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Abstract
When speakers refer to objects in the world, they often overin-
form: provide their listener with redundant adjectival informa-
tion. Contrary to classical theories in linguistics, recent the-
ories have framed overinformativeness as an efficient means
of grounding reference in perceptual information of high dis-
criminability to facilitate listener comprehension. However,
the generalisability of such theories is constrained by the
methodological challenge associated with reliably manipu-
lating the perceptual discriminability of naturalistic stimuli.
Here, we overcome these methodological challenges, using
methods from psychophysics to manipulate the perceptual dis-
criminability of colour and material attributes in a reference-
production experiment. We provide a robust validation of
the view that overinformative reference is driven by speak-
ers grounding expressions in attributes of high discriminabil-
ity. However, we also find that colour information is privileged
above and beyond such factors of discriminability.
Keywords: reference production; overinformative reference;
experimental pragmatics.

Introduction
Reference in the physical world is frequently overinforma-
tive: speakers provide their listeners with more information
than required to isolate an object of reference (Pechmann,
1989; Sedivy, 2003). A speaker commonly says “pass me the
blue cup” in a situation with just one cup: here, the modifier
blue is redundant; they could have just said “the cup”. The
persistence of redundant, overinformative modification might
at first seem inconsequential. However, it provides a striking
counter example to classical notions of communicative effi-
ciency (Zipf, 1949; Grice, 1975): efficient speakers say as
much as necessary, but no more. In contrast, overinformative
real world speakers seem generally blind to requirements of
informativeness, expending unnecessary effort.

More recent theories of reference, however, have re-
assessed these notions of informational necessity and redun-
dancy. They argue that an expression is communicatively
efficient if it facilitates listener comprehension: this is the
case even if such an expression exceeds the strictly necessary
informational requirements of the exchange (Jara-Ettinger
& Rubio-Fernandez, 2022; Kursat & Degen, 2021; Rehrig,
Cullimore, Henderson, & Ferreira, 2021; Rubio-Fernandez,
2019; Tourtouri, Delogu, & Crocker, 2021). In the case of
physical reference, a key factor in listener comprehension
is the perceptual processing of a scene (Tanenhaus, Spivey-
Knowlton, Eberhard, & Sedivy, 1995; McMurray, Clayards,
Tanenhaus, & Aslin, 2008). The new theories therefore ar-
gue that expressions with redundant modifiers such as blue in

“the blue cup” should be considered efficient if the informa-
tionally redundant modifier facilitates the listener’s percep-
tual search for the object of reference. In turn, this so-called
redundant modifier is likely to facilitate the referential search
process when the modifier grounds reference in an easy-to-
perceptually-discriminate object attribute. From the perspec-
tive of comprehension efficiency, then, overinformativeness
might naturally arise as speakers seek to ground reference in
highly discriminable object properties: redundancy is simply
a worthwhile trade-off to achieve efficient comprehension.
We will call this the perceptual efficiency view.

The reference production literature supports the assump-
tions of informational redundancy as perceptually efficient,
operationalising perceptual efficiency as perceptual distinc-
tiveness. While perceptual distinctiveness is itself imple-
mented in varied ways, a range of experimental paradigms
support the conclusion that speakers use redundant colour
modifiers to ground reference in visually distinctive object at-
tributes. For example, redundant colour modifiers increase as
the density of the display increases (e.g., nine objects as op-
posed to two; Clarke, Elsner, & Rohde, 2013; Gatt, Krahmer,
Van Deemter, & van Gompel, 2017; Rubio-Fernandez, 2019).
These density effects are particularly pronounced when the
target referent has a pop-out colour: whereby the colour of
the referent differs dramatically from a uniform set. Addi-
tionally, rates of redundant colour modifiers are higher when
referential environments are polychromatic as opposed to
monochromatic—i.e., colour is more distinctive of the refer-
ent (Koolen, Goudbeek, & Krahmer, 2013; Rubio-Fernandez,
2016; Long, Moore, Mollica, & Rubio-Fernandez, 2021).
The general visual search literature dovetail these findings
as visual search for target objects is much faster in displays
wherein the search-target is similarly distinctive in colour
(Nagy & Sanchez, 1990; Wolfe & Horowitz, 2017). Fi-
nally, the comprehension literature supports the claim that
overinformative expressions that convey perceptually use-
ful information facilitate referential comprehension, whether
measured by EEG (Tourtouri, Delogu, Sikos, & Crocker,
2019; Tourtouri et al., 2021), eye-tracking (Rehrig et al.,
2021; Rubio-Fernandez, 2021), or response times (Paraboni,
Van Deemter, & Masthoff, 2007; Rubio-Fernandez, 2021).

However, the generalisability of the perceptual efficiency
view of reference remains constrained. The vast majority of
experimental research supporting the view manipulates the
perceptual distinctiveness of colour as the attribute of re-
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dundancy (“the blue cup” in a display with just one cup).
Likely due to the inherent challenge in finding naturalistic
attributes with no colour association, no research has ma-
nipulated perceptual discriminability in psychophysical terms
using alternative, non-relative object attributes such as ma-
terial constitution. Operationalised in these psychophysical
terms, perceptual discriminability corresponds to the ease or
difficulty of perceptual search. This operationalisation corre-
sponds closely to the perceptual efficiency view, while avoid-
ing the vague and varied implementations of perceptual dis-
tinctiveness. Nevertheless, such manipulations have to date
only been invoked using colour-redundant attributes (Rubio-
Fernandez, 2021).

The lack of research into the effect of discriminability for
alternative attributes presents a further difficulty for the per-
ceptual efficiency view: a ubiquitous experimental finding
is that speakers redundantly mention an objects’ colour far
more often than alternative attributes such as size or mate-
rial constitution (Degen, Hawkins, Graf, Kreiss, & Goodman,
2020; Jara-Ettinger & Rubio-Fernandez, 2022; Kursat & De-
gen, 2021; Pechmann, 1989; Sedivy, 2003, 2004; Van Gom-
pel, Van Deemter, Gatt, Snoeren, & Krahmer, 2019; Viethen,
van Vessem, Goudbeek, & Krahmer, 2016; Koolen, Gatt,
Goudbeek, & Krahmer, 2011). Proponents of the percep-
tual efficiency view argue that this colour asymmetry must be
attributed to colours high perceptual distinctiveness relative
to alternative perceptual attributes such as material (Rubio-
Fernandez, 2021; Koolen et al., 2013; Van Gompel et al.,
2019; Kursat & Degen, 2021). However, in principle it is un-
likely that colour information is more perceptually distinctive
than alternative perceptual information sources in every en-
vironment; yet no work has investigated whether the colour-
asymmetry is reversed when an alternative attribute (such as
material) is made more or less perceptually discriminable
than colour in a referential environment. These limitations
suggest that the hypothesised perceptual drivers of reference
production may only apply to reference about colour, rather
than being a domain-general principle.

The Present Study
Manipulating the perceptual discriminability of non-relative
naturalistic attributes presents a methodological challenge,
likely explaining the lack of psychophysical manipulation of
non-colour attributes in prior studies. While researchers can
exploit the continuous nature of colour space to manipulate its
perceptual discriminability (Viethen et al., 2016), there is no
analogous continuum for, e.g., material constitution, through
which discriminability can be psychophysically manipulated.

We introduce several experimental innovations to meet
this challenge. First, we manipulate the perceptual discrim-
inability of material constitution through the auditory modal-
ity; this enables us to create a continuous auditory per-
ceptual space between two distinct material impact sounds.
Further, we adopt established experimental techniques from
psychophysics to calibrate the perceptual discriminability of

colour (visual) and material (auditory) for each individual
participant (Leek, 2001). This use of auditory stimuli re-
quires participants to describe referential scenes from work-
ing memory as auditory components of the stimuli cannot be
presented simultaneously: it must be presented sequentially,
with each sound disappearing before the following sound oc-
curs. To ensure equal memory load for both colour and ma-
terial, we also presented the visual aspects of the stimuli in
precisely the same manner. This differs from prior research
that has largely made use of static director-tasks, wherein all
objects are static and perceptually available during descrip-
tion (e.g., Degen et al., 2020; Koolen et al., 2013; Kursat &
Degen, 2021; Rubio-Fernandez, 2021).

While employed to address the challenge of creating vi-
able naturalistic stimuli, describing properties inferred from
auditory information using working memory has several ad-
vantages. First, while visually discriminating material consti-
tution is difficult (as indicated by search times, (Kursat & De-
gen, 2021; Jara-Ettinger & Rubio-Fernandez, 2022)), humans
can easily discriminate material constitution from impact
sounds (Fujisaki, Goda, Motoyoshi, Komatsu, & Nishida,
2014). For example, listeners can almost perfectly discrim-
inate between material categories such as wood and metal on
the basis of an impact sound (Giordano & McAdams, 2006;
Traer, Cusimano, & McDermott, 2019). Second, probing
referential patterns for properties inferred from audition al-
lows us to generalise the perceptual efficiency view across
modalities, capturing many instances of real-world refer-
ence. Finally, we achieve even greater generalisability given
the use of working memory, as reference to objects from
working memory captures many realistic referential contexts
(e.g., “that red bike that just went past”). Thus, we provide
the strongest validation of the perceptual efficiency view in
explaining the richness of reference processing, extending
across modalities and beyond static environments.

Using this audio-visual context and description from work-
ing memory, we operationalise and manipulate the perceptual
discriminability of colour (visual) and material (auditory). In
a reference-production task, speakers describe objects (base-
ball bats), each with a colour (inferred from visual proper-
ties), and a material (inferred from auditory properties). We
manipulate two components relevant to the hypothesis that
reference is driven by perceptual discriminability.

First, we manipulate the discriminability of attributes;
this manipulation is split into three display type condi-
tions: 1) Baseline, where the sufficient attribute1 and the
redundant attribute are both of high discriminability; 2)
Sufficient-High/Redundant-Low (S-High/R-Low), where the
sufficient attribute is of high-discriminability, and the re-
dundant attribute is of low-discriminability; 3) Sufficient-
Low/Redundant-High (S-Low/R-High), where the sufficient
attribute is of low-discriminability, and the redundant at-

1We call an attribute ’sufficient’ if the attribute alone provides
enough information to successfully demarcate an object: e.g., ”the
green bat” in a scene with two blue bats and one green bat.
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tribute is of high-discriminability. The perceptual efficiency
view predicts that speakers will overinform most often in S-
Low/R-high displays, as overinformativeness is required to
ground reference in a high-discriminability attribute in this
condition.

Second, we manipulate whether colour or material is the
redundant attribute. The perceptual efficiency view posits
that the colour-asymmetry in reference is due to colours high
perceptual discriminability in a scene. As we equate the per-
ceptual discriminability of material and colour stimuli using
psychophysical methods, the view predicts that rates of over-
informativity between colour and material will equalise.

Method
All participants completed experiments online. The experi-
ment was programmed using custom Javascript code, using
psiTurk (Gureckis et al., 2016) for back-end architecture. To
ensure a reliable manipulation of perceptual discriminabil-
ity calibrated to each participant, we derive a personalised
set of high- and low-discriminability stimuli for colour (vi-
sual) and material constitution (auditory) by implementing an
adaptive perceptual staircase task similar to that described in
Leek (2001, see left panels Figure 1). With these derived
sets of high- and low-discriminability colours and materials,
we presented participants with a gamified scenario: They are
working quality control at a baseball bat factory, and their job
is to describe the selected bat to a co-worker, using its colour
(encoded visually) and/or material (encoded auditorily). In
this adaptation of the classic director task (Krauss & Glucks-
berg, 1977), three bats are animated to fall sequentially from
left to right (Figure 1: right panel). Combining the mate-
rial sound with the animation creates the impression of an
auditory impact occurring due to the bats falling on a surface.
After displaying all bat animations and sounds, the target is
clearly demarcated with an ”X” (Figure 1: right). Participants
provided written responses to refer to the bat associated with
the target, using either a.) colour, b.) material, or c.) both
(overinformative). The whole experiment took each partici-
pants approximately 40 minutes.

Partcipants

As we planned to use complex psychophysics task online,
we conducted a few pilot studies to check that the stair-
case task was able to determine adequate high- and low-
discriminability stimuli for the director task. We expected
this might be difficult as we have less control to adapt to dif-
ferences in people’s perceptual ability and less control over
presentation equipment than a classic lab study. Fortunately,
we were able to find adequate stimuli for ∼ 75% of pilot
participants. Our power analysis indicated we should tar-
get a sample of 80 participants in the director task. Expect-
ing to exclude participants from the director task for lack of
adequate stimuli, we recruited 120 native English speakers
with no colour-vision or hearing impairments through Pro-
lific. Consistent with ethical approval from the University of

Melbourne. Participants were compensated at a rate of £9.55
per hour.

Materials
We synthesised material-derived impact sounds using the
generative model established by Traer et al. (2019) for four
material sounds: metal, wood, glass, cardboard. Crucially,
Traer et al. demonstrated that listeners cannot distinguish
these synthetic material sounds from high-fidelity, real-world
recordings of the same material. Participants were assigned
to one of two conditions: half to a metal-cardboard condi-
tion, and half to a wood-glass condition. From the partici-
pant’s perspective, materials were always labelled as “wood”
(wood and cardboard) or “metal” (metal and glass). The fact
that glass sounds were mislabelled as metal and that card-
board sounds were mislabelled as wood was unlikely to be
noticed by participants, as humans struggle to distinguish
between metal and glass, and between wood and cardboard
(Traer et al., 2019). To create stimuli for the psychophysical
staircases, we employed a linear interpolation of 10 equally
spaced steps between the modal parameters (amplitude, cen-
tre frequency, decay rate) of the two sounds (wood-to-glass,
cardboard-to-metal). The result was a perceptually smooth
transition between each material. The volume of all sounds
was normalised to ensure consistency.

For the colour stimuli, we derived four co-ordinates from
the CIELAB colour space (blue, green, orange, yellow). Par-
ticipants were assigned to either the blue-green condition, or
the orange-yellow condition, allowing us to generalise across
warm and cool poles in colour space. To derive psychophys-
ical staircases for colour, we employed a linear interpolation
between co-ordinates of the CIELAB space. The CIELAB
space was used for its approximate perceptual uniformity
(Brainard et al., 2003). As colour is of a far more gradient
nature than material, finding a consistent low-discriminability
region of colour space required continuums of a greater num-
ber of steps: we employed 50 equally spaced steps for yellow-
to-orange, and for blue-to-green. The result was a perceptu-
ally smooth transition between the two colours (Figure 2).

Procedure
Participants were randomly assigned to one of four condi-
tions, corresponding to a colour-material combinatorial pair
(wood-metal/blue-green, cardboard-glass/blue-green, wood-
metal/orange-yellow, cardboard-glass/orange-yellow). First,
participants proceeded through the adaptive perceptual stair-
cases to identify perceptual regions of high and low per-
ceptual discriminability for both colour and material. For
each attribute, participants completed the two staircases
simultaneously–at opposing ends–with interleaved trials. For
example, participants began one staircase beginning at wood
and ending at metal, and one beginning at metal and ending
at wood simultaneously (as labelled in their respective condi-
tions).

Each staircase began with a high-discriminability stimu-
lus. When participants correctly label the material source of
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Figure 1: Illustration of Experimental Procedure. Left: participant view showing staircases of material (auditory) and colour (visual).
Participants classify sounds as wood or metal, and colours as yellow or orange/blue or green. Middle: example of a single staircase for one
participant. Right: participants view of a single example trial during the director task. Participants observe three bats, all of which fall from
the top of the screen to the bottom, where they hit an invisible surface. The moment the bats hit the surface, participants hear the auditory
impact sound of wood or metal, of high or low perceptual discriminability (depending on the trial condition). In this trial, colour is highly
discriminable, and Sufficient to establish reference. Supposing that material (Redundant) is high-discriminability, the presented trial would be
a Baseline condition. If material was low-discriminability, the trial would be a Sufficient-High/Redundant-Low trial. Note that contrary to the
image shown, the bats do not remain on the screen. Each individual bat disappears before the following bat appears, presented sequentially
left-to-right.

.

Figure 2: The Two Colour Continuums Used. Red square outline
denotes illustrative examples of low-discriminability colour regions:
in the actual experiment, these are calibrated to each participants
individual region.

the sound, they progress in the staircase (towards the other
end). Note that our task is unique in that there is no inherently
“correct” identification, but a label is condidered correct if is
it the label associated with the starting stimulus. E.g., if the
staircase starts with metal, and a participant identifies a stim-
ulus as metal, this is a correct identification; if they identify
a stimulus as wood in the same staircase, this is an incorrect
identification.

With a correct material identification, participants pro-
gressed one step; however, with a correct colour identifica-
tion, participants progressed five steps (due to the increased
number of steps in the colour continuum), but only until their
first incorrect identification. After their first incorrect identi-
fication, they progress four steps; after their second incorrect
identification, two steps; after their third, they move up and
down the staircase one step at a time. When participants in-
correctly label a stimulus, this is called a reversal. For exam-
ple, a reversal occurs when a participant identified the previ-
ous step as wood, but then identifies the current step as metal.
After five reversals, participants must correctly label the stim-

ulus once more (likely when the immediately preceding re-
sponse was incorrect). This stimulus of the final correct iden-
tification was defined as the stimulus of low-discriminability.
In contrast, a stimulus was defined as high-discriminability
if it met three conditions: 1.) The participant had a reversal
count of 0 in the staircase thus far; 2.) The stimulus was “cor-
rectly” identified as its source colour/material; 3.) the current
step in the continuum was less than or equal to 2.

If the staircase identified high- and low-discriminability
exemplars of material and colour, participants continued the
experiment and the exemplars were used in the director task.
In this task, there were 48 critical trials (24 colour-redundant,
24 material-redundant), which were split into 12 Baseline tri-
als, 12 Sufficient-High/Redundant-Low (S-High/R-Low) tri-
als, 12 Sufficient-Low/Redundant-High (S-Low/R-high) tri-
als, and 12 fillers. Participants described baseball bats with
an associated colour and material to a hypothetical listener
(Krauss & Glucksberg, 1977, see the Director Task). Prior to
the experiment, participants were introduced to an image of
their hypothetical listener (named Ralph), and were informed
that Ralph was equally adept at finding bats using material or
using colour.

In each trial, three bats fell from the top of the screen in
a sequence from left to right (Figure 1: right panel). Each
bat fell for 800 ms before hitting the invisible surface on the
bottom of the screen, where they produced the material im-
pact sound (1 s in duration). They remained on the screen
(visually) for an additional 1.7 s before disappearing as the
following bat began to fall. Once all bats were presented,
an “X” appeared at the target’s location, and the participants
provided their descriptions as written responses.

We employed moderate feedback during the reference-
production phase. If participants failed to uniquely demarcate
the referent from the surrounding objects, a thumbs down ap-
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Figure 3: Dots represent individual participant means. Lines repre-
sent bootstrapped 95% confidence intervals.

peared on the screen. If participants succeeded in unique de-
marcation, a thumbs up appeared (regardless of whether the
expression was overinformative or not).

Results
From our initial sample of 120 participants, 43 participants
did not have adequate stimuli for the director tasks from the
staircases, leaving us with 77 participants. We excluded an
additional five participants for achieving correct reference on
less than 80% of the trials in the director task (which usually
has near perfect accuracy)2. In line with prior research, we re-
stricted analysis to trials with identifiable references. The ex-
cluded non-identifiable references were not systematic across
conditions (< 5% of the individual participants’ trials), and
were therefore attributed to brief lapses of attention and only
those individual trials were removed (201 trials total). Addi-
tionally, 1 random trial from each participant failed to record
due to software error.

The remaining data from critical (non-filler) trials (72 par-
ticipants, 2785 trials) were analysed using R (R Core Team,
2023, Version 4.3.2). We employed Bayesian Mixed Effects
Logistic Regressions (main effects and by-subject intercepts)
using brms (Bürkner, 2017) with N (0,2) priors over regres-
sion coefficients, chosen using prior-predictive checks. Each
analysis used dummy-coded contrasts (references: Material-
Redundant, S-Low/R-High).

To recap, the discriminability account predicts that 1) rates
of overinformative reference will be higher for S-Low/R-
High displays than S-High/R-Low displays and Baseline dis-
plays. Assuming discriminability is the only driver of over-
informativeness, the account also predicts that 2) rates of
overinformativity between attributes (Colour-Redundant vs

2Some responses were also indicative of fatigue effects (e.g., giv-
ing up with the experiment and typing qqq as the response to all
remaining trials). We excluded all trials from such participants.

Effect β SE 95% CI
LL UL

Intercept -1.10 0.40 -1.90 -0.33
Colour Redundant 1.41 0.11 1.19 1.64
Baseline -0.97 0.13 -1.24 -0.71
S-High/R-Low -1.13 0.13 -1.39 -0.87

Table 1: Regression Results. SE = Standard Error; 95% CI =
Bayesian 95% Credible Intervals.

Material-Redundant) should be no different.
As can be seen in Figure 3, participants were more likely to

overinform in the S-Low/R-High condition compared to base-
line (both attributes high-discriminability) and S-High/R-
Low. Simply put, participants overinformed more often
when doing so was required to ground reference in a high-
discriminability attribute. Precisely supporting the perceptual
efficiency view, the statistical results are presented in Table 1.

Contrary to the perceptual discriminability hypothesis,
rates of overinformativeness were higher when colour, rather
than material, was the redundant attribute (Table 1). As the
discriminability of redundant colour and material information
were controlled using the staircase, the perceptual discrim-
inability hypothesis cannot account for this result.

Discussion
The present study provides a strong empirical test of the per-
ceptual efficiency view (Jara-Ettinger & Rubio-Fernandez,
2022; Kursat & Degen, 2021; Rubio-Fernandez, 2019), ad-
dressing key constraints on its generalisability as the driver
of overinformativeness. In accordance with the hypothe-
sis, we found that participants overinform more often when
the expression of redundant information is required to an-
chor reference in high discriminability object attributes. No-
tably, the observed patterns of overinformativeness cannot
be attributed to a global reduction in the perceptual discrim-
inability of an object: Speakers did not overinform more
often when redundancy would ground reference in a low-
discriminability attribute. Rather, speakers overinformed
more often when the redundancy would ground reference in
a high-discriminability attribute. Moreover, speakers overin-
formed more often when the uniquely demarcating attribute
was of low discriminability as opposed to high discriminabil-
ity. In these contexts, grounding reference in an alternative,
high-discriminability attribute is hypothesized to facilitate lis-
tener comprehension. Contrastingly, in cases where there is
a uniquely demarcating high discriminability attribute, there
is a lesser need for redundancy, as speakers can ground ref-
erence in high-discriminability attributes without the use of
overinformativeness. Thus, the results follow the patterns of
speakers oriented toward the perceptual facilitation of the lis-
teners search. Additionally, the results demonstrate that per-
ceptual discriminability is an attribute-general driver of refer-
ence production, applicable across attributes and modalities.
Our results therefore provide more evidence against classical
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notions of reference production which characterise overinfor-
mativeness as inefficient (Grice, 1975; Zipf, 1949).

At a fine-grained level, the influence of perceptual discrim-
inability could be attributed to varied general communica-
tive strategies: first, speakers could follow a general strategy
of mentioning all high-discriminability attributes in a scene,
largely ignoring whether attributes are sufficient or redun-
dant. The present study shows that this is unlikely: if this
were the case, we would observe comparable rates of over-
informativeness in both Baseline conditions (all attributes
high-discriminability) and Sufficient-Low/Redundant-High
(S-Low/R-High) conditions. In both cases, mentioning all
high-discriminability attributes results in overinformative-
ness. In contrast, speakers were more likely to overinform
in S-Low/R-High, where the discriminability of the sufficient
attribute was low. This could suggest two alternative strate-
gies: a.) speakers may follow the strategy of mentioning at
least one high-discriminability property or b.) speakers may
buffer their expressions with high-discriminability redundant
attributes when the uniquely demarcating property is unreli-
able, carrying a high risk of communicative failure. Disentan-
gling these alternatives presents a promising avenue for future
work.

Another finding is that speakers overinform more often us-
ing redundant colour attributes, as opposed to redundant ma-
terial attributes. In recent years, colours’ asymmetric use in
reference has been attributed to its high perceptual distinc-
tiveness in comparison to alternative attributes such as mate-
rial constitution, pattern, and shape (Jara-Ettinger & Rubio-
Fernandez, 2022; Koolen et al., 2013; Kursat & Degen, 2021;
Long et al., 2021; Rubio-Fernandez, 2019; Van Gompel et
al., 2019). Operationalising distinctiveness in psychophysi-
cal terms, the present findings suggest that perceptual distinc-
tiveness alone cannot fully capture this effect. Naturally, this
raises the question of why colour should have such a central
role in physical reference. We offer two speculations.

First, the distinctiveness of environmental attributes may
have influence on perceptual reference beyond the dynamics
of an immediate scene. Colour terms are highly optimised for
perceptual communication, maximising the perceptual dis-
tance between and minimising the perceptual distance within
basic colour categories (Abbott, Griffiths, & Regier, 2016;
Regier, Paul, & Khetarpal, 2007). While functional optimal-
ity of this nature may be a general principle of communica-
tion across varied semantic domains (Kemp & Regier, 2012,
e.g.,), common terms for material categories such as “wood”
and “metal” may be suboptimal with respect to perceptual
search—this assertion is supported by the comparative su-
periority of colour over material evidenced by visual search
times (Jara-Ettinger & Rubio-Fernandez, 2022; Kursat & De-
gen, 2021). Learning that colour information is highly useful
across many varied perceptual contexts, speakers could come
to rely on colour information as a general strategy of refer-
ence, giving colour a privileged role in perceptual modifica-
tion. Therein, the disproportionate use of colour may reflect

prior successes in perceptual communication.
Alternatively, colour may simply be more central to the

communicative patterns and referential goals of English
speakers. The use of colour in language is known to cor-
relate with how much colour-variation within object classes
occurs in the environment (E. Gibson et al., 2017), as well as
colours’ perceptual prominence in the environment (Wnuk,
Verkerk, Levinson, & Majid, 2022). Given these facts, it
is notable that while all objects have an associated colour,
and indeed often have many colours, the relevance of mate-
rial constitution is largely restricted to specific artifacts. This
is likely to make colour more generally useful to the average
speaker. This general utility may spill-over into referential
patterns when speakers are made to refer in a context such
as the present experiment, where colour and material are of
equal utility and relevance. It should be noted, however, that
the more pronounced relevance of colour in the present ex-
periment might instead be attributed to speakers finding vi-
sion more relevant to communication than audition: speakers
could generally consider an objects visual properties more
relevant to their communicative goals than they do auditory
ones. While we cannot dissociate the possibility that modal-
ity (audio–vision) as opposed to attribute (colour–material) is
driving the comparative advantage of colour in the present
study, this is currently being investigated by the authors
in follow-up work, wherein high-discriminability colour is
being compared to alternative, highly-discriminable visual
properties that are known to guide visual attention in bottom-
up processes (Wolfe & Horowitz, 2017).

The two core takeaways of this study are 1.) the colour
asymmetry persists beyond discriminability manipulation,
and 2.) discriminability is an attribute-general driving fac-
tor of referential expressions. Following recent accounts,
we have shown that overinformativeness in reference can
arise from communicative strategies that facilitate listener
comprehension (though they need not be explicitly listener-
oriented; see Wu & Gibson, 2021): this is consistent with re-
cent theoretical advances positing that communication is op-
timised for its functional utility (Ferreira, 2019; Gibson et al.,
2019). A further challenge lies in explaining the mechanisms
through which speakers learn to deploy efficient communica-
tive strategies, and to what extent these strategies are implicit
or deliberative.
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