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ABSTRACT
Studies of object similarity have focused on the relationship between different
physical objects and their mental representations or between instances of the
same physical object and its mental representation. The present study is the
first to investigate the structure of within-category psychological space. We
provided evidence that large objects and frequently mentioned objects are
perceived as less similar to each other compared to small objects or less
frequently mentioned objects. Further, similarity judgments were higher for
manipulable objects compared to non-manipulable objects. The relevance of
these data to the isomorphism between physical and psychological spaces is
also discussed.
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Similarity affects categorization and recognition performance depending on
changes in viewing conditions and therefore plays a central role in object rep-
resentation theories. Indeed, a particular object never appears quite the same
to the point that slight differences between two instances of the same object
may sometimes appear greater than differences between distinct objects.
According to Shepard’s universal law of generalization (Shepard, 1987; also see
Chater & Vitanyi, 2003), which is one of the few general psychological laws
that govern human cognition, the probability of perceiving two objects as
being similar is a negative exponential function of the distance between them
in an internal psychological space. A psychological space can be considered to
be analogous to physical space, where the location of an object is determined
by its positions on a set of dimensions. The dimensions defining an object’s phys-
ical space include spatial coordinates, whereas the dimensions defining an
object’s psychological spacemight include colour, shape, or functional attributes.

Research so far has focused on the mechanisms allowing subjects to recog-
nize a given object by comparing its properties with the properties of an
internal representation held in long-term memory. Research has also
focused on how the relationships between two object representations
might influence the relationships observed between two physical objects.
Casasanto (2008) as well as Boot and Pecher (2010), for instance, reported
that spatial proximity affects people’s similarity judgments of corresponding
concepts such that two objects standing close to each other are perceived
as being more similar than two objects standing far from each other. Never-
theless, similarity studies have never explored the structure of within-category
psychological space. The present study employed language stimuli to directly
tap into the relationships between same-category objects in psychological
space. We hypothesized that the isomorphism between psychological and
physical spaces along dimensions such as physical size, manipulability, and
familiarity (e.g., word frequency) could affect similarity judgments of same-
category object representations.

In our study, participants (N = 22) were first presented with one of 100
plural names of non-manipulable objects (animals such as “wolves” or
“doves”) or of manipulable objects (plants such as “cabbages” or “peas”)
chosen at random. Fruit and vegetables are considered to be highly manipul-
able because they can be grasped and used for various purposes, whereas
living things are much less manipulable even when graspable because they
cannot be held in one place for any foreseeable period or time, nor can
they fulfil a specific functional usage (Salmon, McMullen, & Filliter, 2010). Par-
ticipants’ task was to judge the likelihood that a similarity statement about
objects belonging to the same category was true. Specifically, after reading
the word “wolves”, for instance, they rated the statement “They can be
easily mistaken for each other” on a scale from 0 (“not very likely”) to 10
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(“very likely”). Objects were of various sizes, as determined from a rating study
where participants rated objects on a scale from 0 (“not very big”) to 10 (“very
big”). The similarity judgments we obtained are summarized in Figure 1. We fit
a linear model to the data and obtained inverse effects of size and frequency
on similarity ratings, adjusted R2 = 0.436, F(2, 97) = 39.41, p < .001. We further
investigated whether manipulability plays a role in similarity judgments by
selecting the names of 20 animals from the list of 100 objects, which had
been judged to be smallest and the names of 20 plants matching them in
object size and word frequency. The t-test over similarity ratings for the two
types was significant (2.92, p = .005), indicating a direct effect of object manip-
ulability on similarity ratings.

Taken together, our results demonstrate that large objects and frequently
mentioned objects are perceived as being less similar to each other compared
to small objects or less frequently mentioned objects. Interestingly, although
object manipulability as well as word frequency might suggest a rather high
degree of familiarity, they yielded opposite effects such that manipulable
objects were perceived as being more similar to each other than non-manip-
ulable objects. We attribute this effect to a certain tendency towards extend-
ing body ownership to those objects that people can easily manipulate, which
results in a reduced ability to discriminate between inalienable objects.
Indeed, as shown in Clark (2004) and in Schultz and Kuiken (2011), for

Figure 1. Size judgements on a scale from 0 (“not very big”) to 10 (“very big”) for 100
objects (A), similarity judgments in a scale from 0 (“not very likely” for objects to be
easily mistaken for each other) to 10 (“very likely” for objects to be easily mistaken for
each other) as a function of object size (B) and word frequency (C) for the 100
objects, and as a function of type that is, manipulability for 20 big objects and 20
small objects matched for word length and frequency (D).
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instance, manipulable objects are often experienced as extensions of one’s
body, which in turn facilitate cross-modal integration in peripersonal space
(Van Elk & Blanke, 2011). Alternatively, manipulable objects are perceived as
being similar to each other because they can be made to occupy a very
limited space (e.g., they can be stacked up in piles).

The data confirm our hypothesis that physical and psychological spaces are
isomorphic thereby allowing physical characteristics to affect the structure of
psychological space. The data further allow us to draw an intriguing con-
clusion, namely that people usually sample a relatively equal number of
objects from any given category or adjust their viewing point so as to
obtain perceptual fields that are equivalent in size. Therefore, since a
certain number of small objects occupies less physical space compared to
the same number of large objects (e.g., a hundred ants might occupy the
same floor surface as three people), humans tend to judge objects which
are tightly grouped together and thus need little functional space (e.g., for
bending forward, stretching their limbs, or stepping aside) as having a high
degree of similarity. In contrast, large objects are perceived as being more
sparsely grouped because they need considerable functional space; hence
they will appear less similar to each other (cf. Shepard’s law of generalization).
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Visual long-term memory has weaker fidelity than
working memory
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ABSTRACT
Recent research suggests that visual long-term memory (VLTM) and visual
working memory (VWM) possess similar resolution for feature memory. We
investigated resolution in more holistic terms, exploiting a two alternative
forced choice (2AFC) procedure and injecting noise into stimuli. Participants
were exposed to two real-world objects per trial in a VWM experiment. One
object was tested after a short delay. The other object (from each trial) was
tested in a later session. We observed better performance for VWM, and the
two systems were affected by noise in distinct ways. These results have broad
implications for theories of visual memory.
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Although visual working memory (VWM) and visual long-termmemory (VLTM)
are thought to be distinct systems (Broadbent, 1957; Jonides et al., 2008), they
also clearly interact with and depend on one another in a variety of ways.
Indeed, working memory maintenance appears to be a critical step for
long-term encoding (Ranganath, Cohen, & Brozinsky, 2005). An important
set of questions concerning how they interact pertains to the nature of the
representations they employ, their contents, formats, and resolution. Under
the assumption that they traffic in the same representational contents and
formats, recent research has investigated the resolutions of the two systems
in terms of colour. If an object is seen in a particular colour, how precisely
can that colour be recalled on the basis of working memory, and on the
basis of long-term memory? Using a delayed estimation procedure, Brady,
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