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Modality exclusivity norms for
423 object properties
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Recent work has shown that people routinely use perceptual information during language comprehension
and conceptual processing, from single-word recognition to modality-switching costs in property verification.
In investigating such links between perceptual and conceptual representations, the use of modality-specific
stimuli plays a central role. To aid researchers working in this area, we provide a set of norms for 423 adjec-
tives, each describing an object property, with mean ratings of how strongly that property is experienced
through each of five perceptual modalities (visual, haptic, auditory, olfactory, and gustatory). The data set
also contains estimates of modality exclusivity—that is, a measure of the extent to which a particular property
may be considered unimodal (i.e., perceived through one sense alone). Although there already exists a number
of sets of word and object norms, we provide the first set to categorize words describing object properties
along the dimensions of the five perceptual modalities. We hope that the norms will be of use to researchers
working at the interface between linguistic, conceptual, and perceptual systems. The modality exclusivity
norms may be downloaded as supplemental materials for this article from brm.psychonomic-journals.org/

content/supplemental.

Concept properties, also termed object attributes or
semantic features, have long been key to understanding
a wide variety of cognitive phenomena from categoriza-
tion (Medin & Schaffer, 1978; Osherson & Smith, 1981;
Rosch & Mervis, 1975; Sloman & Malt, 2003) to seman-
tic memory deficits (Martin, 2007; Tyler & Moss, 2001;
Warrington & Shallice, 1984), and assumptions of how
concepts and properties are represented also underlie
competing theories in other areas, such as discourse com-
prehension (e.g., Kintsch, 2001; Zwaan, 2004) and infant
word learning (e.g., Cimpian & Markman, 2008; Smith
& Samuelson, 2006). Recent years have seen a conflu-
ence of opinion that conceptual representation cannot be
successfully studied by marginalizing the roles of body,
world, and action, while, at the same time, much empiri-
cal research has highlighted the relevance of perceptual
modalities in conceptual thought.

Modality-Specific Conceptual Representations

In both behavioral and cognitive neuroscience research,
although fine-grained sensory distinctions have long been
noted, more recent work has highlighted the continuity be-
tween conceptual and perceptual knowledge with respect
to the different sensory modalities. Such findings relate to
embodied theories of cognition, which argue that concep-
tual thought is grounded in the same neural systems that
govern sensation, perception, and motor control (Barsa-
lou, 1999, 2008; Glenberg & Kaschak, 2002; Johnson-
Laird, 1983; Pecher & Zwaan, 2005). For example,

Gonzalez et al. (2006) found that passively reading scent-
related words (e.g., cinnamon) increased activation in the
primary olfactory areas of the piriform cortex (similar to
Pulvermiiller’s, 2005, finding of motor cortex activation
for action words). Regarding visual processing, Simmons
et al. (2007) showed that verifying color properties in text
(e.g., that a banana is yellow) led to activation in the same
region of the left fusiform gyrus in the visual cortex as
that activated by a perceptual task that involved judging
color sequences. Similarly, Newman, Klatzky, Lederman,
and Just (2005) examined visual and haptic modalities by
asking participants to compare various objects and found
differential activation in the inferior extrastriate and in-
traparietal sulcus, depending on whether visual features
(e.g., which is bigger? pear or egg) or haptic features
(e.g., which is harder? potato or mushroom) formed the
basis for comparison. Further comparisons by Goldberg,
Perfetti, and Schneider (2006) showed that verification of
color, sound, touch, and taste properties activated cortical
regions associated with encoding visual, auditory, haptic,
and gustatory experiences, respectively, illustrating that
perceptual experience and conceptual knowledge share a
common neural substrate.

Other recent work has focused on the emergence of
perceptual phenomena, such as modality-switching costs,
in conceptual processing (e.g., Marques, 2006; Pecher,
Zeelenberg, & Barsalou, 2003). For example, Spence,
Nicholls, and Driver (2001; see also Turatto, Benso, Gal-
fano, & Umilta, 2002) asked people to indicate the left/
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right location of a series of perceptual stimuli and found
that switching modalities from one trial to the next (e.g.,
from a visual light flash to an auditory tone) incurred a
processing cost. Pecher et al. replicated this paradigm in
a conceptual task by asking people to verify a series of
object properties presented on-screen as text and found
that people were slower to verify a property in a given
modality (e.g., auditory, leaves: rustling) after verifying
a property in a different modality (e.g., visual, apple:
shiny) than after verifying a property in the same mo-
dality (e.g., auditory, blender: loud). Like the modality-
switching costs found by Spence et al. during perceptual
tasks, such costs during conceptual tasks result from the
reallocation of attention from one modality-specific sys-
tem to another.

However, it is overly simplistic to assume that object
properties are conceptually processed only in single,
modality-specific regions of the brain. From philosopher
John Locke (1690/1975) to modern empirical studies
(Amedi, von Kriegstein, van Atteveldt, Beauchamp, &
Naumer, 2005; Connell, 2007; Ernst & Biilthoff, 2004),
many have pointed out that object properties exist in
both multimodal (perceptible by multiple senses) and
unimodal (perceptible by only one of our senses) forms.
For example, whereas the color yellow is normally per-
ceived only through the single modality of vision (i.e.,
color is a unimodal property), the property round would
be considered multimodal, since it can be perceived both
haptically and visually. Such distinctions are extremely
important when considering interactions between lin-
guistic, conceptual, and perceptual systems (see, e.g.,
Connell, 2007) and yet, to date, have been largely ne-
glected in work examining modality-specific activa-
tions in conceptual processing. A common assumption
in empirical studies has been that each object property
or word can be mapped to just one perceptual modality
(e.g., Gonzalez et al., 2006; Marques, 2006; Newman
et al., 2005; Pecher et al., 2003). For example, Pecher
et al.’s classification of rustling as an auditory property
may be problematic if the rustling movement of leaves
can also be visually perceived and represented. Simi-
larly, Newman et al.’s treatment of rough as a purely
haptic feature may introduce unwanted noise, since it is
also possible to gauge surface texture by sight (e.g., we
can tell that a cactus is prickly or that an egg is smooth
without recourse to haptic interaction). Indeed, New-
man and colleagues noted that the intraparietal sulcus,
a region usually involved in visual imagery, was found
to be highly activated when participants were process-
ing the roughness of objects. In short, since many object
properties appear to be perceptible through a number of
modalities, it is essential for researchers seeking robust
experimental designs to avoid assuming unimodal repre-
sentations for multimodal properties.

Purpose of the Norms
Our goal in the present article is to present a set of
norms for a collection of possible concept properties that

measures (1) the degree to which each property can be
perceived through auditory, gustatory, haptic, olfactory,
and visual modalities and (2) the modality exclusivity of
each property (i.e., the degree to which it can be mapped
to a single perceptual modality). Existing sets of norms
that include modality-specific information in their de-
scription of semantic features (McRae, Cree, Seidenberg,
& McNorgan, 2005; Vinson & Vigliocco, 2008) tend to
involve the assumption that an individual feature corre-
sponds to a single perceptual modality. Our empirically
derived measures enable us to calculate an exclusivity
score that allows each object property to be classified as
unimodal, bimodal, or multimodal, while separately con-
sidering the representational strength on each perceptual
modality. Such information on modality exclusivity can
be used in conjunction with existing large-scale semantic
feature norms (e.g., McRae et al., 2005) and psycholin-
guistic databases such as the MRC (Wilson, 1988) and the
English Lexicon Project (Balota et al., 2007). In experi-
ments in which modality-specific conceptual representa-
tions are of interest, the norms presented here will help to
reduce noise in stimulus sets and will allow more subtle
main effects and interactions to be detected and explored.
By making these norms available, we hope that they will
prove useful to researchers interested in testing theories
of language comprehension, mental representation, and
the interactions between our perceptual and conceptual
systems.

MODALITY NORMING STUDY

Method

Participants. Fifty-five native speakers of English participated
in the experiment for course credit or a fee of £5. The participants
were recruited via university e-mail lists and notice boards and had
no reported sensory or reading disabilities. The data from 1 partici-
pant who failed to complete the task correctly were removed prior
to analysis.

Materials. A set of 423 words was collected from a range of
sources (dictionaries, thesauruses, etc.), where each word described
an object property that could pertain to one or more sensory mo-
dalities (e.g., crackling, glowing, thin, acidic, yellow). All of the
words were prenominal adjectives (i.e., could immediately precede
the noun, as in yellow banana). Although the properties were not
classified a priori, our aim was to generate a wide range of adjectives
covering all five perceptual modalities. This set was then randomly
split into three lists of 141 items, which were presented to the par-
ticipants for rating. The complete set of properties is available in the
archived file (see the Appendix for variables).

Procedure. Properties were presented randomly to the partici-
pants, using Slide Generator software (Tucker, 2007). One prop-
erty was presented per screen, with a line that read, “To what extent
do you experience something being worD” (with the wORrD slot
filled by the property in question). Underneath this line were five
separate rating scales for each perceptual modality, labeled “by
feeling through touch,” “by hearing,” “by seeing,” “by smelling,”
and “by tasting.”’! The participants were asked to click on the scales
to rate the extent to which they would experience each property
through each of the five senses, from 0 (not at all) to 5 (greatly).
Once the property had been rated on all five modalities, the par-
ticipants clicked on the “Next” button to advance to the subsequent
item. The participants were told that there were no right or wrong
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Table 1
Mean Strength Ratings (0-5), Standard Deviations,
and Standard Errors per Perceptual Modality

Modality M SD SE
Visual 3.57 1.16 0.06
Haptic 2.15 1.60 0.08
Auditory 1.48 1.60 0.06
Olfactory 1.25 1.49 0.07
Gustatory 1.32 1.59 0.08

answers and that they should use their own judgment; they were
also told that if they did not know the meaning of the word, they
should skip it by clicking “Next” straightaway to move on to the
following item. The experiment was self-paced and lasted from
45 to 60 min.

Results and Discussion

The participants’ responses were collated, and mean
ratings per modality were calculated for each property.
Thus, each property could now be represented by a five-
value vector reflecting that item’s experiential strength on
each modality. Most participants were familiar with the
meaning of most of the words (M = 95.5%). We include
these familiarity scores for each item in the data set, rep-
resenting the proportion of participants who believed that
they knew the word’s meaning.

In Table 1, we provide the means, standard deviations,
and standard errors of the means of the ratings for each
of the five modalities. Each property was assigned a
dominant modality (visual, haptic, auditory, olfactory, or
gustatory) according to its strongest perceptual modality
(i.e., the one that received the highest mean rating). Where
ties existed for the strongest modality (4 properties out
of 423), one tied modality was chosen at random for the
dominant label. Table 2 shows the distribution of items
and ratings for each dominant modality.

Relationship between the modalities. Not all the
perceptual modalities were equally distinct, as is shown
in Table 3’s correlation matrix for ratings on the five mo-
dalities and Figure 1’ scatterplot of modality clusters. In
Figure 1, ratings on the five modalities have been reduced
to two factors, using principal components analysis (unro-
tated solution, explaining 74.8% of the original variance).
There were significant correlations for the majority of
the modality pairs, although most of them were negative
and weak to moderate. Indeed, auditory ratings correlated
negatively with all the other modalities, which, together
with its distinct cluster in Figure 1, suggests that audi-
tory experience has little in common with other types of
perceptual experience. The strongest positive relationship
was between the olfactory and gustatory modalities (as
shown by their clustering in Figure 1), which is perhaps
unsurprising given the close association between the taste
and smell of foodstuffs. To a lesser extent, a positive re-
lationship also appeared in the visual-haptic cluster, in-
dicating that many properties experienced through touch
can also be seen. Only gustatory and haptic ratings showed
no appreciable relationship.

Modality exclusivity. Modality exclusivity is a mea-
sure of the extent to which a particular property is per-
ceived through a single perceptual modality. Where each
property has a vector containing mean strength ratings for
all modalities, modality exclusivity is calculated as the
range of values divided by the sum. Thus, modality exclu-
sivity scores range from 0 to 1 (i.e., 0% to 100%), where
an entirely multimodal property (scoring equally strongly
on all perceptual modalities) will have the lowest modality
exclusivity score of 0% and an entirely unimodal property
(scoring zero on all but one perceptual modality) will have
the highest modality exclusivity score of 100%. Modality
exclusivity scores in the norms ranged from 9.6% to 98%,
with an overall mean 0f46.1% (SD = 16.9%; see Table 2 for

Table 2

Number of Properties per Dominant Modality, With Mean Strength Ratings (0-5)

on the Five Perceptual Modalities and Modality Exclusivity Scores

Strength

Dominant Modality
Modality ~ Visual  Haptic  Auditory  Olfactory  Gustatory  Exclusivity N
Visual 44 2.3 1.0 0.8 0.7 49% 205
Haptic 3.4 4.3 1.1 0.7 1.3 37% 70
Auditory 23 0.7 4.6 0.2 0.2 57% 68
Olfactory 22 0.8 0.4 4.5 2.5 43% 25
Gustatory 2.8 1.1 0.4 33 45 35% 55
Table 3
Correlation Matrix for Mean Strength Ratings per Item
on the Five Perceptual Modalities
Modality

Modality ~ Visual  Haptic ~ Auditory  Olfactory  Gustatory

Visual 1 378" —.340™ —.269™ —.249™

Haptic 1 —.238™" —.233" —.086

Auditory 1 —.360™ —.346™

Olfactory 1 .782*

Gustatory 1

“p <.001 (two-tailed).
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Figure 1. Scatterplot of relationship between properties, labeled by dominant modality,
with relative strength on five perceptual modalities reduced to two dimensions by principal

components analysis (PCA).

means per dominant modality). Exclusivity scores differed
across dominant modalities [F(4,418) = 25.06, p < .001],
reflecting the clustering shown in Figure 1. Comparisons
with Bonferroni corrections showed that properties with
auditory dominance scored higher in modality exclusivity
than did those for all the other perceptual modalities (all
ps < .01). Properties that were predominantly visual were
the next most exclusive, more so than haptic and gustatory
properties (ps < .001) but equivalent to olfactory prop-
erties (p > .7), which were in turn more exclusive than
gustatory properties (ps < .05), but not haptic properties
(p > .4). Modality exclusivity was equally low for proper-
ties with gustatory and haptic dominance (p > .99).
Since the collected ratings indicate how strongly a prop-
erty is perceived through a particular modality, they can
also be used in conjunction with the modality exclusivity
score to generate fine-grained distinctions in experimen-
tal materials. For example, if the experimenter requires
a set of unimodal object properties, only items with a
high modality exclusivity score should be chosen (e.g.,
65% or higher), leaving the corresponding strength on the
dominant modality to be similarly restricted or treated as
a covariate. On the other hand, if an experimenter wants

to concentrate on bimodal visual-haptic properties, items
could be limited to only strongly visual-haptic words
(e.g., a rating 3.5 or higher on both modalities), where,
this time, the modality exclusivity score could be re-
stricted or treated as a covariate. We suggest that a reason-
able means of categorizing modality strength (when each
modality is quantified separately on a 0—5 ratings scale)
would be 0—1.5 (weak), 1.5-3.5 (moderate), and 3.5-5
(strong). Similarly, modality exclusivity scores could be
categorized as 0%—35% (low), 35%—65% (moderate),
and 65%—100% (high). Table 4 gives a sample of items
from the data set that have been characterized according
to these guidelines.

EVALUATION OF THE NORMS

In order to test our claim that these norms will allow
researchers to detect more subtle modality-specific ef-
fects during conceptual processing, we ran a replication
of Pecher et al.’s (2003) modality-switching cost experi-
ment. Pecher et al. found that people incurred a process-
ing cost when switching attention from one modality to
another (e.g., from auditory leaves: rustling to visual



562 LyNOTT AND CONNELL

Table 4
Examples of Items From the Main Data Set, Along With Mean Strength Ratings (0-5)
for the Five Modalities and Modality Exclusivity Scores

Strength Modality
Property  Visual Haptic  Auditory  Olfactory  Gustatory  Exclusivity Characterization
Brunette 4.8 0.0 0.1 0.0 0.0 98% Unimodal visual (high exclusivity)
Sparkly 4.6 1.3 1.2 0.1 0.2 60% Unimodal visual (moderate exclusivity)
Jagged 4.7 4.8 0.6 0.2 0.5 42% Bimodal visual-haptic (moderate exclusivity)
Rustling 3.0 2.5 4.7 0.6 0.2 41% Multimodal auditory, moderately visual-haptic

(moderate exclusivity)

Fresh 4.0 2.4 1.0 4.5 4.1 22% Multimodal gustatory—olfactory—visual,

moderately haptic (low exclusivity)

apple: shiny) in a property verification task. If controlling
modality strength and exclusivity eliminates cross-modal
noise from the stimulus set (e.g., the auditory word rus-
tling also has a significant visual presence [see Table 4],
which could diminish the attentional cost of switching to
the visual modality for shiny), we should find a lower de-
gree of error in the resulting data set and a greater effect
size for modality-switching costs.

Method

Participants. Twenty-five native speakers of English, with no
reported reading or sensory disabilities, participated in the experi-
ment for course credit. The participants were recruited via university
e-mail lists and notice boards.

Materials. Forty strongly unimodal words were selected per mo-
dality and were attached to relevant objects (e.g., moth: speckled,
keys: jingling). Two independent raters verified the appropriateness
of all 200 attributions. We then formed pairs of object—property
items for sequential presentation by randomly selecting an item
from one modality (to be presented first) and pairing it with an-
other, same- or different-modality item (the target). The pairing of
each target item with its preceding modality was counterbalanced;
for example, a visual item would be presented following another vi-
sual item (the same-modality condition), as well as following haptic,
auditory, olfactory, and gustatory items (the different-modality con-
ditions). Each participant saw every item, but in only one of these
five possible pairs. Thus, every target item appeared in both same-
and different-modality conditions. The strength of target items on
the dominant modality was high (M = 4.52, SD = 0.35), whereas
strength on other modalities was low (M = 1.24, SD = 1.35), result-
ing in moderate exclusivity (M = 0.44, SD = 0.13).

A list of 300 object—property fillers was also created, 250 false and
50 true, to provide an overall balance of 50:50 true:false responses
per participant. As in Pecher et al.’s (2003) Experiment 1, most of
the false fillers were associated in Nelson, McEvoy, and Schreiber’s
(1998) word association norms (e.g.. oven: baked, coffin: dead) in
order to ensure that the participants could not perform the task using
simple word association strategies (Solomon & Barsalou, 2004).

Procedure. The participants read instructions that asked them to
press the button labeled “true” (the comma key) if the property was
usually true of the concept but to press the button labeled “false” (the
period key) if not. We used Pecher et al.’s (2003) example, carnation
can be black, to highlight that, although carnations could theoreti-
cally be black, it would be highly unusual and should be judged as
false. Each trial began with a fixation cross for 200 msec, followed
by the item in the form object can be property, which stayed on-
screen until the participant responded. The participants received
immediate feedback if they responded incorrectly or too slowly
(more than 2,000 msec), and each trial ended with a 200-msec blank
screen. A practice session of 24 items, half true and half false, pre-
ceded the main experiment. Critical pairs and fillers appeared in a
random order, with a self-paced break every 100 trials.

Results and Discussion

One participant was excluded for having an accuracy
rate of less than 70% on test items. Any target trials
more than three standard deviations away from a partici-
pant’s mean were removed as outliers (1.5% of the data).
Only correct responses were analyzed, with comparable
error rates across conditions (different = 7.1%, same =
6.9%).

People took longer to process object properties that
were from a modality different from that on the previous
trial (M = 1,117 msec, SD = 105.6) than those from the
same modality (M = 1,083 msec, SD = 87.0) [#(23) =
2.81,p = .010]. As was expected, the modality-switching
cost (34 msec) replicated Pecher et al.’s (2003) findings.
Since Pecher et al. did not report explicit effect sizes,
we used G*Power (Faul, Erdfelder, Lang, & Buchner,
2007) to estimate their switching cost effect size, using
the reported means and standard errors for the same- and
different-modality conditions (Experiment 1, SOA =
0 msec), arriving at d, = 0.192. Similar analysis of our
own data revealed a markedly larger effect size of d, =
0.513, which confirms that using our normed words as
stimuli in modality-specific tasks reduces noise in the
data set.2

CONCLUSION

We have presented modality exclusivity norms for a set
of 423 object properties, including ratings of experiential
strength on five perceptual modalities (visual, haptic, au-
ditory, olfactory, and gustatory). Analysis shows that most
properties are multimodal (i.e., perceived through mul-
tiple senses) rather than unimodal (i.e., perceived through
one sense alone), with clustering of visual-haptic and
olfactory—gustatory modalities. When researchers wish
to investigate modality-specific issues in representation,
our evaluation demonstrates that these norms can help
produce cleaner stimulus sets that allow more subtle ef-
fects and interactions to emerge.

The nature of conceptual representation has enjoyed
enhanced attention in recent years, since perceptual and
conceptual processing has been seen as less of a dichot-
omy and more of a continuum. Increasing numbers of
studies seek to increase our understanding of how con-
ceptual thought may be grounded, such as by examining
the representational roles of the sensory cortices or by rep-
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licating perceptual phenomena in conceptual tasks. Our
hope is that the wider research community will find these
norms useful in a broad range of experimental paradigms
in which linguistic stimuli are used to investigate the rela-
tionship between perception and conception.
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NOTES

1. The order of modalities in the rating scales was fixed in this order
to minimize participant errors when moving between items. There is no
evidence in the literature to suggest that switching from one modality to
another causes a qualitative change in the resulting representation (mak-
ing, e.g., a property like murky seem less visual after a participant has
thought about touching and hearing it).

2. The same correlation between conditions ( = .78, taken from our
own study) was used in the calculation of both effect sizes.

SUPPLEMENTAL MATERIAL
The modality exclusivity norms may be downloaded as supplemental

material for this article from brm.psychonomic-journals.org/content/
supplemental.



564

LyNOTT AND CONNELL

APPENDIX
Variables Included in the Norms File
Variable Definition
Item# Number of property word in alphabetical order (1-423)
Property Word that describes target property
Familiarity Proportion of participants that were familiar with the meaning of the property
word (0%—100%)
VisualStrengthMean Mean rating (0-5) of how strongly property is experienced by seeing
HapticStrengthMean Mean rating (0-5) of how strongly property is experienced by feeling through touch
AuditoryStrengthMean ~ Mean rating (0-5) of how strongly property is experienced by hearing
OlfactoryStrengthMean  Mean rating (0—5) of how strongly property is experienced by smelling
GustatoryStrengthMean ~ Mean rating (0—5) of how strongly property is experienced by tasting
VisualStrengthSD Standard deviation of visual strength ratings
HapticStrengthSD Standard deviation of haptic strength ratings
AuditoryStrengthSD Standard deviation of auditory strength ratings
OlfactoryStrengthSD Standard deviation of olfactory strength ratings
GustatoryStrengthSD Standard deviation of gustatory strength ratings
DominantModality Modality through which property is experienced most strongly (i.e., with highest
strength rating)
ModalityExclusivity Extent to which property is experienced though a single perceptual modality (0%—
100%), calculated as range of strength values divided by their sum
BNCFrequency Frequency per million words in the British National Corpus (2001)
BNCLogFrequency Natural logarithm of BNC frequency (one unit was added to the BNC frequency
prior to transform to allow for words of zero frequency)
OrthographicLength Number of letters in property word
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