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Abstract

Introduction. Remote associate test is a convenient and widely used tool for studying insight
and creative thinking. However, numerous versions of this test exhibit considerable linguistic
heterogeneity—both within Russian-language sets and across versions in different languages—
which hinders the comparison of research results and further progress in understanding the
mechanisms of insightful problem solving. Methods. In the present study, a new set of 60
tasks in Russian of two types (semantically convergent and divergent) was developed and
tested. The criteria for constructing the task set are described in detail, based on current
theoretical conceptions of the cognitive and metacognitive processes involved in insight. Task
selection was based on metrics extracted from the Russian National Corpus. The study was
validated on a sample of 71 participants (mean age = 23 years). Results. Convergent and
divergent triads were shown to be balanced in objective difficulty, while an Aha-experience
(the affective marker of insight) occurred significantly more often upon finding the correct
solution for divergent triads than for convergent ones. The probability of successfully solving
a task increased with higher target word frequency and higher strength of target collocations
(formed by the triad words with the target word). At the same time, the probability of a
correct answer was lower when the frequency of the first triad word was higher. Solution time
decreased for triads with higher target word frequency. The probability of an Aha-experience
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was related to the metric of semantic distance among triad words—the greater this distance,
the more often an Aha-experience occurred upon finding the correct answer. Low target word
frequency also increased the probability of an Aha-experience. Discussion. Thus, a task set
of two types has been created that are equivalent in difficulty but differ in the probability of
inducing an Aha-experience. Linguistic predictors of both objective task difficulty and the

occurrence of an Aha-experience have also been identified.
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Introduction

Research on creative thinking occupies an important place in cognitive science. For over a
century, one of the most enigmatic phenomena attracting scientists has been the phenomenon
of insight. Insight is generally understood as a subjectively sudden shift from incomprehension
to comprehension when solving a creative problem. Insightful problem solving is often
contrasted with analytical, step-by-step solving, which uses familiar approaches and
procedures and/or involves trying out different options. Insight is also characterised by a
specific phenomenology—namely, the occurrence of an Aha-experience—which includes
a sense of the sudden emergence of a solution, confidence in its correctness, and positive
emotions (Danek et al.,, 2014; Stuyck et al., 2021).

One of the most widely used methods for studying creative thinking processes in recent
years has been the Remote Associates Test, originally developed by S. A. Mednick to assess
creativity (Remote Associates Test (RAT), Mednick, 1962) and later adapted by E. M. Bowden
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and colleagues to study insight (Compound Remote Associates Test; CRAT, Bowden &
Jung-Beeman, 2003; Bowden et al,, 2005). Remote associate tasks are used to explore the
phenomenology of insight (Stuyck et al., 2021), its neurophysiological mechanisms (Bowden
et al, 2005), its influence on long-term memory formation (Kizilirmak, Wiegmann, &
Richardson-Klavehn, 2016; Gershkovich, Moroshkina, & Fedosova, 2021), and many other
aspects. However, further progress is impeded by the significant diversity of task sets across
different languages (Behrens & Olteteanu, 2020) and the lack of specification regarding the
properties of the tasks themselves and the cognitive processes involved in solving them
(Wu, Huang, Chen, & Chen, 2020; Afanasieva & Spiridonov, 2024; Lukianova, 2024). Despite
isolated attempts to establish the validity of the Remote Associates Test, most task sets are
developed without a clear explanation of the criteria for their selection. The theoretical basis
for the developed methods remains unclear—what hypothetical mechanisms underpin the
solving of problems of this type? What determines whether the solution to a problem will be
accompanied by an Aha-experience?

The aim of this study was to develop and validate a new set of remote associate tasks in
Russian for use in research on creative thinking and the phenomenon of insight. To achieve
this aim, the following objectives were set—

e to establish the key criteria for task selection, based on existing theoretical concepts
regarding the cognitive and metacognitive processes that underpin insightful problem
solving in remote associate tasks;

¢ toselectand empirically validate a set of tasks of two types (potentially insightful and

potentially non-insightful) with the participation of native Russian speakers;

e to describe the linguistic properties of the tasks that determine their difficulty and

the likelihood of inducing an Aha-experience during the solution process.

In this work, we develop an approach based on Mednick's methodology and its later
version (Bowden & Jung-Beeman, 2003). Mednick originally proposed that creative thinking is
based on the ability to find new combinations of distant elements of experience. As a method
for assessing creativity, Mednick developed a test consisting of 30 tasks in which participants
were presented with a triad of words and asked to find a fourth target word that linked them
all (Mednick, 1962). The RAT has demonstrated fairly high validity and reliability. However, it
was subsequently shown that scores on this test correlate positively with scores on standard
intelligence tests—particularly verbal intelligence tests (for further details, see Valueva &
Belova, 2011).

In recent years, the RAT and its variants have come to be used not only to assess
associative thinking abilities but also to study the phenomenon of insight experimentally. It
has been shown that these tasks are very likely to trigger an Aha-experience in the solver. It
has also been shown that even a simple demonstration of the tasks together with the answer
can induce hindsight (the “I knew it all along” effect) (Kizilirmak et al., 2016; Moroshkina et
al,, 2020). However, the original version of the test contained a small number of tasks, and
the tasks themselves were quite heterogeneous from a linguistic point of view. Consequently,
a new version—the CRAT—was developed, comprising 144 tasks in English (Bowden &
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Jung-Beeman, 2003). All tasks in the CRAT set consist of triads of words that always form a
compound word or phrase with a target word (for example, for the triad age / mile / sand, the
answer is stone—Stone Age, milestone, sandstone). Another key feature of these tasks is that
each has only one correct answer, which distinguishes them from divergent thinking tests that
require multiple answers to a single question (for further details, see Valueva & Belova, 2011).

The creators of the CRAT set point out the following advantages of these tasks compared
to the classic puzzles previously used to study insight (Bowden et al., 2005):

¢ they are relatively easy, take less time to solve, and allow for more data to be collected
at a time;

¢ theyare sufficiently homogeneous, allowing researchers to study insight by comparing
not solutions to different task types but different types of solutions to similar tasks;

¢ they allow for more experimental manipulations within a single research design;

* they are easy to display, and responses can be entered easily using a computer;

e they are adaptable to physiological methods (e.g., EEG, fMRI).

Russian-language versions of the Remote Associates Test

To date, several attempts have been made to develop a set of remote associate tasks in Russian.
The first version of the Remote Associates Test was developed by A. N. Voronin and T. V. Galkina
(Voronin & Galkina, 1994). However, this version differs significantly from Mednick's original
test, as the tasks do not require finding a single correct answer; and the test is designed to
assess divergent associative thinking by analysing the frequency of proposed response
associations. Nevertheless, tasks from this test have been used in cross-cultural studies of the
Remote Associates Test (Toivainen et al., 2019).

Later, D. V. Ushakov and E. A. Valueva developed an adaptation of Mednick’s original
test, which was validated on a sample of 357 participants; the internal consistency of the test
items, as measured by Cronbach’s alpha, was 0.87 (Valueva & Belova, 2011). The test items
were based on idiomatic expressions and collocations in Russian (for example, for the triad
Kodica / cioHo8blll / aeus (skin / elephant / to lie down); the answer is kocmb (bone)—kodica
da kocmu, c/10H08as1 KOcmby, s1e4b kocmbMu (skin and bones —very thin, elephant bone—ivory,
to lie down with bones—to do the impossible)). Based on this test, N. V. Moroshkina and
colleagues (Moroshkina et al., 2022) developed an expanded set of tasks for studying insight,
comprising 100 items (RAT-RUS). The tasks were tested on a sample of 120 participants; data
were collected on both task difficulty (mean solution rate = 0.52) and their ability to induce
an Aha-experience during problem solving and upon presentation of the correct answer (the
probability of inducing an Aha-experience during problem solving is comparable to that
reported for similar task sets in other languages, at approximately 0.5).

Another version of a set of remote associate tasks was developed by a team from the
Russian Presidential Academy of National Economy and Public Administration under the
leadership of V. E. Spiridonov (Spiridonov, Loginov, & Ardislamov, 2021). The authors do
not report any validity or reliability testing, as the task set was originally created not as a
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psychodiagnostic test but as a set of tasks for experimental research. Perhaps partly for this
reason, the majority of the tasks in the set turned out to be highly difficult (with a mean solution
probability of about 0.20). The set contains 40 tasks based on Russian word combinations
(for example, for the triad naaumpa / sipkocmes / ommeHok (palette, brightness, hue), the
answer is yeem (colour)—yeemosas naaumpa, sipkull yeem, ommeHok yeema (colour palette,
bright colour, colour hue)). However, the title of the set uses the abbreviation CRA (Compound
Remote Associates), although the target word typically does not form compound words, terms,
or fixed expressions with the words of the triad, unlike in the original English-language CRAT
set (Bowden & Jung-Beeman, 2003).

Finally, another version of a remote associate task set—the Russian Language Compound
Remote Associates Test (RLCRAT)—was proposed in M. S. Vlasov’s master’s thesis (Vlasov,
2021). The test includes 20 tasks constructed according to a single principle based on
compound words in Russian (for example, for the triad kos10me / pezams / xodums (to
break, to cut, to drift) answer is .s1ed (ice)—saedokos, nedopes, n1edoxod (icebreaker, ice cutter,
ice drift)). The average solution rate is 0.63, and the internal consistency (Cronbach’s alpha)
is 0.88; no information is provided regarding the probability of inducing an Aha-experience.
Since compound words are not very widespread in Russian, it is unlikely that the task set for
this version of the test can be substantially expanded, which poses a problem for experimental
and especially psychophysiological studies.

It is not the aim of this article to provide a detailed comparison of all the mentioned
versions of the RAT; we merely note that their existence indicates a high demand for this
methodology in psychological research on insight and creativity. At the same time, researchers
are constantly striving to improve the proposed versions of the task sets. One of the main
problems is the linguistic heterogeneity of the tasks, which introduces various sources
of difficulty—including non-semantic ones—and complicates the interpretation of the
obtained results. A second difficulty is that, currently, the properties of tasks that facilitate
an Aha-experience upon solution discovery remain largely unexplored. When using existing
versions of the test, one must rely on solvers’ self-reports regarding the presence or absence
of an Aha-experience in order to distinguish between insightful and non-insightful trials post
hoc, which leads to a quasi-experimental research design. This approach raises a number of
methodological issues in studying the mechanisms of insight, as well as limitations in the
interpretation and generalisability of the results obtained.

Mechanisms of solving remote associates tasks

Factors contributing to task difficulty

The solving process for remote associate tasks can be viewed as comprising two stages: an initial
idea-generation stage, followed by a stage of comparison and evaluation of the solution (Smith,
Huber, & Vul, 2013). In the first stage, when the participant is presented with the triad words,
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close associations are activated in semantic memory according to network models (Collins
& Loftus, 1975). These activation processes spread in parallel across the semantic network
and at some point converge on the target word, which, due to the summation of activation,
becomes accessible for retrieval (Bowers et al., 1990; Bolte & Goschke, 2005; Topolinski &
Strack, 2008). However, the retrieved word is merely a guess, which may not be the correct
answer to the task. Since the instructions typically require finding a word that forms a specific
type of connection with the three words (for example, one that forms fixed expressions or
common combinations/strong collocations) an explicit check is needed to ensure that the
guessed word meets the task’s requirements. At this stage, the solver may attempt to assess
the “stability” of the resulting expressions with the target word, which, according to some
hypotheses, is associated with backward spread of activation from the target word to the triad
words (Moroshkina et al.,, 2022).

According to the approach proposed by K. S. Bowers and colleagues (Bowers et al,
1990), the idea-generation stage is driven by intuitive processes that sequentially perform
the functions of search navigation (guiding stage) and integration of accumulated evidence
(integrative stage). At the same time, even in the early stages of search, the solver experiences
an intuitive sense of coherence (perception of coherence), which reflects patterns of activation
in semantic memory and can serve as an indirect signal of a task’s potential solvability. Thus, in
Bowers and colleagues’ experiments (Bowers et al., 1990) and in a series of subsequent studies
(Bolte & Goschke, 2005; Topolinski & Strack, 2010), it was shown that when participants
were presented with triads from the RAT, they were able to distinguish between solvable
and unsolvable tasks (i.e., triads with a common target word and those without one) with a
probability higher than chance after just 1.5—2 seconds.

)

Later, M. Ollinger and A. von Miiller (Ollinger & von Miiller, 2017) expanded on Bowers
ideas by proposing a four-stage model in which they explicitly describe the stage of insightful
problem solving (restructuring). According to their model, in the first stage (just as in
Bowers’s model) activation spreads through semantic memory. However, they note that, to
prevent the search from becoming endless, it must be constrained in advance by a hypothesis
or prior knowledge. In the second stage, activation accumulates, and the system transits to a
state of balance (coherence), characterised by increased processing fluency; at this stage, a
specific intuitive guess about the solution emerges. The third stage involves the evaluation
of this intuitive guess; if the evaluation is successful, a solution is produced. In the case of
an unsuccessful evaluation, the system moves to the fourth stage (restructuring), triggering
a change in the problem representation and a return to the first stage, but with different
constraints on the spread of activation. The system cycles through these four stages until a
solution is found.

In his work, E. ]. Davelaar (Davelaar, 2015) attempted to model the processes of semantic
search when solving RAT tasks. The results of the study showed that the problem solving
process in tasks of this type is non-linear in nature. As a rule, the connection between the
target word and the triad words is too weak for the summed activation from the triad to lead
directly to its conscious retrieval. Reading cue words leads to the activation of their strong
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associates, which must be rejected (suppressed) during the search process. As a result,
participants demonstrate what the author calls a superadditive search model; they explore the
associative fields of each word in the triad, including both elements at the intersection of these
fields and the strongest associates outside the intersection. In doing so, they do not explore
the associative fields through a sequential exhaustive search, but rather switch between them,
which allows them to enhance the activation of the target word (weakly associated with all
words in the triad) and weaken the activation of distracting associations (strongly associated
with one of the triad words and almost unrelated to the others), thereby maximising the
difference between them and ultimately leading to the retrieval of the target word.

What factors contribute to the difficulty of RAT tasks, based on the proposed models of
the processes involved in solving them? According to Bowers’ model, finding the answer and
the time required to do so depend on how strongly the words in the triad are linked to the
target word (so-called semantic coherence). The stronger the link, the faster the activation
of the target word accumulates, reaching a level sufficient to overcome the threshold of
awareness. Davelaar’s model points to a second important factor—the presence of strong
but irrelevant associates for cue words, as they are activated quickly and distract the search
process, increasing the time needed to solve the task. It can also be assumed that, in general,
the higher the frequency of cue words, the more associates they have and, consequently, the
larger the search space.

In a study by Sio, Kotovsky, and Cagan (Sio, Kotovsky, & Cagan 2021), the stronger the
semantic coherence between triad words and the target word—calculated based on association
norms—the faster participants solved the task. Furthermore, as the number of strong irrelevant
associates to the triad words increased, search times slowed down. Similar results were
obtained in another study (Becker, Davis, & Cabeza, 2022)—the authors showed that the higher
the semantic coherence between triad words and the target word (cue-solution similarity),
the faster participants found the target word. In addition, the researchers hypothesised that
semantic coherence among the triad words themselves (cue-cue similarity) would also affect
the search for the answer. Triads with strong semantic coherence activate many closely related
common associates, leading participants to expect the solution word to also be located nearby:.
Thus, the higher the semantic coherence, the narrower the constraints participants impose
on the search space—a finding consistent with the Ollinger-Miiller model. On this basis, the
authors predicted that strong semantic coherence among triad words would facilitate solution
finding when semantic coherence with the target word is also strong, but impede it when
semantic coherence with the target word is weak. Both predictions were confirmed.

In a study by Bowers and colleagues (Bowers et al., 1990), another factor presumably
influencing the search processes in RAT tasks was identified—the type of triad itself. The
authors observed that in some triads, the words are associated with the target word through
its different meanings (e.g. in the triad strike / same / tennis, the words relate to different
senses of the target word match). The authors termed these triads semantically divergent.
In other triads, all words are associated with the target word through a single shared
meaning (e.g., the triad goat / pass / green and the target word mountain); such triads were
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termed semantically convergent. Since most of the triads were originally taken by Bowers
and colleagues from Mednick's set, the classification of triads into types was post hoc. The
authors found that semantically divergent tasks had a lower solution rate, and participants
were less likely to rate them as coherent—that is, as potentially solvable. Bowers concluded
that divergent triads appear to induce only a weak sense of coherence, or perhaps none at all.
However, in subsequent studies using the RAT and CRAT, the distinction between semantically
convergent and divergent triads has not been discussed or taken into account—which, in our
view, is a serious gap. We will return to this distinction in more detail below when discussing
the criteria for creating a new set of tasks.

In addition to semantic factors, other task features may influence the difficulty of RAT
tasks, including the syntactic relations between the target word and the triad words within
the resulting word combinations (Afanasieva, Spiridonov, 2024). Furthermore, a number of
studies have shown that the strategy used by the participant can affect both solution accuracy
and solution time (Smith, Huber, & Vul, 2013). For example, a common strategy involves
beginning the search by generating associations to the first word in the triad. As a result, the
frequency of the first word itself becomes one of the factors contributing to task difficulty
(Moroshkina et al., 2020).

Factors underlying Aha-experience during problem solving

When examining the mechanisms of solving remote associate tasks, another important question
arises—what determines whether a solution will be reached through insight or through
analytical processes? What factors influence the likelihood of an Aha-experience occurring
during problem solving? In most insight studies using RAT tasks, researchers ask participants
to provide subjective reports of whether they experienced an Aha-experience at the moment
of solving. Typically, the proportion of solutions accompanied by an Aha-experience averages
about 50% of all correct answers; however, for some tasks this percentage may be higher,
while for others it may be lower. The question of which task properties this might depend on
has received virtually no discussion in the literature.

According to the Ollinger-Miiller model (Ollinger & von Miiller, 2017), the defining feature
of engaging insight mechanisms in problem solving is the solver's transition to the fourth
stage—restructuring—following unsuccessful validation of a prior guess. If the solution is
found within the first three stages, it will be non-insightful. However, existing evidence
suggests that this is not the case, at least when insight is defined by its affective component—
the Aha-experience. E.A. Cranford and . Moss (Cranford & Moss, 2012) used a verbal protocol
analysis, asking participants in their study to solve compound remote associate tasks (CRAT),
to verbalise any guesses that occurred to them, and to report whether they experienced an
Aha-experience upon finding the solution. Data analysis showed that participants reported
Aha-experiences both when their very first guess was correct and when the process was
characterised by prolonged search with impasse and a subsequent representational change—
the latter corresponding more closely to the Ollinger-Miiller model.
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In a number of recent studies, it has been proposed that the Aha-experience is not
necessarily associated with a change in problem representation, but may instead reflect a
positive metacognitive prediction error regarding task difficulty—that is, the probability
and/or time required to find a solution (Dubey et al., 2021; Becker, Wang, & Cabeza, 2024;
Moroshkina, 2024). Consequently, the probability of an Aha-experience and its intensity in
RAT-type tasks will depend on the combination of two groups of factors: (1) task characteristics
that influence the formation of an intuitive sense of coherence in the early stages of problem
solving—since these largely determine the metacognitive prediction of solution probability;
and (2) characteristics of the target word that determine the actual fluency of its retrieval from
memory and/or are associated with backward spread of activation from the target word to
the triad words — since these characteristics will influence retrospective assessments of task
difficulty.

However, until recently, no attempts have been made to link the probability of inducing an
Aha-experience to the linguistic properties of RAT /CRAT tasks. Building on Bowers' distinction
between semantically convergent and divergent triads, we hypothesised in our previous study
(Savina, Moroshkina, & Oshkanova, 2021) that divergent triads should lead participants to
lower their expectations regarding the potential solvability of a given task—due to the weak
coherence of divergent triads—and that precisely in divergent triads, finding a solution would
be more likely to trigger an Aha-experience. We selected triads of three types—solvable
convergent triads, solvable divergent triads, and unsolvable triads. Participants were first
asked to intuitively judge within seconds whether each triad had a solution. After making all
predictions, participants were asked either to find solutions for all triads or to indicate that a
triad had no solution. Analysis of the results showed that the probability of an Aha-experience
upon finding a solution was higher for tasks that participants had judged as unsolvable
(incoherent) during the intuitive judgment stage. This finding supports the hypothesis
linking the Aha-experience to a metacognitive prediction error. However, no relationship was
found between Bowers' triad type (convergent vs. divergent) and the probability of an Aha-
experience. It is possible that participants’ predictions of task solvability were influenced not
only by triad type but also by other task characteristics. For example, in the aforementioned
study by Becker and colleagues (Becker, Davis, & Cabeza, 2022), it was shown that the Aha-
experience may be associated with measures of semantic coherence among words within a
triad and semantic coherence between the target word and the triad.

Thus, it can be argued that RAT-type tasks allow for a deeper understanding of the
associative search processes in human semantic memory during problem solving. Drawing on
advances in computational linguistics, the tasks included in the test can be described in terms
of their various linguistic properties and, in turn, be linked to participants' solution success
and the probability of an Aha-experience—shedding light on the nature of both the cognitive
and affective components of insight.
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The present study

The main aim of the present study was to create potentially insightful and non-insightful remote
associate tasks. Building on Bowers' approach (Bowers et al., 1990), which we previously
implemented (Savina, Moroshkina, & Oshkanova, 2021) but which did not reveal the expected
relationship between task type and Aha-experience, we sought to develop a new set of triads
of two types (semantically divergent and convergent), while additionally identifying their
linguistic properties associated with objective task difficulty and the probability of inducing
an Aha-experience.

Our hypothesis is that the Aha-experience, being a metacognitive phenomenon, arises
from a metacognitive prediction error regarding task difficulty (the probability and/or
time required to solve it). When a task is presented, the metacognitive system generates a
prediction about how the solution process will unfold, based on a sense of coherence reflecting
one's unique semantic network activation pattern—its structural and dynamic characteristics.
The intensity of the sense of coherence changes during the solution process (alongside the
dynamics of activation spread across the network) and can increase sharply when the answer
is discovered, at the stage of backward spread of activation from the found solution to the
task elements. An especially pronounced shift may occur when the speed of activation spread
from the task elements to the answer is slower than the backward—from the answer to the
task elements (backward activation spread serves to evaluate whether the answer fits the task
requirements). In this situation, a positive metacognitive prediction error occurs—the answer
is retrospectively judged as more obvious than initially predicted—and the Aha-experience
arises. According to our approach, the process of solving remote associate tasks and the
accompanying metacognitive experiences are illustrated in Figure 1.
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Figure 1.
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Note: The figure illustrates the solution process for semantically divergent and convergent types
of remote associate tasks. It is based on Davelaar's model of superadditive associative search
(Davelaar, 2015), extended with a metacognitive level of regulation to account for insightful
problem solving. On a white background, from top to bottom, the processes occurring at the
cognitive level are shown; on a grey background, the corresponding metacognitive processes and
experiences are displayed. The three triad words are indicated by black dots, and their associative
fields by large black circles; the solution—represented by a green dot—lies at the intersection
of these fields. White dots represent associates of the triad words. The search space, formed in
response to task presentation, is outlined in blue. In the central part of the figure, black arrows
represent the sequence of generated solution candidates (shown as red dots) produced during
the solution process. In the lower part of the figure, red arrows depict the process of backward
spread of activation from the solution (red dot) to the triad words, which serves as a mechanism
for verifying the solution's consistency with the task requirements.

Based on the above, potentially insightful tasks should induce a weak sense of coherence
in the early stages of the solution process and a stronger sense upon discovery of the answer.
With respect to remote associate tasks, this can be achieved by creating triads in which
semantic coherence among the triad words is weak—specifically, weaker than the semantic
coherence between the triad words and the answer. Bowers' criterion of triad divergence,
which implies multiple meanings for the target word, ensures weaker coherence among the
triad words. However, our previous experience (Savina, Moroshkina, & Oshkanova, 2021)
showed that this may not be sufficient. Therefore, when creating the set of triads of two types,
we additionally took into account semantic coherence metrics (based on corpus data). For
divergent (insightful) triads, semantic coherence among the words was required to be weaker
than for convergent triads. Semantic coherence between the triad words and the answer was
required to be approximately equal for convergent and divergent triads.

In summary, our aim was to create insightful and non-insightful tasks, with a particular
focus on linguistic properties associated with the probability of an Aha-experience. Therefore,
we sought to ensure that the sets of divergent and convergent triads were approximately
balanced in terms of difficulty (i.e., that the mean solution rate did not differ significantly
between them). To this end, we controlled for the strength of collocations between each triad
word and the answer, as well as the frequency of the first triad word and the target word, so
that these were similar for convergent and divergent triads. Thus, our research hypotheses
were as follows:

1. The linguistic predictors of difficulty of remote associate tasks are the frequency of
the first word in the triad and the frequency of the target word—the proportion of correct
answers for a triad will be negatively related to the frequency of the first triad word and
positively related to the frequency of the target word. The time required to find the correct
answer will increase with higher frequency of the first triad word and lower frequency of the
target word.
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2. When solving convergent triads, intrusions (incorrect answers) will be more frequent
due to higher semantic coherence among the words of convergent triads compared to divergent
triads. Accordingly, when solving divergent triads, omission errors will be more frequent.

3. Discovery of the correct answer for divergent triads will be more often accompanied
by an Aha-experience compared to convergent triads. Moreover, the probability of an Aha-
experience will be negatively related to semantic coherence among the triad words.

Methods

Task bank development criteria

In accordance with the aims of the present study, 60 remote associate tasks were created.
Each task consists of three nouns for which a common adjective must be found such that the
nouns and the adjective form strong (stable) collocations in Russian. As a metric of collocation
strength when creating the triads, we used the LogDice, extracted from the Russian National
Corpus (RNC, Main Corpus (https://ruscorpora.ru/en/)), which reflects the strength of the

syntagmatic relationship between two words (see Table 1). This metric is calculated based on
the co-occurrence of words in a text corpus, taking into account their individual frequencies.
The triads were constructed so that each had only one correct answer.

Based on the distinction proposed by Bowers and colleagues (Bowers et al., 1990) and on
our previous study (Savina et al,, 2021), we selected 30 semantically convergent (potentially
non-insightful) and 30 semantically divergent (potentially insightful) triads. In convergent
tasks, the target adjective was required to have a single meaning. For example, for the triad
npu3 / Ko3wips / 2epoil (prize / trump card / hero), the target adjective asnaeHnwiil (main)
has one meaning—most important, primary, central. In divergent triads, the adjective was
required to have different meanings (atleast two) when combined with the nouns. For example,
for the triad dama / neuamso / cupoma (date / seal / orphan), the adjective kpyaawlii (round)
has three meanings— (1) calculated without smaller units of counting (a round date—an
anniversary measured in decades or centuries); (2) having the shape of a circle (a round seal);
(3) complete,utter (a round orphan—a child with neither father nor mother). The number
of meanings for each adjective was verified using The Large Explanatory Dictionary of the
Russian Language edited by S. A. Kuznetsov (Kuznetsov et al., 1998).

Additionally, convergent and divergent triads were selected based on a metric of
semantic coherence among the triad words. This metric was extracted from the RusVectores
distributional semantic model (Kutuzov & Kuzmenko, 2017), which is based on the Russian
National Corpus (RNC, 2018 version). It reflects the degree of similarity between the contexts
in which words appear in the text corpus and is calculated as the cosine similarity between
the vectors of two words in the model. Triads were selected so that semantic coherence among
the words of convergent triads was higher (M = 0.196, SD = 0.111) than in divergent triads
(M = 0.044, SD = 0.065). For each task, three semantic coherence metrics were extracted for
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the three possible pairwise combinations of triad words. At the same time, the strength of
semantic coherence between the target word and the triad (Collocation strength of target word
combinations) was balanced across the two triad types. As a metric of this strength, we used
the LogDice mentioned above (see Table 1).

For the purposes of further analysis, we needed to create a single unified metric of
semantic coherence among the words within a triad. We termed this metric semantic distance
among triad words (SemDist among triad words). It was calculated as the cluster density of the
three vectors corresponding to the three triad words. The higher the value of this measure,
the farther apart the vectors are located in the model space. A comparison of convergent and
divergent triads on this metric confirmed that divergent triads have greater semantic distance
among words within the triad compared to convergent triads—that is, the words within
divergent triads have weaker semantic coherence (see Table 1).

Additionally, to balance task difficulty between the two triad types, we sought to equate the
frequency of the first word of the triad and the frequency of the target word across the sets of
convergent and divergent triads. Statistical analysis revealed no significant differences between
the triad types on these metrics. Mean values for all metrics, independent-samples t-test and
Welch's t-test values, and corresponding significance levels are presented in Table 1. A complete
list of all tasks and their corresponding linguistic properties is provided in Appendix 1.

Table 1

Linguistic properties of the CRAT-RUS tasks

Triad type Convergent Divergent
Effect
Mean SD Mean SD t-test, df . p-value
size
First triad word t=114, p=
48413 53495 37854 61872 0.294
frequency df=58 0.259
Target word t=-0.204, p=
31494 33444 32957 36750 -0.0527
frequency df=58 0.839
Collocation
strength of target t=0.0812, p=
o 9.01 0.398  9.00 0.736 0.0121
word combinations df =159 0.935
(LogDice)
SemDist among t=-2.92, p=
) 229 2.38 24.6 2.10 -0.754
triad words df=58 0.005

Note: Mean values are presented for the final set of tasks (30 divergent and 30 convergent triads).
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Sample

Seventy-one volunteers (35 women) aged 18 to 35 years (M = 23.1, SD = 4.2) took part in the
present study. All participants were native speakers of Russian. Participants were recruited
through online advertisements. The study was approved by the local ethics committee of the
N.P. Bekhtereva Institute of the Human Brain, Russian Academy of Sciences.

The sample was collected in two stages. First, a pilot study was conducted with 18
participants (11 women), mean age 26.9 years. The main data collection stage followed
later. The procedure did not differ between the pilot and the main stages; however, in the
pilot, participants were asked to solve 70 tasks (35 convergent, 35 divergent), whereas the
remaining participants solved 59 tasks from the original set plus one new task (60 tasks in
total: 30 convergent, 30 divergent). From the initial set of 70 tasks, 11 tasks that were either
too easy or too difficult according to the pilot results were excluded, and one new task was
created. Due to technical reasons, data from two participants were preserved for only 45 and
43 tasks, respectively.

Procedure

The study procedure was created using the online builder lab.js (Henninger, Shevchenko,
Mertens, Kieslich, & Hilbig, 2021). The OpenLab platform (https://open-lab.online/) was used
to implement the procedure online. Participants used their personal computers to complete

the study. Audio communication between the participant and the researcher was maintained
throughout the session.

First, participants read the instructions for completing the remote associate tasks and a
description of what the researchers mean by an Aha-experience. Participants then completed
a practice session consisting of three tasks to familiarise themselves with the experimental
interface. After this, participants were given the opportunity to ask the researcher questions
about the procedure. The main session, comprising 60 tasks, then began.

Each new trial began with the presentation of a fixation cross for 500 ms. Following this,
the triad appeared—three nouns were displayed one below the other in the centre of the
screen. Participants had a maximum of 30 seconds to solve each task. At any point when they
identified a common adjective, they could move to answer input with the spacebar. Additionally,
after 30 seconds, the answer input field appeared automatically. Participants were required
to type the adjective into the answer input field using the keyboard. If a participant could
not find a common word, they were required to type “no” into the answer input field. After
entering their answer, participants pressed the “Enter” key. The time allowed for answer entry
was limited to 10 seconds. After that, participants were asked to indicate whether they had an
Aha-experience (“Yes”—press “1”, “No”—press “0”).
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Figure 2.
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Data analysis

The data were processed using the Python programming language (version 3.9). At the
first stage, descriptive statistics were calculated, and the balance between convergent and
divergent triads was assessed on metrics of objective task difficulty (proportion of correct
solutions and mean solution time for correct answers). Additionally, the two triad types were
compared on the probability of inducing an Aha-experience and on the distribution of error
types (proportion of intrusions relative to the total number of errors). Independent-samples
t-tests were used to assess differences between the two triad types.

At the second stage, we analysed the contribution of linguistic predictors to the probability
of a correct solution, the time to discover the correct answer, and the probability of an
Aha-experience. To this end, Bayesian hierarchical models were constructed. The advantages
of Bayesian methods include greater flexibility in modelling the dependent variable (e.g., using
censored distributions and the exponentially modified Gaussian distribution for response
times), as well as the ability to quantify evidence in favour of the proposed hypotheses and to
use the resulting posterior distributions as prior knowledge in subsequent studies employing
the developed stimulus material (Whelan, 2008; Wagenmakers et al.,, 2018). The hierarchical
approach allows for the identification of general patterns in the data while accounting for
individual differences (in the present study, a participant-level hierarchical structure was
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used—specifically,a model with random intercepts capturing variability between participants)
(Casella, Fienberg & Olkin, 2006). The structure of the constructed models is briefly described
below.

Before model construction, data from three participants who never reported an
Aha-experience during the study were excluded from the full dataset. The following predictors
were included in all three models—triad type (convergent vs. divergent), frequency of the first
triad word, frequency of the target word, semantic distance among triad words, and the highest
collocation strength between the target word and the triad words (LogDicenay). Initially, triads
were selected such that LogDice was high on average (approximately 9 for both triad types);
however, in some cases it varied over a fairly wide range, so it was decided to include it in
the model. Moreover, we decided to use the highest collocation strength between the target
word and any word within a triad, as we hypothesised that this metric would most strongly
influence the speed with which a correct guess occurs. Visual inspection of the distributions
of the linguistic predictors revealed extremely high variability in the frequency metrics, with
values spanning several orders of magnitude. Consequently, the frequency of the first triad
word and the frequency of the target word were log-transformed, and all linguistic predictors
were scaled to a common scale through standardisation.

To assess the relationship between the linguistic properties of the tasks and the probability
of finding the correct answer and the probability of an Aha-experience, we constructed
Bayesian regression models with a binomial likelihood function and a participant-level
hierarchy. To assess the relationship between the linguistic predictors and the time to find
the correct answer, we constructed a Bayesian hierarchical regression with an exponentially
modified Gaussian (ExGaussian) likelihood function. The ExGaussian distribution is defined
by three parameters: p—the mean of the Gaussian component, c—its standard deviation,
and v—the rate of the exponential component. The first two parameters reflect the main
fast and relatively symmetric part of the response time distribution, while the latter reflects
longer responses (it forms the “tail” of the distribution). The response time distribution was
right-censored by the study design (maximum 30 seconds), which was also accounted for in
the model using a censoring procedure. The models for response time and Aha-experience
probability were built only for trials in which the correct answer was found.

Because the Bayesian approach does not rely on classical significance tests, inferences
about model parameters were made based on Bayesian credible intervals (HDI, highest density
intervals). A parameter was considered significant if its 94% credible interval (3%-97% HDI)
lay entirely on one side of zero (if it did not contain zero).

To ensure that the estimates of all models were primarily determined by the data, weakly
informative priors were used. Modelling was performed using the PyMC library (version 5.3)
in Python. Convergence of the models was assessed using the R-hat and the effective sample
size (ESS) statistics. All models showed good convergence (see more details in the online
repository, https://osf.io/6afmw).
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Results

Comparison of convergent and divergent triads on objective difficulty,
probability of an Aha-experience, and error type distribution

To test whether convergent and divergent triads were balanced on objective difficulty metrics
(proportion of correct answers and mean solution time for correct answers), and to compare
the two triad types on the probability of an Aha-experience and on error type distribution,
the data were averaged by triad. The probability of an Aha-experience was calculated as
the proportion of Aha! reports out of the total number of trials in which a correct answer
was given. The proportion of intrusions was calculated as the number of intrusions divided
by the total number of errors (for each triad). The results of the mean comparisons using
independent-samples t-tests are presented in Table 2; a full table with data for each triad is
provided in Appendix 2.

According to the analysis, the resulting sets of convergent and divergent triads showed no
significant differences in either the probability or the mean solution time for correct answers,
so they were approximately balanced in difficulty. At the same time, the probability of a correct
solution accompanied by an Aha-experience was significantly higher for divergent triads
compared to convergent triads, which corresponds to our expectations. Another significant
difference was found when analysing errors. For convergent triads, intrusions predominated
(participants frequently provided incorrect alternative answers). In contrast, for divergent
triads, omission errors predominated (when unable to find the correct answer, participants
more often left the answer field blank rather than providing an incorrect alternative).

Table 2

Comparison of convergent and divergent triads on objective difficulty, probability of an
Aha-experience, and error type distribution

Triad type Convergent Divergent
Effect
Mean SD Mean SD . t-test, df p-value
size

Proportion of correct t=-0.745, p=

o 046 025 050 0.20 -0.192
answers (solvability) df=58 0.459

t=-0.480,

Time to find the _
correct answer (in 10,75 2,68 11,09 2,75 -0.124 df =58 0 6;3

seconds)
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Triad type Convergent Divergent
Effect
Mean SD Mean SD . t-test, df p-value
size
t=-5.115,
Proportion of
<
Aha-reports for 042 011 057 012 -1.321 df=58 0p(JOl
correct-answer trials '
t=6.717,
Proportion of
<
intrusions out of total  0.67 0.13 042  0.15 1.734 df=58 0201

errors

Analysis of the relationship between the probability of finding the correct
answer and the linguistic properties of triads

In the model constructed to analyse the relationship between the probability of a correct
answer and triad linguistic properties, the binary dependent variable was answer correctness
(correct/incorrect). The fixed factors were—triad type (convergent vs. divergent), semantic
distance among triad words, maximum collocation strength of target word combinations
(LogDicemax), frequency of the first triad word, and frequency of the target word. The random
factor was participant.

It was found that target word frequency and LogDice,.x were significant positive
predictors of the probability of finding the correct answer. Thus, the higher the target word
frequency and the stronger the collocations formed by the triad words with the target word,
the higher the probability of finding the correct answer for a given triad. First-word frequency,
in contrast, turned out to be a negative predictor of correct answer probability—the higher
the frequency of the first triad word, the lower the probability of finding the correct answer.
No evidence was found for an effect of triad type or semantic distance among triad words on
correct answer probability.

Table 3 presents the posterior means (mean), standard deviations (sd), and 94% Bayesian
credible intervals (HDI 3%-97%) for the key model parameters. For visualisation, partial
dependence plots were constructed showing the average predicted probability of finding the
correct answer at different values of each linguistic predictor (all other predictors held at their
means), separately for convergent and divergent triads. These are presented in Figure 3.
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Table 3

Model parameters and posterior distribution metrics for the probability of a correct answer

a

mean sd hdi3% hdi 97%

Group-level intercept

Triad type

SemDist among triad words

-0.120 0.079 -0.266 0.032
0.020 0.073 -0.113 0.156
0.017 0.037 -0.049 0.092

Maximum collocation strength of target word 0.161 0.034 0.097 0.224

combinations (LogDicenax)

First triad word frequency

Target word frequency

Participant-level standard deviation

-0.298 0.036 -0.364 -0.228
0.492 0.036 0.426 0.562
0.517 0.061 0.406 0.633

Figure 3

Partial dependence plots for the probability of a correct answer as a function of the linguistic
properties of triads
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Analysis of the relationship between time to find the correct answer and
the linguistic properties of triads

To analyse the relationship between time to find the correctanswer and the linguistic properties
of triads, a series of models was constructed incorporating individual and linguistic predictors
into the Gaussian, exponential, and both components of the response time distribution. Model
evaluation and comparison (see the online repository, https://osf.io/6afmw) revealed that
participant effects and the effects of linguistic predictors were captured by the exponential
part of the distribution (they were associated with the v parameter). In the final model, the
dependent variable was time to find the correct answer. The fixed factors were—triad type
(convergent vs. divergent), semantic distance among triad words, maximum collocation
strength of target word combinations (LogDicenax), frequency of the first triad word, and
frequency of the target word. The random factor was participant.

The linguistic predictor that showed a statistically significant effect on time to find the
correct answer was target word frequency—its posterior distribution lay entirely in the
negative region (3%-97% HDI < 0), indicating that more frequent words are discovered
more quickly. In addition, a significant difference in time to find the correct answer was
found between divergent and convergent triads—divergent triads on average required more
solution time (96.8% of the posterior distribution of the coefficient lay to the right of zero).
These patterns are illustrated in the partial dependence plots showing the relationship
between solution time and triad properties in Figure 4. For the remaining linguistic predictors
(first word frequency and LogDicenay), the posterior distributions included zero, which does
not allow us to confidently infer their contribution to the model. Posterior means, standard
deviations, and credible intervals for the model parameters are presented in Table 4.

Table 4

Model parameters and posterior distribution metrics for time to find the correct answer

mean (sec.) sd hdi 3% hdi 97%

Group-level intercept for p (Gaussian

2.423 0.068 2.293 2.550
component)
Group-level intercept for o (Gaussian

0.630 0.059 0.519 0.739
component)
Group-level intercept for v

. 8.161 0.427 7.405 9.016

(exponential component)
Triad type 0.560 0.307 -0.015 1.124
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mean (sec.) sd hdi 3% hdi 97%

SemDist among triad words -0.048 0.039 -0.117 0.029
Maximum collocation strength

of target word combinations -0.152 0.156 -0.432 0.148
(LogDicemax)

First triad word frequency 0.082 0.084 -0.078 0.239
Target word frequency -0.264 0.056 -0.371 -0.161
Participant-level standard deviation 2.692 0.300 2.137 3.256

Note: All linguistic predictors, as well as the participant effect, load onto the v parameter (onto
the exponential component of the response time distribution).

Figure 4.

Partial dependence plots for time to find the correct answer as a function of triad properties
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Analysis of the relationship between the probability of an Aha-experience
upon finding the correct answer and the linguistic properties of triads

To analyse the relationship between the probability of an Aha-experience and the linguistic
properties of triads, a model was constructed in which the binary dependent variable was the
presence of an Aha-experience upon finding the correct answer. The fixed factors were: triad
type (convergent vs. divergent), semantic distance among triad words, maximum collocation
strength of target word combinations (LogDicenax), frequency of the first triad word, and
frequency of the target word. The random factor was participant.

Triad type proved to be a significant predictor of Aha-experience probability.
Aha-experience occurred more frequently for divergent triads compared to convergent
ones. Semantic distance among triad words was also positively related to Aha-experience
probability. The farther apart the triad words are located in semantic space, the more likely an
Aha-experience is to occur when the answer is found. No convincing evidence was found for
a relationship between first word frequency or LogDicen.x and Aha-experience probability.
Target word frequency was a negative predictor of Aha-experience probability. The more
frequent the target word, the lower the probability of an Aha-experience upon its discovery.

Table 5 presents the posterior means, standard deviations, and credible intervals for
the parameters of the model described above. Figure 5 shows partial dependence plots of
Aha-experience as a function of the linguistic properties of triads, with convergent and
divergent triads distinguished by colour.

Table 5

Model parameters and posterior distribution metrics for the probability of an Aha-experience
upon finding the correct answer

mean sd hdi3% hdi97%

Group-level intercept -0.207 0.180 -0.555 0.125
Triad type 0.557 0.117  0.341 0.777
SemDist among triad words 0.248 0.058 0.138 0.354
Maximum collocation strength of target word 0.006  0.055 -0.098 0.110

combinations (LogDicenax)

First triad word frequency -0.028 0.061 -0.144 0.086
Target word frequency -0.125  0.060 -0.233 -0.009
Participant-level standard deviation 1329 0.143  1.058 1.585
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Figure 5.

Partial dependence plots for the probability of an Aha-experience upon finding the correct
answer as a function of triad properties
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Discussion

The aim of the present study was to develop and validate a new set of remote associate tasks
in Russian for insight research, as well as to identify and describe the linguistic properties of
the tasks that serve as predictors of objective task difficulty (probability and time of solution)
and the probability of an Aha-experience during problem solving. In developing the task set,
we sought to select semantically divergent and convergent triads (potentially insightful and
non-insightful, respectively), while balancing the two task types by difficulty as far as possible.

We hypothesised that the frequency of the first triad word and the frequency of the target
word could serve as sources of difficulty in remote associate tasks. The first word plays an
important role because participants’ spontaneous strategy typically involves generating
associations to the first word and then checking whether the resulting guesses fit the
remaining triad words. Our hypothesis was confirmed—first-word frequency was negatively
related to the probability of a correct solution. This finding is consistent with the results of
our previous study (Moroshkina et al., 2020) and with the study by Sio and colleagues Sio,
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Kotovsky, & Cagan 2021), who showed that as the number of strong irrelevant associates to
the triad words increases, solution time slows down. According to corpus data, word frequency
is strongly positively correlated with the number of collocates with which the word has high
co-occurrence frequency. At the same time, consistent with previous studies (Vlasov, 2021),
target word frequency was positively related to the probability of its discovery.

Although we balanced the triads on the collocation strength between the triad words
and the target word (LogDice), thereby reducing the variance of this metric, we found that
the maximum collocation strength of target word combinations was positively related to the
probability of finding the correct answer. This finding is consistent with previous results by
M. Marko and colleagues, who showed that syntagmatic distance between triad words and the
target word (also calculated using LogDice) was positively related to task difficulty (Marko,
Michalko, & Riecansky, 2019). The authors also reported that syntagmatic distance, calculated
from a text corpus, and associative distance, obtained from an association experiment,
correlated rather strongly positively (r = 0.64). This may indicate that corpus-based linguistic
metrics and distributional models derived from texts can adequately reflect the solver's
mental lexicon.

The analysis also showed that we succeeded in balancing convergent and divergent triads
by difficulty. The mean proportion of correct answers was 0.46 for convergent triads and 0.50
for divergent triads (difference not significant). At the same time, as we expected, triad type
was strongly associated with the predominant error type. We hypothesised that for convergent
triads — in which all three triad words are related to the target word through a single
shared meaning — these words might also share many common associates, creating greater
competition between the target word and other associations. For example, for the triad 2y6w1
/ napyc / 3nams (lips / sail / banner), the correct answer is asiii (scarlet), while a frequent
intrusions is kpacHsutii (red). However, the word kpachwtii (red) cannot be considered correct
because, according to the instructions, the answer must form a strong/stable collocation; “red
sails” is not such a collocation, whereas “scarlet sails” is. In contrast to convergent triads, for
divergent triads we expected omission errors to predominate, because the triad words share
virtually no common contexts of use and combine with the target word through its different
meanings. This hypothesis was confirmed—the proportion of intrusions out of total errors
was 0.67 for convergent triads, compared to 0.42 for divergent triads.

Our main hypothesis was that the semantically divergent triads we selected would
trigger an Aha-experience upon finding the correct solution more often than convergent
triads. This hypothesis was confirmed, although the difference cannot be described as large
(mean proportion of Aha-solutions for divergent triads—0.57; for convergent triads—0.42).
Nevertheless, the difference is significant, and the effect size is quite high by statistical
standards (Cohen's d = 1.321). Unlike objective task difficulty, the probability of reporting an
Aha-experience is determined to a much greater extent by subjective factors. It is important
to note that the study included separate participants who almost always reported an
Aha-experience when they found the answer, as well as those who almost never reported an
Aha-experience. This depends not only on the properties of the tasks themselves, but also on



NADEZHDA V. MOROSHKINA, ANNA V. KOsYakovA, ALENA P. OsHKANOVA, IRINA S. KNYAZEVA
CRAT-RUS: A SeT oF CoMPOUND REMOTE ASSOCIATES TEST ITEMS FOR INSIGHT RESEARCH.
THEORETICAL FOUNDATIONS AND VALIDATION RESULTS

RussiaN PsycHoLoaIcAL JOURNAL, 23(1), 2026

INTERDISCIPLINARY RESEARCH ON COGNITIVE PROCESSES

how developed participants' reflection is and how they relate their subjective experience in
the study to their own lay theories of insight.

Nevertheless, despite the subjectivity of the Aha-experience phenomenon, we also
succeeded in confirming the hypothesis that the linguistic properties of the tasks contribute
significantly to its probability. As expected, semantic distance among triad words was positively
related to reports about Aha-experience. According to our hypothesis, the greater the semantic
distance among triad words, the weaker the intuitive sense of coherence in the early stages and
the lower the participant's expectations (based on that sense) regarding the ease/fluency of
retrieving the solution. This prediction turns out to be erroneous when the participant, upon
discovering the solution, retrieves all the collocations embedded in the triad relatively quickly.
Consequently, the actual processing fluency of the target word and its associations with the
triad significantly exceeds the expected fluency (retrospectively, the solution seems obvious),
and an Aha-experience occurs.

Our results are partially consistent with those of Becker and colleagues (Becker et al,,
2022), who showed that the subjective suddenness of the solution—a component of the
Aha-experience—is higher when semantic coherence among the triad words is weaker. At the
same time, the authors also found a positive relationship between subjective suddenness and
the semantic coherence between the target word and the triad. In our study, the relationship
between the target word and the triad was controlled using a syntagmatic distance metric
(LogDice), and we did not find a relationship between this metric and the Aha-experience.
This may be due to the fact that this metric was uniformly high for all triads (its variance was
severely restricted from the outset).

Furthermore, we found that the probability of an Aha-experience was negatively related to
the frequency of the target word. Target word frequency was also negatively related to the time
to find the correct answer. Taken together, these findings suggest that for an Aha-experience
to occur, the task must not be too easy, and the solver must have time to experience
incomprehension before the answer emerges. This result is consistent with previous studies
(Ishikawa et al., 2019; Moroshkina et al., 2022).

Overall, the results of the conducted analysis allow us to conclude that the main aim of the
study has been achieved. We have developed remote associate tasks of two types (potentially
insightful and potentially non-insightful). This does not eliminate the need to use subjective
reports of Aha-experiences, butitdoes allow for better control over the variation/manipulation
of factors associated with the potential insightfulness of the solution. Furthermore, the task
set we have developed contains a clear specification of the tasks and a description of their
linguistic properties related to objective task difficulty; the tasks are balanced on a number
of additional parameters (such as the type of word relations in the resulting collocations, the
strength of those relations, and grammatical uniformity). The proposed approach can be
scaled to create new task sets for specific research purposes.
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Appendix 1

Complete list of CRAT-RUS tasks and their linguistic properties
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Answer

OTBETHBIN

MJIaMeHHBIN

MPEeCTYMHbIN

MyCcTOU

pabouuit

ceMenHbIN

CTOMKUH /
CUJIbHbBIN

CTPOMHBIN

TalHbIK

TUXUH

y4e6HbIN

HIaXMaTHbIN

3KCTpe-
MaJIbHBIK

6erbli

6esbIi

BEPHBIN

FOPbKUH

rpyAHOHN

eJIOBOU

Word 1

MHUCbMO

peyb

3aMbIcCeJl

Oy TBIJIKH

CTOJI

HOpTpeT

ouyuieHue

HOI'n

areHT

IIOPOX

LeHTp

KODPOJIb

TypU3M

pa6

TaHer

cayra

MbSAHUIIA

MOJIOKO

nepemnucka

Word 2

peaknua

NpU3bIB

AeATelb-
HOCTb

KapMaHBbI

CTaX

OI0IKET

3anax

TaJInuA

CBUJlaHHE

mrenoT

IJ1aH

TYpHUP

yCJI0BUA

YyTeHue

CTHUX

JlorajiKa

obuga

KJIETKa

KpyTrHu

Word 3

yAap

NpUBET

XaJIaTHOCTb

YJIUILbI

KaOHHeT

o4ar

HUMMYHUTET

KHUIapuC

roJio-
COBaHHE

CTOH

Harpyska

napTusi

CUTyaluda

B3IVIS,

duar

ru6esb

1IoKoJ1ag

pebeHoK

KoJsibaca

Type

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

div

div

div

div

div

div

Sem-
Dist

26,88

21,54

20,97

22,81

24,34

26,85

24,37

21,88

23,85

17,54

23,71

23,64

23,53

25,61

24,10

22,51

20,25

23,28

23,67

Freql

184226

107837

10683

33042

154690

34886

32630

189325

14052

5071

68601

45049

2132

16315

6689

19047

5894

23191

11178

FreqAns

4611

4596

7834

51783

46840

24364

2984

11470

24807

46347

21384

3801

1551

5579

149048

54153

16956

4769

13555

Log-
Dice

ax

9,70

9,13

9,67

10,40

9,27

10,20

9,35

9,05

10,14

8,90

9,46

10,52

9,71

9,15

8,92

10,37

10,09

11,02

9,12
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37

38

39

40

41

42

43

44

45

46

47

48

49

Answer

IOMaIIHU K

»KeJ1e3HbIN

3Be3/IHbIN

30JI0TOM

KaMeHHbIN

Kpemnkuu

KPYTJIbII

KpyTOH

MSTKUU

HaTy-
pasibHbIN

MPOCTOM

CBUHIIOBBIN

cepAedHbIN

Word 1

CKOT

Jopora

4ac

MOJIOAEXb

JXKYHIVIA

JaTa

HpaB

006J100KKa

6JIOHMHKA

KapaHJall

nyss

KJlallaH

Word 2

3aJaHue

3aHaBeC

KapTa

PyKu

JIUIIO0

COH

ne4yaTb

3HaK

Jorapudpm

HUCII0

TAXECTb

NPUCTYTI

Word 3

apecr

JIOTUKaA

60J1€3Hb

BEK

yroJib

Apyx6a

cupoTta

OBOPOT

nocajKa

XO3SIUCTBO

npezJio-
KeHUe

He60

6J1arosap-
HOCTb

Type

div

div

div

div

div

div

div

div

div

div

div

div

div

Sem-

Dist

25,26

24,53

26,56

30,35

24,91

24,54

24,01

24,26

23,40

23,12

24,77

24,54

25,20

Freql

14148

172179

242654

27596

1749

63003

10836

13860

4822

3297

12942

11917

2798

FreqAns

27128

48856

6999

54946

33224

32867

28389

17782

32978

8136

93373

3522

12309

Log-
Dice

ax

10,22

12,13

8,54

9,63

10,86

9,92

10,46

10,97

9,68

9,09

7,76

9,26

11,15
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Ne Answer Word 1 Word 2 Word 3 Type ?)eirsré— Freql FreqAns DiLC(LiX
50 cnabbii oJ1 3BEHO HajJex/a div 25,59 69519 45334 9,23
51 ciaaakui neper KU3Hb napouka div = 23,48 4584 16983 9,34
52 cayxe6GHbIN JoJIT pomaH BXO/, div 26,29 39423 11520 9,50
53 cob6auyuu XOJI0/ Yylllb BaJibC div 20,80 21322 7755 9,75
54 coHHBIN I[apCTBO apTepus Myxa div 23,69 23457 7330 10,69
55 cTporun KOCTIOM WHH;LT;IB- OLIEMHUK div 21,02 28245 29547 8,48
56 cyxoit BUHO KJIMMaT 3aKOH div. 27,23 42805 16983 8,97
57 TyaneTHbIH BOJA 6ymara CTOJINK div 26,89 219771 1664 10,36
58 xos04HBIN 3aKyckKa biayiit BOMHA div = 27,03 6358 54328 9,71
59 uBeTHOU KamycTta MeTaJll oro- div 23,11 7969 12393 10,90
rpadus
60 dYepHBIH IOMOp CIIUCOK JIECTHHUIIA div. 2690 8040 140305 8,90

Note: Type—triad type; SemDist—semantic distance among triad words; Freql-frequency of
the first triad word; FreqAns—frequency of the target word; LogDicey,.x—maximum collocation
strength among the three target word combinations.
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Appendix 2

Complete list of CRAT-RUS tasks and validation data

Ne

10

11

12

13

14

15

Answer

aJIbIA

6OXKUHU

B3aMMHBIN

BOEHHBIN

BBICIIUH

ra3oBbIU

IJIaBHBIN

rJ1y60KUH

TOPHBIN

OeTCKUH

YKUPHBIN

uJiea/ibHbIN

KOCMHU-
YyecKUH

JIETHUH

JINYHBIA

Word 1

napyc

Aap

MOMOIlLlb

rocnuTanab

npo6a

6Ga/IJIoOH

npus3

KOJIOZIEl]

peka

CTpaxu

KpeM

YHUCTOTa

IpoCTpaH-
CTBO

IJj1aTbe

npumep

Word 2

ryobl

CyAa

o6s3a-
TeJbCTBA

y4HJINILLe

copT

KoTeJ

KO3bIPb

paHa

Tpona

KHHUTH

CBHHbA

BapHUaHT

CIIYyTHUK

Jlarepb

pasrosop

Word 3

3HaMA

IPOMBICeI

AoBepue

oTpsAnA

MUJI0TaX

KOJIOHKa

repou

caen

BeplirMHa

UTPBI

mUIIa

dopma

IbLJIb

kade

npocn6a

Type

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

N

69

69

71

71

71

71

70

70

70

70

71

70

70

71

53

Prop.

corr

0,41

0,58

0,13

0,78

0,85

0,54

0,66

091

0,36

0,56

0,62

0,17

0,51

0,61

0,17

RT,
sec.

9,37

8,63

10,66

10,26

573

12,01

8,49

7,20

9,34

12,47

9,72

18,92

11,27

8,85

11,89

Prop.

Aha

0,46

0,25

0,22

0,42

0,48

0,34

0,35

0,45

0,48

0,39

0,43

0,25

0,36

0,47

0,44

Prop.
Intr

0,76

0,66

0,48

0,81

0,73

0,64

0,67

1,00

0,69

0,48

0,44

0,50

0,62

0,79

0,68
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16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Answer

MacCCOBBIHA

MOKpBIA

OTBETHBIN

IJIaMeHHbIH

NpeCTYNHbIN

MycToMn

paboyuii

ceMeMHbIN

CTOUKUH /
CUJIbHBIA

CTPOMHBIN

TaWHBbIN

TUXUHN

y4eOHbIH

IaxMaTHBIN

3KCTpe-
MaJIbHBIA

Word 1

NpOTeCT

CHer

IMHUCbMO

pedb

3aMbIcCeJ1

Oy ThIJIKH

CTOJI

nopTpeT

olLIyILIeHUE

HOT'H

areHT

II0POX

LEHTP

KOpOJIb

TYypU3M

Word 2

6e3pabo-
THIA

HOC

peaknus

IMPHU3bIB

AedTesb-
HOCTb

KapMaHbI

CTaXx

Gr0KeT

3amnax

TaJInud

CBHJaHHE

mernoT

IJ1IaH

TYPHHUD

yCJIOBUE

Word 3

Meponpus-
THe

acanbT

yAap

HpUBET

XaJIaTHOCTb

YJIALBI

KaOWHeT

o4ar

HUMMYHHUTET

KHUIIAapUC

roJioco-
BaHHe

CTOH

Harpyska

napTus

CUTyalnud

Type

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

conv

70

71

71

71

71

71

71

71

70

70

71

71

70

70

71

Prop.
corr

0,14

0,49

0,16

0,34

0,18

0,79

0,47

0,54

0,11

0,23

0,66

0,87

0,11

0,49

0,28

RT,
sec.

13,84

10,81

7,80

9,07

11,45

11,69

12,43

12,05

14,98

13,05

7,76

10,69

7,14

11,60

13,35

Prop.

Aha

0,30

0,49

0,64

0,42

0,54

0,32

0,61

0,61

0,50

0,31

0,40

0,27

0,25

0,50

0,55

Prop.

Intr

0,63

0,78

0,70

0,64

0,59

0,80

0,82

0,55

0,90

0,67

0,63

0,78

0,47

0,72

0,51
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31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Answer

6er/ibIi

6eJIbIi

BEpPHbIN

TOPBKHU

TPYAHOU

JIeJIOBOH

JOMallHUH

»KeJIe3HbIN

3Be3HbIN

30JI0TOM

KaMeHHbIA

KpenKuu

KpYIJIbIH

KpyTOH

MATKUH

HaTypaJib-
HbIA

Word 1

pab

TaHer

cayra

NbAHUIA

MOJIOKO

nepenuvcka

CKOT

Jlopora

4qac

MOJIOZLEXKb

JOKYHIVIU

JaTa

HpaB

06JI03KKa

6JIOHAUHKA

Word 2

4yTeHue

CTHUX

Jorajzka

o6buja

KJIEeTKa

Kpyru

3alaHHe

3dHaBeC

KapTa

PykKu

JIUIIO0

COH

ne4dyaTb

3HAK

Jorapuédm

Word 3

B3TJIs/

¢duar

rubesb

LIOKOJIaJ]

pebeHoK

KoJ16aca

apecT

JIOTUKa

60J1e3Hb

BEK

yroJib

Apyx6a

CUpOTa

IMOoBOpOT

nmocaaka

X03UCTBO

Type N
div 71
div 70
div 71
div 70
div 70
div 70
div 71
div 71
div 70
div 70
div 70
div 70
div 71
div 71
div 70
div 71

Prop.

corr

0,17

0,40

0,49

0,87

0,23

0,16

0,69

0,39

0,26

0,63

0,33

0,86

0,54

0,89

0,39

0,39

RT,
sec.

12,63

8,22

12,71

13,40

12,67

19,23

9,75

8,92

6,15

11,64

12,84

7,04

10,58

8,10

14,10

14,08

Prop.

Aha

0,92

0,64

0,54

0,39

0,56

0,82

0,55

0,61

0,33

0,66

0,57

0,45

0,63

0,49

0,56

0,46

Prop.
Intr

0,53

0,64

0,36

0,33

0,39

0,25

0,14

0,40

0,52

0,35

0,51

0,70

0,36

0,25

0,47

0,28
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Prop. RT, Prop. Prop.

Ne Answer Word 1 Word 2 Word3  Type N corr | sec. | Aha | Intr
47 nmnpocTroi KapaH/Jaml YHCJI0 l::::;g div 71 055 8,56 059 0,63
48 CBUHIOBBIN myJist THAXECTb Hebo div 71 0,49 13,49 0,54 0,14
49 ceppedHbIN KJalaH MPUCTYT GH:SSf:p- div 71 0,70 11,48 0,64 0,33
50 csabbii 0JI 3BEHO Hazexaa div 70 0,50 11,82 0,43 0,46
51 cnaaxui neperj JKU3Hb napoyka div 70 0,64 955 051 0,68
52 cinyxxe6GHBIN JoJT poMaH BXO/I div 70 0,39 10,20 0,56 0,42
53 cob6ayui XOJI0/], Yy1Ib BaJIbC div 71 0,37 10,94 0,558 0,27
54 coHHBIA 1[apCTBO aprepus MyXa div 70 056 7,76 0,67 0,35
55 crporwii KOCTIOM Y“H“HTS:"' omeiiruk  div 70 056 1512 049 0,52
56 cyxoit BUHO KJUMaAT 3aKOH div 71 049 995 0,74 0,44
57 TyaneTHbIH BO/Ia oymara CTOJIUK div 70 0,21 12,51 0,53 0,62
58 xosiofHBIN 3aKyCcKa Ayl BOWHA div 71 0,78 8,70 0,62 0,63
59 uBeTHOH KamycTta MeTaJlja bor- div 70 0,44 10,07 0,58 0,38
orpadus
60 4epHBbIH IOMOp CIIMCOK agectHuna div 71 0,65 10,41 0,46 0,36

Note: Type—triad type; N—number of participants who solved the triad; Prop.corr—proportion
of correct answers for the triad out of total trials; RT—mean time to find the correct answer in
seconds; Prop.Aha—proportion of correct-answer trials in which an Aha-experience occurred;
Prop.Intr—proportion of intrusions out of total errors.
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