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Abstract Knowledge of thematic relations is an area of in-
creased interest in semantic memory research because it is
crucial to many cognitive processes. One methodological is-
sue that researchers face is how to identify pairs of themati-
cally related concepts that are well-established in semantic
memory for most people. In this article, we review existing
methods of assessing thematic relatedness and provide the-
matic relatedness production norming data for 100 object con-
cepts. In addition, 1,174 related concept pairs obtained from
the production norms were classified as reflecting one of the
five subtypes of relations: attributive, argument, coordinate,
locative, and temporal. The database and methodology will be
useful for researchers interested in the effects of thematic
knowledge on language processing, analogical reasoning,
similarity judgments, and memory. These data will also ben-
efit researchers interested in investigating potential processing
differences among the five types of semantic relations.

Keywords Thematic relations . Concepts . Semantic
memory . Production norms

Most of our prior knowledge about the nature of thematic pro-
cessing has come from studies in which researchers have di-
rectly compared thematic and taxonomic forms of organization

of concepts in semanticmemory. Taxonomic relations are based
on the comparison of features of concepts (Hampton, 2006;
Markman, 1989), with concepts that have many features in
common often being taxonomically related. Thematic relations,
on the other hand, are defined as those that are built around a
certain theme, event, or scenario (Estes, Golonka, & Jones,
2011). The general consensus is that taxonomic and thematic
relations rely on two functionally distinct, but complementary,
modes of conceptual organization in semantic memory. The
dissociation of taxonomic versus thematic processing has been
documented in behavioral (Borghi & Caramelli, 2003; Lin &
Murphy, 2001; Masuda & Nisbett, 2001; Mirman & Graziano,
2012), neuroimaging (Kalénine, Mirman, & Buxbaum, 2012;
Sachs, Weis, Krings, Huber, & Kircher, 2008; Schwartz et al.,
2011), and patient (Davidoff & Roberson, 2004) studies.
Furthermore, thematic processing has been shown to be as cru-
cial in language comprehension, analogy making, similarity
judgment, and memory processes as is taxonomic knowledge
(for a review, see Estes et al., 2011). Considering how important
thematic knowledge is to many cognitive processes, it is not
surprising that thematic thinking is an area of increased interest
in semantic memory research.

One of the methodological challenges for a researcher ex-
amining thematic relations is that of selecting thematically
related concept pairs. This is not an easy task, because themat-
ic relations are often subjective in a way that individuals might
have different conceptual knowledge of events and situations.
For example, the concepts Bdog^ and Bpark^ might have a
strong thematic link inmemory for dog owners whowalk their
dogs every morning in a park, but not so much for people who
do not have pets. Furthermore, people can imagine a common
event or scenario for almost any two concepts, and thus inte-
grate these two concepts thematically. For instance, even if
one has never experienced the concepts Bdog^ and Bice
cream^ within the same event or scenario, one might be able
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to draw a thematic link between such concepts. Thus, thematic
links are somewhat subjective and can be established between
any two concepts referring to objects that afford interactions.

Researchers deal with these methodological issues by fo-
cusing on conventional thematic relations, defined as relations
that have salient, well-established representations in the se-
mantic memory of most people (Estes et al., 2011). The log-
ical question, however, is how conventional and nonconven-
tional thematic relations can be differentiated. In theory, con-
ceptual relations become conventionalized due to the frequent
co-occurrence of corresponding objects in real-life situations
and in linguistic descriptions of them. Thus, the frequency of
exposure to the same combination of objects within the same
event is what determines the strength of the thematic relations
between concepts in semantic memory and, hence, the degree
of conventionality of a particular thematic relationship.

In practice, this methodological issue has been addressed in
a number of ways in prior studies of thematic processing.
First, some researchers do not elaborate on the methodology
of stimulus selection, which presumably indicates that they
relied solely on their own intuition in deciding what concepts
are linked by conventional thematic relations (Bonthoux &
Kalenine, 2007; de Zubicaray, Hansen, & McMahon, 2013;
Kalénine et al., 2009). Other researchers have used a relation
verification task to select their materials. In some cases, par-
ticipants classified pairs of concepts as being taxonomically
related, thematically related, or unrelated (Kriukova, Bridger,
& Mecklinger, 2013; Maguire, Brier, & Ferree, 2010). In
others, participants rated on a 7-point Likert scale the extent
to which each pair is linked together in a common scenario or
in a functional relationship (Jones & Golonka, 2012; Kalénine
et al., 2012; Kircher, Sass, Sachs, & Krach, 2009). A slightly
different validation approach was taken by Lin and Murphy
(2001), who asked participants to write a sentence describing
how two given concepts go together to form a category, and,
then, on the basis of these responses, the authors categorized
the pairs of concepts as thematic or taxonomic.

These previously used methods of assessing the conven-
tionality of thematic relations undoubtedly have a number of
advantages, with the ease and speed of identifying the
strengths of thematic links being just a couple of the practical
benefits. On the other hand, these methods are not without
some limitations. For example, relation verification tasks
based on classifying concept pairs as thematic, taxonomic,
or unrelated can provide rough estimates of the strengths of
the thematic links between concepts. Pairs of concepts that are
consistently categorized as thematic are presumably strongly
thematically related. However, variation in the degree of con-
ventionality of thematic relations across items classified as
being thematically related cannot be established with this task.
Tasks using thematic relatedness rating scales, on the other
hand, do capture differences in conventionality, but such rat-
ings are relative to the other items in a list. When participants

are presented with a relatively short list of items consisting of
equal proportions of thematically related, taxonomically relat-
ed, and unrelated pairs of concepts, their ratings tend to be
influenced by the other items in the list. For example,
Bblouse–hanger^ might be rated as more conventional than
it really is due to the fact that its thematic relatedness is
established relative to Bblouse–cherry^ (unrelated) or
Bblouse–shirt^ (taxonomic), which appear in the same list.

Thematic relatedness production norms are an alternative
method for estimating the strength of thematic relatedness and
conventionality of concept pairs. In this type of norming, a
large number of participants can be asked to produce words
corresponding to concepts that they consider to be thematical-
ly related to the presented cue word. Although collecting and
scoring production norms is a lengthy and effortful process,
researchers might acquire more representative data than those
obtained using rating or categorizationmethods. First, produc-
tion norms provide an aggregate of a large number of re-
sponses tapping into the semantic memory of many people.
Thus, thematic production norms are likely to uncover con-
cept pairs that are conventional and generalizable to the pop-
ulation. The second benefit is the improved scope of the rep-
resentation of conceptual memory space that production
norms can provide. Indeed, the results of a relatedness rating
study can inform researchers only about the relationships
existing in selected concept pairs. For example, on the basis
of the relatedness rating results for the pair Bcat–milk,^ a re-
searcher can conclude only that these particular concepts are
strongly related. The data obtained in the production task, on
the other hand, go far beyond that. Since participants are free
to produce any thematically related response to a given cue
concept (e.g., Bcat^), researchers might learn how many and
what other concepts are linked thematically to the given con-
cept (e.g., Bmilk,^ Bmouse,^ Bcouch,^ Bfish,^ Btree,^ etc.), and
how strong these links are in relation to each other. Thus, the
data obtained in the production norms can provide a better
approximation of the organization of networks of thematic
connections for a given concept than do data from relatedness
rating norms.

Thematic production norms share some features with word
association norms (Fernandez, Diez, Alonso, & Beato, 2004;
Nelson, McEvoy, & Schreiber, 2004). In particular, both pro-
vide measures of the production frequency of a particular
word as a thematically related or associated response to an-
other word. Production frequency is interpreted as an index of
the strength of the semantic connection between two concepts
in both types of norms. At the same time, thematic production
norms and word association norms differ in their purposes. In
particular, the instructions make the thematic production
norms more specifically targeted at types of thematic relations
than at the general semantic, and possibly nonsemantic (i.e.,
phonologically or orthographically based), associations that
the word association norms provide. Furthermore, due to the
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fact that word association norm instructions usually limit par-
ticipants to only one response for each cued word, it is possi-
ble that some semantic (including thematic) relations that are
likely to be in people’s memory would not be included in
association norms. Indeed, a priming effect for thematically,
but not associatively, related prime–target pairs (according to
Nelson et al.’s, 2004, norms) has been demonstrated
(Perraudin & Mounoud, 2009). This evidence suggests that
free association norms do not provide a complete description
of the thematic relations existing in people’s memory.
Therefore, the collection of thematic relatedness production
norms that specifically target this type of relation in semantic
memory is an important task. In a number of prior studies
examining thematic thinking (Hare, Jones, Thomson, Kelly,
& McRae, 2009; McRae, Hare, Elman, & Ferretti, 2005), the
researchers selected their stimuli on the basis of production
norms. However, a limited number of items and/or types of
thematic relations were examined in those prior studies.

The aim of the present research was to create freely avail-
able thematic relatedness production norms, and to serve as an
exemplar of this methodology. In the first part of our norming
study, thematically related word responses to 100 cue words
(otherwise unconstrained) were collected. The frequencies of
different responses cued by the same word were computed on
the basis of the data of 100 participants and were taken to
reflect the strength of thematic connections with a cue word.
Thus, for each cue word, a network of concepts linked to it by
thematic links of different strengths was identified. This net-
work provides an approximation of the thematic relations
existing in semantic memory. The thematic relatedness norms
can help researchers in selecting stimuli for studies examining
the effects of thematic knowledge on cognition (e.g., language
processing, memory, analogy making, etc.) or studies investi-
gating differences in thematic versus taxonomic processing.

In the second part of the study, participants classified pairs
of related concepts obtained from the production norms as
reflecting one of the following subtypes of semantic relations:
attributive (e.g., Bbaker–apron^), argument (e.g., Bbear–
fish^), coordinate (e.g., Bbeer–chips^), locative (e.g.,
Bcheese–pizza^), temporal (e.g., Bchurch–Sunday^), or other.
The proposed classification is not exhaustive and does not
include all possible types of thematic relations identified in
prior research (Borghi & Caramelli, 2003; Estes, Golonka,
& Jones, 2011). Furthermore, currently there is not general
agreement about a comprehensive typology of thematic rela-
tions (for a discussion, see McRae, Khalkhali, & Hare, 2012).
It is not clear right now how many types of thematic relations
there are, what these relations are, and whether there are pro-
cessing differences among them. Nevertheless, existing be-
havioral (Hare et al., 2009; Muehlhaus et al., 2013), electro-
encephalographic, and neuroimaging (Muehlhaus et al., 2014)
evidence suggests that subtypes of thematic relations are, in-
deed, distinct, as is indicated by the differential patterns of

responses evoked by different types of thematic relations.
Comparative examination of the nature of subtypes of themat-
ic relations and their underlying processing mechanisms is
currently an important research question in semantic related-
ness research. Therefore, norms even for some, but not all,
types of thematic relations provided in the current research
would be useful for researchers addressing the issue of the
nonuniformity of subtypes of thematic relations.

Out of all possible thematic relations, we decided to focus
on the five subtypes (attributive, argument, coordinate, loca-
tive, and temporal) for a number of reasons. First, in most of
the prior research, investigators have predominantly used
items that exemplified one of these five types of relationships.
For example, in the study of thematic processing by Lin and
Murphy (2001), 40% of the thematically related items were in
locative, 21 % were in argument, 18 % were in attributive,
11 % were in coordinate, and 5 % were in temporal relations.
In the study by Jones and Golonka (2012), 19 % of the the-
matically related items were locative, 11 % were attributive,
8 % were argument, 7 % were temporal, and 6 % were coor-
dinate relations.1 Furthermore, having conducted a prelimi-
nary examination of the production norms obtained in Study
1, we identified that these five types of thematic relations
appeared to be the most common types in our database of
thematically related pairs of words. The data obtained in our
second study will be useful to researchers who wish to inves-
tigate potential processing differences between the subtypes of
thematic relations.

Study 1: Thematic relatedness production norms

Method

Subjects A total of 200 students from the University of
Western Ontario (age: M = 19, SD = 2; 135 females) partici-
pated for course credit. All of the participants indicated that
English was their native language.

Materials and procedures The stimuli were 100 concrete
concepts, most of which have been used in previous studies
of thematic relations (Estes & Jones, 2009; Golonka & Estes,
2009; Lin & Murphy, 2001). The stimuli were randomly dis-
tributed over two lists of 50 words. Each list was presented to
100 participants in a production norming study conducted
online. First, participants were provided with the definition
of a thematic relationship (see Supplemental Material,
Appendix A for the instructions). Then, they were asked to

1 A classification of the thematically related items used in Lin and
Murphy (2001) and Jones and Golonka (2012) according to the subtypes
of relations was conducted post-hoc by the first author and, thus, provides
only a rough estimation of the distribution of types of thematic relations in
their stimuli.
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read the words referring to concrete concepts and to write
down at least three names of other living or nonliving things
that might interact with them or be related to them. The in-
structions stated that participants should come up with words
that correspond to nouns. Participants were also advised
against writing down the names of objects that are taxonom-
ically related to each cue word.

In a number of prior studies, researchers have reported the
existence of an implicit bias toward taxonomic responses, which
is formed, allegedly, as the result of formal education during
which the taxonomic representation of knowledge is favored.
To minimize this bias, we instructed participants to avoid pro-
viding taxonomic responses. A major goal was to avoid the
production of superordinate (e.g., Bcat–animal^) and subordi-
nate (e.g., Bcat–Siamese^) categories. These concept pairs clear-
ly are not thematically related. Themain issue concerns category
coordinates (i.e., similar concepts); some similar concepts do not
participate in thematic relations, and our goal was to minimize
this type of response. For example, we did not want participants
to generate Bjet^ and Bhelicopter,^ given the cue Bairplane.^ On
the other hand, some similar concepts do participate in thematic
relations, such as Bcat^ and Bdog.^ Because we included exam-
ples of similar concepts in our instructions as a type of response
to avoid, thematically related pairs that are also taxonomically
related might be underrepresented in our production norms. On
the other hand, Bdog^ and Bmouse^ were the top two responses
to Bcat,^ and the norms includemany such examples. Therefore,
it appears that participants did indeed produce similar concepts
that also participate in thematic relations.

Results and discussion

The list of cue words and the participants’ responses are pro-
vided online as Supplementary Material A. For each cue
word, the number of people who provided the same response
word was computed. In addition, the number of responses
weighted by the order in which responses were given was
calculated. Thus, the responses given first were multiplied
by 3, the responses given second were multiplied by 2, and
all other responses were multiplied by 1.

The first author coded participants’ responses in such a way
that words referring to the same concept were grouped togeth-
er. In such cases, the counts for the less frequently mentioned
words were added to the counts of the most frequently men-
tioned (and otherwise synonymous) word. For example, in
response to the word Bairplane,^ 11 participants produced
Bflight attendant,^ and two produced Bstewardess.^ These
counts were added together and coded under the most frequent
response, Bflight attendant.^ Decisions about synonymy were
based on information from the www.thesaurus.com and www.
dictionary.reference.com sites, which list words’ synonyms.

Participants’ responses were diverse. On average, 64
unique responses (SD = 11) were produced per cue. There

was a great deal of variability in the production frequencies
of the responses to cue words across participants. Production
frequency can be considered as a measure of conventionality,
meaning that frequently produced pairs are present in seman-
tic memory for many people. Most of the responses were
produced by a single participant or by a few participants only
(i.e., these responses were highly idiosyncratic). For example,
the following responses to the cue Bdog^ were provided by
only one out of 100 participants tested: Bsquirrel,^ Bshepherd,
^ Bshoe,^ Bvet,^ Bhole,^ Bsnail,^ Bbell,^ Bcoat,^ Bpaper,^
Bmailman,^ Bharness,^ Bgarbage,^ Bfish,^ and Bfun.^
Although it is possible to link these concepts within a common
scenario (e.g., Pavlov’s dogs responding to the sound of a
bell), it is likely that the conventionality of these relations is
very low in the population. At the same time, for each target
word, some concept names appeared repeatedly in partici-
pants’ responses. As in many other production studies that
have used a subjective criterion to identify the most typical
responses (McRae, Cree, Seidenberg, & McNorgan, 2005;
Nelson et al., 2004), we decided to examine further only re-
sponses that were produced by at least ten out of 100 norming
participants. In all, 1,174 responses met this criterion, with an
average of 12 conventional responses (SD = 3) being pro-
duced per cue. For instance, the cue Bdog^ evoked the follow-
ing responses in at least ten out of 100 participants: Bleash,^
Bcat,^ Bbone,^ Bball,^ Bpark,^ Bhouse,^ Bkennel,^ Btreat,^
Bdog food,^ Bcollar,^ Bfur,^ Btoy,^ and Btail.^ The assumption
is that these conventional pairs of concepts have strong con-
nections in the semantic memory of many people.

As we discussed in the introduction, the greatest advantage
of the production norms is that they provide researchers not
only with information about the strength of a thematic con-
nection between two given concepts, but also about the rela-
tive rankings of the connections in the conceptual space of a
given item. For example, the strengths of the links in the pairs
of concepts Bdog–leash^ and Bmechanic–tools^ are very sim-
ilar (.39, meaning that 39 out of 100 people gave this response,
vs. .40). If we had ratings for only these two pairs, we would
expect to see no processing differences for these two items
(assuming that all other lexical characteristics known to im-
pact the processing of words were controlled for). However, if
we considered the relative rankings of the responses, we
would note that the response Bleash^ to the cue Bdog^ is the
most frequent one, whereas the response Btools^ to the cue
Bmechanic^ is ranked second (the Bmechanic^ cue evoked the
response Bcar^ most frequently, .76). Hypothetically, this dif-
ference in the rankings of the relatedness of a pair could have a
major impact on the performance in various tasks. For exam-
ple, any model based on the principles of interactive activation
and competition (McClelland&Rumelhart, 1981), such as the
associative read-out model (Hofmann, Kuchinke, Biemann,
Tamm, & Jacobs, 2011), would predict that the strongest the-
matic link should be activated more quickly than a thematic
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link of the same nominal but not the same relative
strength (i.e., it is the second, third, or fourth most strong-
ly related concept), due to the presence of strong compe-
tition from thematic links with higher ranks, in the latter
case.

Similarly, one might expect that the processing of a partic-
ular thematic link would depend on the number of other links
present in the same conceptual space (i.e., the thematic neigh-
borhood). The more Bneighbors^ are in the neighborhood, the
greater the competition among them should be. This increased
competition for selection in dense thematic neighborhoods
might, hypothetically, slow down performance. Thus, one
might predict that people would be slower to process thematic
links in the conceptual space of Bdog,^ which includes 13
concepts linked to it, than to process thematic relations in
the conceptual space of Bvase,^ which has only four concepts
linked to it (Bflower^ = .86, Bwater^ = .63, Bglass^ = .40, and
Btable^ = .19).

Of course, empirical investigations of the effects of the
density of thematic neighborhoods and the relative strength
of each connection on the processing of thematically related
words will be needed before any conclusions about the roles
of these factors in thematic thinking can be drawn. The infor-
mation about the number of concepts in a thematic neighbor-
hood and their relative strengths, which may be obtained in
production but not in rating-based norms and which we pro-
vide in the present research for 100 concepts, may be useful
for future examinations of factors that may impact the speed of
thematic processing.

To conclude, the norms obtained in our production studies
provide an approximation of the thematic networks for each
concept. A thematic network is a network of conventional
thematic relations that exist between a given concept (e.g.,
Bdog^) and a set of other concepts thematically linked to it
(e.g., Bcat,^ Bbone,^ Bleash,^ etc.). An illustration of the rep-
resentation of the thematic network for the concept Bdog^ is
provided in Fig. 1.

Study 2: Types of relation rating norms

Method

Subjects A total of 500 students of the University of Western
Ontario (age: M = 18.86 years, SD = 2.15; 313 females, 187
males) received course credit for their participation. All of the
participants identified English as their native language.

Materials and procedures Although the participants in
Study 1 were asked to provide noun responses only, and to
avoid producing the names of taxonomically related things,
some participants did not follow these instructions. Therefore,
the data were further reduced by removing the responses that

corresponded to adjectives referring to some quality of a target
(e.g., Bmouse–small^) and to verbs referring to some action of
a target (e.g., Bdog–barking^). We also removed responses
corresponding to nouns referring to superordinate or subordi-
nate concepts that are related to the target concepts (e.g.,
Bhorse–animal,^ Bshoes–sneakers^). Although the instruc-
tions for Study 1 discouraged participants from producing
taxonomically related responses, this type of response was still
provided to some extent. Some participants responded to cues
with the names of more general (superordinate-level) or more
specific (subordinate-level) concepts. Superordinate and sub-
ordinate relations are clearly taxonomic and were eliminated
from the database because the concept pairs do not participate
in thematic relations. On the other hand, taxonomic relations
at the same level of categorization refer to pairs of concepts
that may also be thematically related (e.g., Bdog–cat,^ Bfork–
knife^). Therefore, taxonomically related items at the same

Fig. 1 Representation of the thematic network for the concept Bdog.^
The length of a connection corresponds to the conventionality of the
relationship between two concepts (based on the results of Study 1).
The frequency of each response to the cue word Bdog^ is given in
parentheses. The indicated types of thematic relationships are based on
the results of Study 2
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level of categorization were retained in the database and used in
Study 2. Finally, in Study 1, we had combined synonymous
responses to cue words (e.g., the responses Bstewardess^ and
Bflight attendant^ to the cue word Bairplane^ were combined).
The rationale was that thematic relations are primarily concep-
tual rather than lexical. By combining responses that corre-
spond to different lexical items but to the same concept, we
were able to provide a better approximation of the conceptual
representations of thematic relationships. In addition, in the
database of thematically related cue–response pairs that we ob-
tained in Study 1, in a few instances a synonymous to a cue
word response was provided (e.g., Brabbit–bunny^). Because
these clearly do not correspond to thematic relations, such pairs
were eliminated. As a result, our database of related pairs of
concepts that we used to identify different types of thematic
relations across pairs of concepts included 1,025 items.

Concept pairs were randomly distributed over ten testing
lists, with 102 or 103 pair per list. Each list was presented to
50 participants in a norming study conducted online. First, the
participants read definitions of the five relationships: attribu-
tive, argument, coordinate, locative, and temporal (see
Supplementary Material, Appendix B for the instructions).
Attributive relations were defined as relations between an ob-
ject and one of its characteristics or properties (e.g., Bbaker–
apron^). Argument relations are relations between an object
that performs some action causing changes in the state of
another object (e.g., Bbear–fish^). Coordinate relations are
those between two objects that happen to be part of the same
action/event, but that do not interact with each other directly
(e.g., Bbeer–chips^). Locative relations exist between an ob-
ject and its typical location (e.g., Bdoctor–hospital^). Finally,
temporal relations are those between an object and a point in
time (e.g., Bchurch–Sunday^).

To test whether participants understood the types of the-
matic relations, they were asked to explain to the experimenter
what each type of thematic relation means. All participants
defined the five relations successfully. Therefore, no partici-
pant was excluded from the main part of the relatedness rating
study. Participants read pairs of related words and decided on
the type of relationship that was the most suitable description
of an interaction/relationship between two concepts.
Participants were also provided with an option to indicate that
none of the five relationships was appropriate.

Results and discussion

The complete list of pairs of words and participants’ responses
is provided online as a Supplemental Material B. For each
item, we counted the number of times that each thematic re-
lationship was selected by participants. We assumed that there
was a general agreement on the type of relationship that char-
acterizes an interaction occurring between two concepts if at
least 25 out of 50 participants selected it. For 779 of the items

(76 %), there was a consensus. Attributive (302 pairs) and
locative (216 pairs) relations were the most frequent ones in
our database. They were followed by argument (133 pairs),
coordinate (90 pairs), and temporal (35 pairs) relations. This
predominance of attributive and locative relations might be
reflective of the special role that object identity and object
location play in human cognition (Kohler, Moscovitch, &
Melo, 2001; Milner & Goodale, 2008).

Interestingly, we observed some noticeable differences in
the distributions of types of relations as a function of the se-
mantic category to which a cue concept belonged. For exam-
ple, for concepts belonging to the category buildings/
organizations (e.g., Bschool,^ Bbank,^ Bchurch,^ and
Bhospital^), attributive relations were the most common
[M(cases per concept) = 3.18], followed by locative
[M(cases per concept) = 0.36], argument [M(cases per con-
cept) = 0.27], coordinate [M(cases per concept) = 0.09], and
temporal [M(cases per concept) = 0.09]. This distribution sug-
gests that for concepts belonging to the category Bbuildings/
organizations,^ the identification of the type of building/orga-
nization, based on its observable attributes, is more crucial
than, for example, knowledge of the location of a building/
organization or the times when it is attended.

For the category people (e.g., Bteacher,^ Bpostman,^
Bbaker,^ and Bwoman^), attributive relations were also the
most common [M(cases per concept) = 4.27]. Furthermore,
the thematic networks of concepts belonging to the category
Bpeople^ were also rich in argument [M(cases per concept) =
2.46], locative [M(cases per concept) = 1.45], and coordinate
[M(cases per concept) = 0.91] relations. Thus, for concepts
belonging to the category Bpeople,^ not only is the identifica-
tion of a person (or his/her profession) central in the semantic
memory space, but also the knowledge of what kind of
objects/people can be changed as a result of the actions of this
person (e.g., a mechanic will fix a car, a postman will deliver a
letter, or a baby will eat milk), what the most common loca-
tions for this person are, and the other types of people with
which this person interacts.

For concepts belonging to the categories animals (e.g.,
Bbear,^ Bcat,^ and Bmonkey^) and foods (e.g., Bbeer,^ Bcake,
^ and Bice cream^), the most common type of relationship was
locative [animals:M(cases per concept) = 3.5; foods:M(cases
per concept) = 4.0]. This is not surprising if we consider the
importance of knowledge of the locations of objects belonging
to these two categories for human survival. Similarly, it is
central for our survival to be able to identify foods and animals
correctly. Therefore, in our semantic memory, knowledge
about the attributes of foods and animals is of quite high im-
portance, as is reflected in the high numbers of attributive
relations produced in response to the cue concepts belonging
to these two categories [animals:M(cases per concept) = 2.67;
foods: M(cases per concept) = 3.0]. For concepts in the cate-
gory animals, thematically related concepts in argument
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[M(cases per concept) = 2.06], and coordinate [M(cases per
concept) = 1.00] relations were also produced frequently by
participants. Thus, information about the types of objects that
might be changed as a result of animals’ actions and about
types of animals that live in proximity to each other occupies a
key place in our semantic memory. For concepts in the cate-
gory foods, coordinate [M(cases per concept) = 1.50] and tem-
poral [M(cases per concept) = 1.0] relations were common.
Indeed, it is useful to know what food items go well together
(i.e., coordinate) and when certain foods are to be consumed.

The final category of concepts that we will touch upon
briefly are instruments (e.g., Bknife,^ Bscissors,^ and
Bhammer^). The primary goal of any instrument is to change
the state of certain objects. This is nicely reflected in the dom-
inance of argument relations in the thematic networks of con-
cepts belonging to this category [M(cases per concept) =
4.00]. Because completing a task often requires a person to
use a combination of instruments, to select the right instru-
ment for the job, and to find each instrument at a certain
location, it is not surprising that coordinate [M(cases per con-
cept) = 2.75], attributive [M(cases per concept) = 2.25], and
locative [M(cases per concept) = 2.25] relations are also
strongly represented in the thematic networks of concepts re-
ferring to instruments.

This brief review of the distributions of five types of the-
matic relations across five categories clearly shows that differ-
ent types of thematic relations are not represented equally
across different categories of concepts. We posit that the cen-
trality of certain thematic relation for a category is reflective of
the types of knowledge about the objects of a category and
their interactions with other objects that are essential for hu-
man survival (e.g., knowledge of location for food concepts,
but knowledge of the objects to which an item should be
applied, for instrument concepts). This idea that types of the-
matic relations play differential roles in processing items from
particular categories is supported by existing empirical

research. Tsagkaridis, Watson, Jax, and Buxbaum (2014)
demonstrated that when processing manipulable artifact con-
cepts (e.g., Bwine bottle^), participants preferred action-based
thematic relations (e.g., Bcorkscrew^; referred to as argument
relations in the present research) to thematic relations in which
the objects do not directly interact with one another (e.g.,
Bcheese^; referred to as coordinate relations in the present
research). Whether the centrality of certain types of thematic
relations has an impact on human processing of a wide range
of categories remains to be examined (e.g., is it easier for
people to process concepts in locative relations if those con-
cepts are foods or animals than if they are instruments?).

For pairs of concepts that were categorized as reflecting
one of the examined types of thematic relations, there was
an overall high consistency in selecting this particular type
of relation (73 % agreement rate across participants). More
detailed information about the distribution of thematic re-
sponses as a function of the dominant relationship is provided
in Table 1. At the same time, for 246 pairs of words there was
no general agreement among participants on the most likely
type of thematic relation that exists for a given pair of con-
cepts. For instance, Bspider–web^ was classified as an argu-
ment relation by 24 participants (i.e., a spider weaving the
web), but as a locative relation by 16 participants (i.e., a spider
being located on the web). Pairs of concepts like Bspider–web,
^ for which no dominant thematic relation was identified, can
be thought of as being ambiguous from the point of view of
their thematic relatedness. Does this ambiguity in thematic
connections cause any processing costs for such items? This
is another potential research question that might be addressed
using the database we provide.

Conclusion

The goal of this research was to provide researchers investigat-
ing the organization of semantic memory and the processing of

Table 1 Distribution of types of relationship responses (max = 50) as a function of the dominant relationship (in bold)

Dominant Relationship Number of Cases Number of Responses (maximum = 50)

Coordinate Locative Argument Attributive Temporal Other

Coordinate 90 35.65 2.80 4.45 3.23 0.75 3.12

Locative 216 3.04 38.42 3.00 3.17 0.81 1.57

Argument 133 4.94 2.82 32.80 5.98 0.98 2.48

Attributive 302 4.03 2.94 4.29 36.05 0.69 1.99

Temporal 35 2.85 3.71 2.48 1.48 38.30 1.18

Other 3 5.00 6.33 7.32 3.00 1.67 26.68

Unidentified 246 9.74 8.78 11.65 10.97 1.46 7.40

Mean 9.32 9.40 9.43 9.12 6.38 6.35

For a given pair of words, the dominant relationship was identified as such if at least 25 out of 50 participants provided a corresponding thematic
relationship response. Number of cases refers to the count of the pairs of words, out of the 1,025 tested, that were characterized as having a specific
thematic relationship.

Behav Res (2016) 48:1349–1357 1355



thematically related concepts, in particular, with a database of
normed pairs of thematically related concepts. This database
provides estimates of the strength of thematic relatedness for a
large number of concept pairs, and hence it informs researchers
about the degree of thematic conventionality of each pair. These
norms were collected for 100 concrete nouns. At least three
thematically related word responses for each cued word were
collected from 100 participants. The data obtained are likely to
reflect the complex network of thematic links between concepts
in semantic memory. Furthermore, production frequency pro-
vides an estimate of how strongly various concepts are connect-
ed to each other. In Study 2, pairs of related concepts were
classified by participants as one of the following subtypes: at-
tributive, argument, coordinate, locative, temporal, or other.

Our norms were collected using a sample of undergraduate
students receiving education in Canada. Although we believe
that these norms should generalize to similar populations, we
are also aware that individual and cultural differences exist in
the ways that thematic knowledge is organized. As has been
noted, thematic relations are established through experiences
that people have with different objects and entities within
certain events. Undoubtedly, these experiences may differ
across cultures. For example, Canadians are most likely to
see monkeys in zoos, whereas in India, monkeys may be seen
in other contexts. These differences in experiences with mon-
keys across cultures might be reflected in differences in the
organization of thematic networks for the concept Bmonkey^
in these populations. Differences in the organization of the-
matic knowledge might be observed even within the same
culture. For instance, there might be generational differences
in the thematic networks of concepts such as Bcomputer^ and
Bcell phone.^ Collecting thematic production norms in diver-
gent populations in order to examine potential differences in
the organizations of thematic knowledge across cultures and
sets of individuals would be an interesting future step. The
data of the two norming studies provided here will be of ben-
efit to researchers interested in examining the impact of the-
matic knowledge on human cognition, differences between
thematic versus taxonomic thinking, and potential processing
differences for various types of semantic knowledge.

Author note This work was supported by Natural Sciences and Engi-
neering Council Grant Number OGP0155704 to K.M.
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