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ABSTRACT

Until recently, it has been assumed that frequency effects in word
naming tasks arise in the lexical identification and retrieval processes
involved. However, some new experiments have suggested that the
locus of such effects is subsequent to these processes. The former
hypothesis predicts that frequency will affect the extent of
interference produced in colour naming Stroop tasks, whereas the
latter does not. In the present experiment, the size of Stroop
interference using words from various frequency bands was
investigated. In one condition, subjects named the colour in which
high, medium and low frequency words, pronounceable non-words, or
non-alphabetic character strings were displayed. In another condition,
they named the printed item itself, displayed in white, for each of
these item types but the last. Though substantial frequency and
lexicality effects were observed in the item naming task, the amount of
interference observed in the colour naming task was not significantly
different for any of the real word or pronounceable non-word groups,
although all of these groups did show a significant interference
increment compared to colour naming of non-alphabetic character
strings. It is concluded that the process of retrieval of semantic
information associated with a word is not the locus of frequency
sensitivity in word naming. Additionally, it is suggested that
involuntary base item identification in Stroop tasks is by sublexical
processes. Several problems with this view are mentioned, and the
need for further research is emphasized.
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INTRODUCTION

Many tasks involving word recognition, word naming and similar
demands are sensitive to the frequency with which the individual
word is used in the language. Such effects are well established, and
many theories have been advanced concerning their origin. At present,
however, experimental results have been apparently contradictory,
and no consensus has been reached as to the locus of such frequency
effects (see review by Monsell, 1991).

When reading a word, it is assumed that the first process that must be
performed is one of identification of a ‘best match’ to it among all the
entries in the ‘mental lexicon’. When a match has been found, relevant
associated semantic information is retrieved. '

For comprehension, it is commonly assumed that two systems operate
in parallel to achieve these tasks; one involving a direct link from text
to meaning, and the other involving an indirect route via phonology.
Phonological activation is considered to be relatively automatic, but
phonologically-mediated access to meaning is slow relative to direct
access, at least for high frequency words, so contributes little to the
process in this case.

In tasks that require pronunciation of a written word, another dual-
route mechanism is suspected, comprising one system which
performs word identification and pronunciation (i.e. lexical
transcoding), and another performing sublexical transcoding. In the
former, the learned orthographic pattern of a known word is
recognised and the associated learned pronunciation is retrieved. In
parallel to this system, the sublexical system picks out recognisable
pronounceable letter strings from the orthography, transcodes these
using knowledge of common spelling-sound correspondences in the
language, and finally assembles these into a pronunciation of the whole
word.

It is typically assumed that the same set of orthographic lexical entries
and the same matching process support access both from text to
meaning and from text to phonology.

Large frequency effects are seen in lexical decision tasks (Rubenstein
et al. 1970). Therefore, as it is commonly assumed that such tasks
require identification but little retrieval of information, the
identification stage has traditionally been seen as the major locus of
frequency sensitivity.

However, some recent reports have indicated that lexical decision
requires more than just identification of the word, and suggested that
frequency sensitivity is due mainly to processes occurring after
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identification, and even after retrieval. For example, Balota and
Chumbley (1984) found that a semantic categorisation task (subjects
were presented with a category label, then asked whether a test word
was or was not a member of the category) was much less sensitive to
frequency than was lexical decision. As both these tasks require
identification, Balota and Chumbley concluded that the frequency
effect observed in this experiment must primarily be due to the
decision process specific to the Jexical decision task.

There is considerable evidence that activation of meaning also occurs
during lexical decision tasks (e.g. James, 1975; Whaley, 1978;
Jastrzembski, 1981; Chumbley & Balota, 1984). Balota and Chumbley's
findings (op cit.) are therefore also consistent with the hypothesis that
the process of activation of meaning is a locus of frequency effects.

Balota & Chumbley (1985) and McCann & Besner (1987) have
produced evidence that in naming tasks, as in lexical decision tasks,
the identification stage is not particularly frequency sensitive. Rather,
they suggest that the observed frequency effects arise during the
‘production’ stages of the pronunciation task. McCann and Besner
specify that such effects are not due to mere activation of the lexicon
of phonological word forms, but rather to processes that link “lexical
entries in the orthographic input lexicon with lexical entries in the
phonological output lexicon.”

Such a hypothesis, or, indeed, any hypothesis which proposes that the
identification process is not the major locus of frequency effects is
contradictory to both conventional models of lexical access and to
recent connectionist models (Sejnowski and Rosenberg, 1986;
Seidenberg and McClelland, 1989).

In the present experiment we have tried fo study the frequency
question further using a procedure based on a variation of the Stroop
effect. Stroop (1935) reported that if subjects were visually presented
with a colour name, and asked to name the colour of the ink in which
the name was printed, then they were much slower if the ink colour
was incongruent with the printed colour name than if it was
congruent, It was later shown by Klein (1964) that colour naming of
any common words, even if unrelated to colours, is retarded relative to
naming the colour in which a row of Xs is printed, albeit to a much
lesser extent than the interference originally reported by Stroop. The
effect demonstrated by Klein will be referred to as the lexical Stroop
effect throughout this report.

In Stroop’s original design, blocks of words were presented on a card,
and performance was measured by timing the subject at reading out
the colours of all of the words. This design has subsequently been
improved by presenting each word individually and measuring
corresponding response times (the ‘discrete trial' Stroop task). In this
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report, the word that is presented on each trial of a Stroop task will
be referred to as the ‘base word'.

The lexical Stroop effect has commonly been explained in terms of a
faster (and involuntary) assignment of a spoken response to written
word stimuli than to colours, and the resulting conflict between the
irrelevant response to the word name and the relevant response to the
colour name (Dyer, 197.3; Posner, 1978). Treisman (1969) proposed
that the conflict resulted from a general inability to completely focus
attention on one analyzer (e.g. colour and not word-name), although
this theory has been questioned by later studies (see Dyer, 1973).

Even if correct, such explanations do not tell us why the word-naming
response is so fast compared to colour naming. In their review of
Stroop experiments, Jensen & Rohwer (1966) suggest that the speed
of the response arises through the large amount of practice that we
have at word naming, and also through the fact that only one response
is associated with each written word. A recent attempt to explain the
phenomenon by Cohen et al. (1990), within a connectionist
framework, proposes that the apparent automaticity of the word
naming response arises gradually as an individual is exposed to such
practice during development (the response is therefore only
quantitatively, but not qualitatively, different to the colour-naming
response).

The results of many experiments have suggested that, in addition to
the retrieval of phonological information, Stroop interference may also
be partially attributable to retrieval of associated semantic information.
Warren (1972) required subjects to remember sets of words during a
Stroop task. He found that interference increased when “the base
word in the Stroop task was the category name for a set of words
being remembered.” In a later experiment (Warren, 1974) using a
similar method, increased interference was observed if a word which
was associatively related to the base word in the Stroop task was
concurrently held in memory. Furthermore, the degree of
interference was directly related to the strength of the associative
connection. Other investigations have shown that Stroop tasks involve
retrieval of semantic information associated with the base word by
demonstrating that contextual priming affects the degree of Stroop
interference observed (Conrad, 1978; Merrill et al., 1981; Oden &
Spira, 1983; Whitney et al., 1985; Jones, 1989).

Inasmuch as the size of the lexical Stroop effect reflects the efficiency
with which we (involuntarily) identify a word and retrieve associated
information, it ought to be sensitive to frequency if, that is, frequency
effects are primarily localized at the identification or retrieval stages.

Klein (1964) found that common words produced greater interference
in a colour-naming task than did rare words. However, this finding has
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since been gquestioned because of certain methodological
shortcomings in the experiment, including the fact that the rare
words used were so rare that they were unlikely to have been
recognized by many of the subjects. Proctor (1978) compared the
results of using a response set comprising common colour words to
one comprising uncommon colour words. He found the the former
condition produced greater interference in a Stroop task. However,
the low frequency of the uncommon words is confounded with other
properties, such as the fact that they are less strongly associated with
the concept of colour. This fact would, in itself, tend to reduce the
amount of interference. An recent experiment by Monsell, Elliot &
Perry (see bibliography) found little evidence for any frequency effect,
and the significance of the result was weakened by a low accuracy for
colour naming of high frequency words. Also, no control stimuli, such
as XXXX, were used, and the frequency effect of the stimuli used was
not demonstrated in any other task, such as word naming.

In short, no adequate experimental test of the effect of normative
word frequency on interference in Stroop tasks has been conducted to
date. The present report is of an experiment designed to investigate
such an effect, overcoming the methodological shortcomings of
previous studies.

Three categories of words were used; high frequency, medium
frequency and low frequency. In order to have a base rate against
which to compare colour-naming results from these categories, two
control categories were used; pronounceable nonsense words and
strings of non-alphabetic characters (e.g. %%$£@). The latter were used
rather than the more usual XXXX stimuli to attempt to match the
variability between characters in this category with stimuli in the
other categories, whilst maintaining roughly equal print density.

As well as giving subjects a colour naming task, an item naming task
was also included (for all item categories except the non-alphabetic
characters) in order to demonstrate that pronounceable stimuli in the
different categories displayed the basic frequency effect in this
condition.

To avoid the confounding of lexical and sublexical identification
processes, only real words with irregular sound-spelling
correspondences (i.e. words whose pronunciation cannot be correctly
derived through knowledge of general sound-spelling patterns in
English) were used in the experiment. Thus, for real-word naming, we
ensured that subjects were using primarily the lexical identification
route to name words, rather than the sublexical route. Naming of
pronounceable non-words necessarily takes place via the sublexical
route.
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METHOD

DESIGN

Subjects were required to perform two tasks, item naming and colour
naming (that is, naming the colour in which an item was printed), on
items of four different categories; high frequency words! (referred to
in the rest of this report as HF items), medium frequency words? (MF
items), low frequency words® (LF), and pronounceable nonsense words
(pseudo-words, PW). For the colour naming task, items from a fifth
category, character strings (CS), were also used. The CS items
comprised different combinations of the characters ‘@', ‘£, '$', '#,
‘&, >, <, P, ™, ‘% and ‘1'%, Items presented during the item
naming task were in white print on a black background. Items
presented during the colour naming task were in one of the colours
red, green, yellow, blue or purple, again on a black background.

A discrete trial variation of the Stroop task was used to allow
presentation of stimuli from the different categories in a random
order.

Two separate lists of stimuli were used in the experiment, each
comprising 200 items. Each list was sub-divided into groups of 40
items from the five different categories. The items used in each list
are given in Appendix A.

All categories were matched for distributions of item length.
Additionally, the sets of items chosen for the HF, MF, LF and PW
categories were matched for number of syllables, initial sounds and
stress patterns, and they all had voiced onsets to assist accurate
response timing during the experiment. Across the two lists, the 80
HF, 80 MF and 80 LF items each comprised 15 verbs, 10 adjectives
and 55 nouns. Equal numbers of concrete and abstract nouns were
included in each list. The matching procedure is shown
diagrammatically in figure 1.

Each subject was required to perform one task with each list. To avoid
possible nuisance variables, subjects were counter-balanced for the
order in which they were required to perform colour naming and item
naming, and for which stimulus list was used for which task. There
were therefore four different combinations of conditions, summarised

1 High frequency words were defined as those with frequencies of 50+ per million
according to the MRC database VI.3d

2 Medium frequency words were defined as those with frequencies between 14 and 35 per
million (inclusive) according to the MRC database V1.3d

3 Low frequency words were defined as those with frequencies between 1 and 4 per
million (inclusive) according to the MRC database VI1.3d

4 The ‘I" character actually appeared as two closely spaced parallel vertical lines in the
experiment.





























































