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Dear Dr Bessa

| have compiled a final report and separated it into sections on the science and the finance. | would
like to take the opportunity to thank you for the support the foundation has provided and I trust that
this document provides you with sufficient information to assess our work and the progress we have
made.

Bial Final Scientific Report on Award 92/12: Dissociating familiarity and conceptual priming using
event-related potentials.

1. Research Summary
2. Finance Summary

1. Research Summary:

This award was granted to Professor Ed Wilding and Dr Lisa Evans, Cardiff University School of
Psychology. The work supported by the award was scheduled to run between 04/04/13 and
03/10/14.

The successful application described two experiments in which event-related potential {ERP) and
behavioural data were to be acquired. The motivation for the work supported by the award was to
test competing functional accounts of the mid-frontal ERP old/new effect (also referred to as the
FN400: Rugg, Mark et al. 1998, Curran 2000). This effect is commonly observed in tasks where long-
term memory judgments are required. The first detailed account of this effect in the literature linked
it to the process of familiarity (Rugg, Mark et al. 1998), which is a graded memory strength signal
that can be used as one basis for determining whether items or events have occurred before. A
more recently articulated account holds that the mid-frontal ERP old/new effect indexes semantic
priming {Yovel and Paller 2004}, which is a facilitation in performance {commonly marked by faster
reaction times) when an item is presented and has been preceded by a semantically related item.
The presentation of the first item is assumed to have acted as a prime, thereby facilitating the
performance change when the related item is presented subsequently.

A valid criticism of much of the literature in which claims have been made linking the mid-frontal
ERP old/new effect to familiarity is that no attempt has been made in those studies to control for
semantic priming (Paller, Voss et al. 2007). Consequently, many results that have been interpreted
as supporting a familiarity account might be re-interpreted in terms of semantic priming. While this
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might not apply to all published results (Bridger 2012), there is none the less good reason to argue
that the issue requires further attention, which was the starting point for the work on award 92/12.

The approach in this award was to use manipulations of semantic priming as well as familiarity
(initially across experiments) to attempt to adjudicate between these competing accounts (for
related approaches, see Voss and Paller 2007, Bridger 2012). The reason this issue is important is
because accurate models of the processes supporting memory judgments are a necessary pre-cursor
to understanding the brain regions that support different processes, and the consequences for
memory when it deteriorates with increasing age and after selective brain damage: in the absence of
an accurate information-processing model these attendant inferences cannot be made confidently
(Evans 2012).

Progress on the award:

In the two experiments described in the application the intention was to maintain very similar task
structures and to vary the task instructions. The intention was to measure priming via an analysis of
reaction times in the first experiment, and to measure memory via an analysis of response accuracy
in the second. The critical question was whether the mid-frontal old/new effect changed in a way
that mirrored the measures of priming or of memory accuracy. In both experiments the fundamental
structural similarity was that a proportion of words were to be repeated twice. This enabled capture
of reaction times to the three presentations of words (first presentation plus two repetitions) as well
as the levels of memory accuracy for the first and second repeats, with familiarity assumed to
increase from the first to the second repeat.

As noted in our interim report, the piloting for the experiments detailed in the award application
took longer than anticipated and also resulted in a change of priming task. In total, 18 sets of pilot
data were acquired during the refinement of the task employed in Experiment 1. Rather than the
target detection task which was used initially in piloting and identified in the proposal, participants
were exposed to words to which a living/non-living judgment had to be made. The other aspects of
the priming task, and critically the presentation of words on three occasions, remained as described
in the award application. The reason for the change in task was that, using the target detection task,
we were unable to observe robustly the critical pattern of behavioural data, which was faster
reaction times for the first repeat of an item, but no marked increase in reaction times for the
second repeat. Our view is that the very quick reaction times overall using a target detection task
precluded the observation of reaction time differences. In line with this explanation, we observed
slower overall reaction times when we moved to the living/non-living task, as might be anticipated
when requiring a semantic analysis of stimuli. We did, moreover, observe priming, with markedly
faster reaction times on the first repeat than on the first presentation.

In addition, the ERPs (final N = 16, a further 3 data sets were acquired but not included due to
excessive EEG artefact) tracked the behavioural data relatively closely: the ERPs elicited by the first
and second repetitions differed only marginally, while both were markedly more positive-going than
the ERPs elicited by the initial presentations of items. This outcome is consistent with the view that
ERPs track semantic priming rather than familiarity. If they tracked familiarity the expectation was
that this would increase from the second to the third presentation and should also be evident in
differences between the ERPs elicited by the first and second repeats.

The assumption that familiarity increases from the first to the second repeat could not be tested in
the first experiment because participants made only living/non-living judgments to the words in the
task. In the second experiment, however, in one condition participants made old/new recognition



memory judgments, so that the accuracy of memory judgments could be assessed. As noted in the
interim report, in the second experiment we also included a replication of the priming manipulation
from the first experiment, thereby allowing a comparison of the relevant effects for the same
participants from the same experimental session and with the same test structure.

6 data sets were acquired during piloting for the second experiment. The behavioural data from the
experiment are shown below (N = 30 for both the behaviour and the EEG, a further 4 data sets were
acquired but not included due to excessive EEG artefact). They indicate that the primary decrease in
reaction times (corresponding with the findings in the first experiment) is between first and second
presentations, and that the accuracy of memory judgments is greater for second than for first
repeats.
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A summary of the ERP data from critical anterior electrode locations is shown below.
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These data offer little support for a familiarity account of the activity at anterior locations between
300 and 500ms post-stimulus, because the increase in recognition accuracy from the 1%t to the 2™
repeat is not mirrored by changes in the ERPs: both repeats are equally more positive-going than the



1% presentation in the period of interest. The data from the priming task at F5 from 300-500ms are
consistent with a priming account, because here the substantive reaction time difference is only
between the 1% and the 2™ presentations, and this is reflected in the magnitude differences: as for
the recognition memaory task the only reliable differences are for comparisons involving the 1%
presentation. The data at F6 for the priming task do not have exactly the same profile as the data at
5, but the small voltage changes for both repetitions overall relative to first presentations preclude
strong claims.

An interesting complexify with these, data, however, is that analyses of scalp distributions of the
recognition and priming effects between 300 and 500ms revealed reliable differences, replicating
some earlier work {Bridger 2012}. This cutcome indicates that not entirely the same processes were
engaged in the two cases, The conclusions that follow are that, while the early anterior modulation
is most readily linked to priming by these data, ERPs may well index processes linked to priming and
to recognition memory.

One important caveat, moreover, is that the accuracy of memory judgments is very high, hence any
changes in familiarity between the 1* and 2™ repeats in the recognition memory task might be guite
small, and possibly not detectable via the ERP measurements. Confidence judgments acquired could
in principle help with this assessment, but the preponderance of high confidence judgments did not
permit these data to assist with this challenge. We plan to run a further experiment in which overall
levels of recognition accuracy are reduced, and perhaps introduce a 3" repetition, in order to permit
a comparison between classes of words (1% versus 3™ repeat) for which differences in familiarity will
be substantively greater.

These considerations wilt drive subsequent research. We have also drafted an abstract to submit for
consideration for inclusion at the Cognitive Neuroscience Society Annual Meeting, to be held in San
Francisco In March 2015. The submission date for abstracts is November 5 2014. A draft copy of
this abstract is appended to this final report. The support from Bial will be acknowledged on any
presentations, as well as on any publications that result.

Yours faithfully

Professor £Ed Wilding
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Abstract for Submission to Cognitive Neuroscience Society, March 2015

An event-related potential (ERP) separation of processes linked to conceptual priming and to
recognition memory.

Wilding, E.L., Herron, l.E., Evans, L.H.

Cardiff University Brain Research Imaging Centre (CUBRIC),

School of Psychology, Cardiff University, Cardiff, CF10 3AT

In ERP studies of recognition memory correctly identified old items elicit a frontally distributed
positivity relative to correctly identified new items from 300 to 500ms after stimulus onset. By one
account this modulation indexes familiarity, which is a scalar memory strength signal. By another, it
indexes conceptual priming, which is a performance facilitation when items requiring a response are
preceded by semantically related items. Here, people completed priming and continuous old/new
recognition memory tasks, the intention being to develop our understanding of the processes
indexed by ERPs in this epoch. In both tasks concrete nouns were shown three times, with 6-9 nouns
intervening between each presentation. In the priming task reaction times were marginally faster on
the second than the first repeat, and markedly faster on first repeat than first presentation. In the
recognition memory task response accuracy was superior for the second repeat but high for both
repetitions. The scalp distributions of the differences between first presentations and first repeats
for the two tasks (irrespective of response accuracy or reaction times) were reliably different,
suggesting that common as well as different processes were engaged in the two cases. While the
behavioural and ERP findings did not provide compelling evidence for the functional significance of
specific modulations in this epoch, they underscore the fact that work remains to be done to
understand the processes that are indexed early in the ERP recording epoch in tasks where items are
repeated and where different kinds of task demands are imposed.



