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Abstract

Ward (1983) that highly impulsive individuals are more
likely to classify on the basis of overall similarity than
individuals with low impulsivity. This result appears to
support the less-is-more hypothesis because, presumably,
impulsive individuals devote fewer cognitive resources to
the categorization task than do reflective individuals.
We had two concerns about Ward’s demonstration—
the validity of the measure of impulsivity, and the validity of the measure of overall similarity classification.
Below, we outline those concerns, and describe how we
addressed them in the current study.

It is sometimes argued that implementation of an overall
similarity classification is less effortful than implementation of a single-dimension classification. One piece of
evidence taken to be in support of this argument is that
highly impulsive individuals appear to be more likely to
sort on the basis of overall similarity than individuals
with low impulsivity (Ward, 1983); presumably, higher
impulsivity results in lower effort. In the current article, we identify some limitations in Ward’s procedure
and, using a more standard measure of impulsivity and
a less ambiguous measure of overall similarity classification, re-investigate the relationship between impulsivity
and overall similarity classification. Using a match-tostandard procedure, the current experiment finds that
overall similarity classification is less prevalent in highly
impulsive individuals. The implications of this result,
which is opposite to that reported by Ward (1983), are
discussed.
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Impulsivity

In a seminal article, Brooks (1978) argued for two different processes of categorization. In analytic categorization, the participant separates aspects of the stimulus and evaluates their ability to predict category membership. This process of analysis, Brooks assumed, will
typically lead to a subset of the stimulus attributes controlling responding. In contrast, nonanalytic categorization is the process of predicting category membership
on the basis of overall similarity to known examples—
a process that results in all stimulus attributes having
some control over responding. Brooks hypothesized that
nonanalytic categorization would be more likely to occur
where cognitive resources were limited.
Brooks’s hypothesis is striking because it assumes that
a categorization process that employs all the information in the stimulus (overall similarity) is less effortful
than a categorization process that employs a subset of
that information (analytic, or “rule-based”, categorization). Following Wills, Milton, Longmore, Hester, and
Robinson (2013), we describe this as the less-is-more
hypothesis—for example, less time spent categorizing
objects results in more information from those objects
having control over responding (Smith & Kemler Nelson, 1984). We contrast this with the more-is-more
hypothesis—for example, more time spent categorizing
objects results in more information from those objects
having control over responding (Milton, Longmore, &
Wills, 2008).
The current paper revisits one particular plank in the
less-is-more argument; namely, the result reported by

Ward used the Matching Familiar Figures measure of
impulsivity (Kagan, 1965), a measure whose validity has
been questioned (e.g. Block, Block, & Harrington, 1974)
and which appears to be largely uncorrelated with better
validated measures of impulsivity (Helmers, Young, &
Pihl, 1995). In the current study, we employed the Barratt Impulsivity Scale (BIS-11), which is the most widely
used measure of impulsivity (Stanford et al., 2009). It
has high reliability and good external validity (Patton,
Stanford, & Barratt, 1995). The Barratt Impulsivity
Scale is a self-report measure that includes statements
such as, “I concentrate easily” and “I am happy-golucky”.

Overall similarity classification
Ward employed the triad procedure as a measure of the
prevalence of overall similarity classification. In this procedure three stimuli, whose relationship to each other
is illustrated in Figure 1, are presented simultaneously
and participants are asked to decide which two stimuli
go together best. Stimuli B and C are similar on both
stimulus dimensions, but not identical on either, while
stimuli A and B are identical on one stimulus dimension
but quite dissimilar on the other. Three responses are
possible—an AB response (A and B go together best), a
BC response or an AC response. Time pressure, concurrent load, impulsivity, and instructions to respond impressionistically, all increase BC responses and decrease
AB responses (Smith & Kemler Nelson, 1984; Ward,
1983; Ward, Foley, & Cole, 1986). AB responding is
typically described as “dimensional” responding and BC
responding is typically described as “overall similarity”
responding, hence leading to the claim that overall similarity (BC) responding increases as cognitive resources
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Figure 1: Abstract structure of the triad task. Typically, on half of trials A and B are identical on dimension 1
(Panel b), and on the other half of trials A and B are identical on dimension 2 (Panel a).
decrease.
One reason that the triad procedure is ill suited to
testing a less-is-more hypothesis is that consistent AB
(“dimensional”) responding requires that the participant
consider both stimulus dimensions on every trial. This
is because the dimension on which A and B are identical
varies unpredictably from trial to trial (see Figure 1),
and so a consistent AB responder cannot decide in advance of stimulus onset to only attend to one of the stimulus dimensions. Consistent BC responding also requires
consideration of both stimulus dimensions on every trial
(irrespective of whether one believes that consideration
to take the form of an analytic strategy or direct access
to similarity relations through holistic “blobs”). Hence
both consistent “overall similarity” (BC) responding and
consistent “dimensional” (AB) responding requires consideration of all the relevant stimulus information on
every trial. It is therefore not the case that overall
similarity responding requires consideration of more of
the available stimulus information than dimensional responding in the triad task, and hence the triad task is
not well suited to testing a less-is-more hypothesis.
In the current study, we employed the match-tostandards procedure, which is perhaps best considered
as an interpretatively less ambiguous version of the triad
procedure. The procedure was introduced by Regehr and
Brooks (1995) as a means of increasing the prevalence of
overall similarity classification of novel stimuli, relative
to the more commonly employed array sort procedure, in
which single-dimension classification dominates (Medin,
Wattenmaker, & Hampson, 1987). In line with the findings of Milton et al. (2008), Regehr and Brooks observed
that reaction times were longer for overall similarity classification than single-dimension classification in this procedure, although they did not publish these observations
(Brooks, personal communication, 20 October 2009).
In the match-to-standards procedure, participants sequentially free classify each of a series of target stimuli
as belonging to one of two categories. The two cate-

gories are represented by two standards—that is, two
stimuli that appear on each trial. The two standards
differ from each other on all variable stimulus dimensions. For example, in the current study, the two standards are as shown in Figure 2. In the current experiments, there are 10 distinct to-be-classified stimuli, with
the abstract structure shown in Table 1. In some respects, the match-to-standards procedure is similar to
the triad procedure, because each trial involves deciding which two of the three stimuli go together best (although, unlike the triad task, the option of saying that
the two least similar stimuli—the two standards in the
match-to-standards procedure—go together is not available). Also, in the match-to-standards procedure, each
participant’s classification strategy for a particular block
is determined over 10 trials (rather than independently
for each trial, as in the triad task).

Experiment
In summary, the current experiment re-investigates the
relationship between impulsivity and overall similarity
classification, first reported by Ward (1983), but using
improved measures of both impulsivity and of overall
similarity classification.

Method
Participants and apparatus Thirty-six participants
from the University of Exeter took part in the experiment in return for course credit or payment. The stimuli
were presented on a 17-inch CRT monitor, set to a resolution of 800 × 600 pixels and a color depth of 16-bits
per pixel. The participants sat in front of the computer
screen at a distance of approximately 50 cms. Responses
were made using a standard keyboard.
Stimuli The abstract stimulus structure can be seen
in Table 1. The stimulus set consisted of four binaryvalued dimensions (D1-D4) and the stimuli were organized around two prototypes, each representative of the
two categories. These prototypes were constructed by
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taking all the positive values on the dimensions for one
of the stimuli (1, 1, 1, 1) and all of the zero values on the
dimensions (0, 0, 0, 0) for the other category. The rest
of the stimuli (one-aways) were mild distortions of the
two prototypes in that they had three features characteristic of their category and one atypical feature more
characteristic of the other category. In total there were
10 stimuli in the set. Sorting the stimuli by overall similarity, as shown in Table 1, maximizes within-group similarities and minimizes between-group similarities. The
stimuli were one of the lamp stimulus sets used by Milton
and Wills (2004). Each lamp had four variable features;
lampshade (with either 5 or 10 dots), width of stand
(wide or narrow), color of bar (light or dark blue) and
size of base (long or short). See Figure 2 for the prototypes of each category.

Table 1: Abstract stimulus set
D1
1
1
1
1
0

Category A
D2 D3
1
1
1
1
1
0
0
1
1
1

D4
1
0
1
1
1

D1
0
0
0
0
1

Category B
D2 D3
0
0
0
0
0
1
1
0
0
0

D4
0
1
0
0
0

Procedure We used the match-to-standards task introduced by Regehr and Brooks (1995), and developed
by our lab (Milton & Wills, 2004; Milton et al., 2008;
Wills et al., 2013). Each trial began with a blank screen
that was presented for 1000 ms, followed by three lamps
in a triangular arrangement. There were two lamps at
the top of the screen that depicted the prototypes for
category A and B with the to-be-classified lamp presented below the prototypes. Each stimulus array remained on the screen until the participant placed the
to-be-classified lamp into either category A (by pressing
the ‘c’ key on the keyboard) or category B (by pressing
the ‘m’ key). After the participant made a response the
next trial began.
There was no feedback; participants were simply instructed at the beginning of the experiment to sort the
stimuli in the way they thought most appropriate. At
the end of each block, participants were asked to write
down the sorting strategy they used before moving onto
the next block. Participants were presented with a total
of 60 trials, in 6 blocks of 10 trials. In each block, each
of the stimuli shown in Table 1 was presented once as
the to-be-classified stimulus. The order of presentation
within a block was random.
Immediately after the 6 blocks of classifiation, participants’ impulsivity was assessed using the Barratt Impulsivity Scale BIS-11 (Stanford & Barratt, 1995).

Figure 2: Stimulus prototypes

Classification measure Each participant was classified as having produced one of the sort types described
below in each of the six blocks of the experiment. These
sort types are identical to those used previously by our
lab (Milton & Wills, 2004; Milton et al., 2008; Milton,
Wills, & Hodgson, 2009; Wills et al., 2013).
A uni-dimensional sort is based on a single dimension
of the stimulus. It does not matter which dimension is
used as the basis of sorting, so long as all of the positive
values for the chosen dimension were in one category
and all of the zero values for that dimension were in
the other category. Additionally, in order to receive this
classification, the participant has to describe their sort
as being based on a single dimension.
Participants were considered to have produced a oneaway uni-dimensional sort if they described their sorting
as being driven by a single dimension but there was a
solitary error in their classification. This means that
nine of the items were classified on the basis of a single
dimension but the other item was placed into the wrong
category.
An overall similarity sort, also commonly known as
a “family resemblance” sort (Medin et al., 1987), has
a structure identical to that shown in Table 1. In order to receive this classification, the participant had to
place each of the prototypes, along with their derived
one-aways, into separate categories without error. Additionally, they have to describe their strategy as being
based either on general similarity or on placing each item
into the category with which it had more features in common.
A one-away overall similarity sort is similar to the
one-away uni-dimensional sort with the exception that
the error occurred in a sort that was otherwise overall
similarity.
Any classifications produced by a participant other
than those described above were classified as other sorts,
even if the description given by the participant fitted one
of the sorts described above. The correspondence between the classification produced by a participant and
their verbal description of the sort they have produced
is very high in this procedure, approximately 0.99. The
verbal descriptions were classified by the authors.
Impulsivity measure Participants were classified as
high impulsivity if their score on BIS-11 was greater than
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the sample median (64.5), and as low impulsivity otherwise (cf. Martin & Potts, 2009).

Results
For every block, each participant’s sorting strategy was
classified according to the sort types described above.
As in previous studies, one-away uni-dimensional and
one-away overall similarity sorts were classified as unidimensional and overall similarity sorts respectively
(Milton & Wills, 2004; Milton et al., 2008; Wills et al.,
2013). The total number of sorts for each strategy was
calculated and the mean proportions of overall similarity, uni-dimensional and other sorts produced by high
impulsivity and low impulsivity participants are shown
in Figure 3.
Participants with high impulsivity produced significantly more uni-dimensional sorts than those with low
impulsivity, t(34) = 2.203, p < .05. Conversely, participants with high impulsivity produced significantly fewer
overall similarity sorts than those with low impulsivity,
t(34) = −2.382, p < .025. There was no difference in the
prevalence of Other sorts, t(34) = .206, p = .838. Correlations of the raw impulsivity scores with the prevalence
of unidimensional, overall similarity and other sorts reveal the same ordinal pattern, albeit with slightly higher
p-values (unidimensional τ = .22, p = .09; overall similarity τ = −.20, p = .13; other, τ = −.06, p = .68).

Discussion
Ward (1983) reported that participants with high impulsivity were more likely to classify on the basis of overall
similarity than participants with low impulsivity. This
is one of a number of results taken to support the idea
that overall similarity classification is a low-effort, “fallback” mode of classification that people employ when
cognitive resources are limited. However, a close examination of Ward’s study reveals that both the measure
of impulsivity, and the measure of overall similarity, employed are sub-optimal. The measure of impulsivity (Kagan’s Matching Familiar Figures task) is of questionable
validity, and does not correlate with other more valid
measures of impulsivity. The triad task, employed by
Ward as a measure of overall similarity responding, is
also interpretatively ambiguous because both consistent
overall similarity responding, and consistent dimensional
responding, require consideration of both stimulus dimensions on every trial.
In the current study, we employed a more standard
measure of impulsivity (the Barratt Impulsivity Scale),
and measured overall similarity responding with the
match-to-standards task. The match-to-standards task
is a variant of the triad procedure that overcomes the
interpretive ambiguities in the standard procedure. One
of the ways it achieves this is by considering the participants’ responses to a series of ten stimuli, rather than

considering the response to each stimulus as an independent data point.
Our refinement of Ward’s procedures seems to have led
to a reversal of his conclusions. In the current study, high
impulsivity is associated with single-dimension responding, whilst low impulsivity is associated with overall similarity responding. Thus, our data seem to support a
conclusion opposite to Ward’s—overall similarity classification is more requiring of cognitive resources than
dimensional responding. Such a conclusion is consistent
with previous results employing the match-to-standards
procedure. For example, Milton et al. (2008) found that
time pressure generally reduces the prevalence of overall
similarity responding, Milton et al. (2009) found greater
frontal lobe involvement for overall similarity classification than single-dimension classification, and Wills et al.
(2013) found that concurrent load, and a small working memory capacity, reduces the prevalence of overall similarity classification, and that instructions to respond meticulously increased overall similarity responding. Milton and Wills (2009) found that overall similarity classification takes longer, and involves more, widely
distributed, eye movements than single-dimension classification. Taken together with the results of the current
study, a consistent picture is emerging—overall similarity classification is more effortful than single-dimension
classification.
One key question, not satisfactorily answered by this
study, or by any other published study, is whether the
consistent pattern of results emerging from the match-tostandards procedure is specific to that procedure. Perhaps the match-to-standards procedure is the exception,
with other procedures pointing consistently to the opposite conclusion? In our view, there is currently insufficient data to answer this question adequately. The triad
procedure, at least as typically analysed, is interpretatively ambiguous, but this problem could be overcome
with larger samples and more sophisticated model-based
analyses (e.g. Thompson, 1994).
Two other procedures that are sometimes taken to
support the less-is-more view (that overall similarity
classification is lower effort than single-dimension classification) are the Ashby-Maddox procedure (Ashby &
Maddox, 2005) and the criterial-attribute procedure
(Kemler Nelson, 1984; Smith & Shapiro, 1989). As
discussed by Wills et al. (2013), these procedures seem
likely to be addressing slightly different questions to the
one posed here.
The Ashby-Maddox procedure seems, predominately,
to be an investigation of the effects of having an easy-toverbalize category structure versus a hard-to-verbalize
structure. As single-dimension structures are typically
easy to verbalize, and some multi-dimensional structures are not, the two issues are not unrelated. However, recent work by Ashby, Maddox and colleagues sug-
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Figure 3: Proportion of other, uni-dimensional and overall similarity sorts, by impulsivity. Error bars represent one
standard error
gests that it is verbalizability, rather than dimensionality, that underlies their reported effects, because the
effects are still observed when one compares two multidimensional classification problems that differ in verbalizability (Filoteo, Lauritzen, & Maddox, 2010; Maddox,
Pacheco, Reeves, Zhu, & Schnyer, 2010). There are also
an increasing number of studies that suggest that some of
the results from the Ashby-Maddox procedure are a consequence of subtle problems with the design or analysis
of these studies (Newell, Dunn, & Kalish, 2010; Newell,
Moore, Wills, & Milton, 2013).
The criterial-attribute procedure, like the AshbyMaddox procedure, seems to be addressing a slightly
different question to the one posed here. Specifically,
the criterial-attribute procedure may provide evidence
that it is effortful to detect the one dimension that
permits above-criterion performance in a context where
all dimensions individually support at least 75% accuracy. Studies using the criterial-attribute procedure
(Kemler Nelson, 1984; Smith & Shapiro, 1989) support
the idea that this is effortful, but they are also consistent with the idea that implementing an overall similarity classification is more effortful than implementing a
single-dimension classification (Smith, Tracy, & Murray,
1993). It was the implementation of overall similarity
classification that was the topic of the current study.
Why did the current study and Ward’s study produce apparently opposite results regarding impulsivity
and overall similarity classification? There are a number
of possibilities. One possibility, as previously discussed,
is that Ward’s measure of impulsivity has low validity.
If Ward did not measure impulsivity adequately, then
contrasting the current result (using a more valid measure) with Ward’s findings is largely irrelevant, as Ward’s
results would not validly concern impulsivity. Another

possibility is that a less ambiguous analysis of the triad
task using model-based methods might reveal that high
impulsivity was in fact associated with uni-dimensional
classification, rather than overall similarity classification,
even in the triad task. We are currently investigating
this possibility.
One way in which the match-to-standards task differs
from other procedures is that the participants’ written
descriptions of their sorts are combined with the sorts
they actually produce in order to classify their behavior. It seems likely that impulsivity affects the content
of those written reports. A more critical possibility is
that impulsivity might affect the written reports differently to the objective sorts, and hence the results of the
current study might have been different if we had only
looked at the objective sorts (or only looked at the written reports). However, if impulsivity does affect written
reports differently to the objective sorts, then the consequence should be a difference in the prevalence of Other
sorts as a function of impulsivity (because Other sorts
occur under our classification procedure when the written report and objective sort do not agree). As can be
seen in Figure 3, the proportion of Other sorts is low and
does not vary by impulsivity. It therefore seems unlikely
that our results would have been substantively different
if we had considered just the objective sorts or just the
written descriptions.
In conclusion, in the current study highly impulsive individuals were more likely to produce singledimension classifications than low-impulsivity individuals (who were more likely to produce overall similarity
classifications). The opposite conclusion, suggested by
Ward (1983), seems likely to be due to limitations of the
procedures employed in that study, although it remains
a possibility that both results are valid, but specific to
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the procedure employed.
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