η2=.51). The interaction between
Ordinal Position Within-Category and Repetition was not significant
(Fsb1). A direct test of the linear trend on error rates of Ordinal
Position Within-Category was significant (F1 (1, 19)=21.42,
pb .001, η2=.53; F2 (1, 11)=6.32, pb .03, η2=.36).

2.3. Discussion

The results of this experiment replicate Howard and colleagues
(2006) and Brown (1981) and also indicate that the cumulative
semantic cost does not interact with the factor repetition (at least as
the latter factor has been manipulated herein). In the next
experiment, Italian and German participants read target words
preceded by the associated gender marked determiner. If the
cumulative semantic cost arises at the lexical level, then the effect
should emerge in the determiner+word naming production task in
Experiment 2 (see Damian et al., 2001, for the same logic).

3. Experiment 2: Determiner+word naming

In this experiment Italian printed words (Experiment 2a) and
German printed words (Experiment 2b) were presented and partici-
pants were asked to read them, preceded by the corresponding definite
determiner (whichwas retrieved frommemory). Experiment 2was run
in both Italian and German, because determiner retrieval in the two
languages may be influenced by different types of information. Of
particular relevance, determiner selection in Italian may depend on
phonological properties of the head noun. There is evidence indicating
that Italian determiner selection occurs after lexical selection has taken
place (Caramazza, Miozzo, Costa, Schiller, & Alario, 2001; Miozzo &
Caramazza, 1999), which is consistent with the view that the form of
gendermarkeddeterminers is influencednot onlybygender, but alsoby
the phonological properties of the onset of the head noun (e.g., the
determiner masculine form il becomes lowhen masculine nouns begin
with a consonant cluster of the form "s+consonant" or "gn", or an
affricate, as in lo sgabello, the stool). Furthermore, in Italian there is a
high correlation between the phonological properties of the nouns and
their grammatical gender; words ending in -o tend to be masculine
while words ending in –a tend to be feminine. Thus, and because Italian
is a transparent language (in terms of orthography-phonology
mapping), it may be argued that Italian speakers could retrieve the
correct determiner form based on orthographic information alone,
without processing the word at the lexical level. In contrast, there is no
relation between the form of gender marked determiners and the
phonology of the head noun in German, and it has been argued that
determiner selection in German occurs at a level of lexical access that is

1 This analysis was conducted in order to ensure that the cumulative semantic cost
was not merely an expression of the general tendency for pictures named early in the
block to be named faster than pictures named later in the block. We observed an
overall positive correlation between naming latencies and position within the entire
sequence (across all semantic categories) (r values ranging from -0.2 to 0.4 for
participants, with a mean of 0.2) (see Howard at al., 2006, for similar findings).
Naming latencies were collapsed across the factor Repetition and linear trends were
calculated for each subject individually. Individual subject data were then corrected on
a subject by subject basis. The results of this linear trend correction are shown in Fig. 1
(line b, analysis of the linear trend: F1 (1, 19)=41.2; pb .001; η2=.68; F2 (1, 11)=
30.27; pb .001; η2=.73 ).

Table 1
Mean naming latencies (RT in ms), standard deviations (SD in ms) and percentage of error rates (E) by Ordinal Position Within-Category and Repetition in Experiment 1.

Blocks

First Second Third Fourth Mean

Position RT SD E RT SD E RT SD E RT SD E RT E

1 770 163 10.4 747 151 9.2 720 156 4.6 711 156 3.7 737 7.0
2 793 162 12.9 764 161 7.5 751 157 5.8 732 153 2.9 760 7.3
3 798 162 13.7 793 162 8.3 768 170 6.2 731 144 7.5 772 9.0
4 829 167 16.3 785 178 9.2 779 155 8.3 746 157 6.7 785 10.1
5 844 169 15 804 174 12.9 774 164 7.1 755 158 5.8 794 10.2
Mean 807 13.7 778 9.4 759 6.4 735 5.3

Fig. 1. Mean naming latencies by Ordinal Position Within-Category collapsed across
repetitions for Experiment 1. Line ‘a’ shows uncorrected naming latencies. Line ‘b’ plots
the same data corrected for the presence of linear trends (see text for discussion).
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The figure above collapses across 
cycles. Error bars represent 1 SE.  

The figure above collapses across cycles. To match the Navarrete 
et al comparison figures, these error bars represent 1 SE.  

Continuous picture naming  
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So what is the role of explicit memory in picture naming?  

glass 
glass	
  

cup 
glass	
  

The desired name 
had to be coerced 

The desired name 
was volunteered 

Speakers don’t always volunteer the labels we want, so we often “familiarize” picture 
names before an experiment. We correct participants’ ‘cup’s and ‘uh’s to ‘glass’es and 
treat the resulting ‘cupàglass’es in our experiments like normal ‘glass’es (though we did exclude 

them here). Unimpaired speakers do adapt quite successfully, but their “coerced” names 
remain detectably slower and more error prone (Oppenheim, 2014; in prep). WRP’s 
blocked cyclic naming accuracy reveals exaggerated difficulty adapting to such 
corrections (above right; inter-ocular), consistent with the intuition that they could turn 
“simple” picture naming into something more like an explicit memory task, testing the 
use of novel cue-response associations.  (Again, error bars represent 95% CIs.) 

Controls WRP 

But much recent work has sought to distinguish the interference that emerges from 
these paradigms (e.g. Belke & Stielow, 2013; de Zubicaray et al, 2014; Llorens et al, 2014), 
considering different loci and mechanisms as well as differential contributions from 
memory processes. For instance, one recent study (de Zubicaray et al, 2014) interpreted 
perfusion changes in the left hippocampus as evidence that the interference in 
blocked cyclic naming uniquely derives from explicit memory processing. Another 
current proposal holds that short-term memory for a stimulus set may reduce the 
accumulation of interference in the cyclic paradigm (Belke & Stielow, 2013).  
 
Here, we evaluate the possible role of explicit memory by testing a patient with left 
hippocampal damage and memory impairments on both continuous and blocked-cyclic 
picture-naming tasks, after ruling out semantic refractory disorders. To the extent that 
either creation or limitation of cumulative semantic interference normally requires 
explicit lexical memory, his results should diverge from the canonical patterns. 
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