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Abstract. One of the most widely used tools for measuring convergent thinking is
the Remote Association Test (RAT), originally proposed by S. Mednick in accordance
with his associative theory of creativity. In a pilot experiment, we studied the oculomo-
tor activity of Russian speaking participants (n=20), who performed the Russian lan-
guage Compound Remote Associates test in order to identify oculomotor predictors of
involvement in the creative process during problem solving. Using linear mixed-effects
models for oculomotor data and linguistic characteristics of the stimuli, two significant
fixed effects (average compound Zipf-word frequency and number of blinks per sec-
ond) on increasing the probability of correct response in RAT tasks were found, which
is probably related to internal attention involvement while controlling the linguistic fac-
tor of the frequency of words-associates that the test participant processes.
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Introduction

This research represents an eye-tracking study of the Russian Language Com-
pound Remote Associates Test problem solving to reveal oculomotor indices of
the creative process typically involved in solving this test.

This test was developed according to the Associative Theory of Creativity, pro-
posed by Mednick [1]. This theory suggests that individuals come up with creative
ideas when they integrate mutually remote associative components into novel and
useful combinations. These components represent lexical-semantic structures.
Mednick developed the Remote Associates Test (RAT) to assess how many mean-
ingful common and uncommon remote associations participants can generate
from the triads of semantically unrelated words at first sight. For example, the
triad "railroad, girl, class" has such a potential response as "working", since such
phrases can be formed with every word from the triad: working on the railroad,
working girl, working class [2]. Mednick hypothesized that solvers with flatter
associative hierarchies could give more correct responses to the triads and a more
diverse set of associates (including uncommon) than individuals with steeper as-
sociative hierarchies [1]. The original RAT had good reliability (Spearman-
Brown .91 and .92) implemented on samples of 215 and 289 college students [2].

Currently, there are several versions of RAT developed by several researchers
on the material of different languages: English [3-5]; Russian [6-8]; German [9];
Polish [10]; Italian [11]; Chinese [12, 13]; Finnish [8]; Romanian [14]; Slovak
[15], Spanish [16], and other languages.

Typically, RAT consists of 25-40 items with triads of explicitly unrelated
words and the participants should come up with the fourth word that is related to
each word from the triad in some way. As a rule, the response-word could be
related to the stimuli-words via contextual associations (e.g., pig — mud), synon-
ymy (e.g., pig — slob), compound word formation (e.g., pig — pignut) or a phrase
(e.g., safety and pin forms a noun phrase safety pin). The scores are computed
according to the number of correct responses.

Mednick's approach for measuring creative (and mostly convergent) thinking
and his idea of RAT refer to one of the most widely used conceptual framework
in psychological and neurocognitive studies [17-23].

However, the original RAT validity and even the concept of associative hier-
archies remain controversial.

There are two main problems in developing RAT items for discussing further:
homogeneity/heterogeneity and remoteness of RAT items.

Homogeneity vs. heterogeneity of RAT items

Bowden and Jung-Beeman [3] argue that the original RAT items are hetero-
geneous in regard to the principle that each triad of stimuli relates to the response
word. Specifically, the triad same, tennis, head is associated with the solution
word match via contextual synonymy (same and match have common meaning
"equal™ in a certain context), noun phrase (tennis match), and compounding
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(match head). This heterogeneity of cue-solution linguistic relations can be found
both within and across items. The triad-solution relation can also vary on the scale
of abstractness (humor — sense vs. apple — tree), figurativeness (star — actress vs.
star — planet) and other semantic relations. To assess these parameters of RAT
items some researchers recruit independent raters. For example, in Marko,
Michalko, and Riecansky's study [15], the raters were shortly trained and then
asked to assess all RAT cue-solution pairs for different word relations using Lik-
ert-scale, e.g. for abstractness (from 0 (concrete) to 4 (highly abstract): apple —
tree vs. humor — sense), figurativeness (from O (literal) to 4 (figurative): star —
dust vs. star — actress), polysemy (from 1 to 3 representing the number of distinct
word meanings that associate cue with solution: in the triad same — tennis — head,
the correct response-word match associates to each of the stimulus word via three
different meanings).

There are many other linguistic parameters of cue-solution relations that can
be taken into account, but the main problem for RAT problems developers is
whether heterogeneous or homogeneous the RAT items should be in their linguis-
tic parameters. Several researchers argue that solving RAT-problems with differ-
ent word relations may load different cognitive systems [24], and, consequently,
RAT performance not obligatorily reflects a coherent cognitive ability of a par-
ticipant.

Thus, many researchers around the world have developed different homoge-
neous versions of RAT: functional RAT [24], compound RAT [3], visual RAT [8,
25]. There are several functional RATs for the Russian language [6, 7]. A new
functional RAT is currently being developed by E. Valueva. A compound RAT
in the Russian language does not exist, and it is being developed by Repeykova
et al. [26].

Remoteness of RAT cues from solution

Mednick [1] proposed that RAT problem solvers with flatter associative hier-
archies outperform ones with steeper hierarchies due to their ability to access and
link remote concepts or ideas. Hence, the remoteness of cues from solution in each
triad refers to the principal determinant of the item difficulty, and, consequently,
RAT score is supposed to reflect the level of remote associative abilities [27]. In
developing new RATS, researchers use several methods to assess the cue-solution
remoteness. The most common are the following.

1. Using word association norms for measuring the associative remoteness

One of the methods is developing the word association norms datasets com-
prised of a rank-ordered frequencies of participants' free associations for a given
cue candidate-word (e.g., chair). The common, or dominant associate is consid-
ered as the most frequently given one (e.g., table), whereas the remote associate
has low frequency responses (e.g., committee or toilet). Based on the set of the
responses, the associative distance of stimulus-response pairs can be easily calcu-
lated as 1 minus the relative frequency of the cases in which a stimulus word
evoked a certain associate word. The higher value indicates the higher associative
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remoteness of two words and the remoteness of each item is the average value of
three respective cue-solution distance values.

In a recent study of RAT psychometric evaluation, Marko, Michalko, and
Riecansky [15] revealed a single latent factor related to RAT performance. Using
linear regression analysis, the authors revealed that the cue-solution associative
remoteness accounts for ~ 80% of variance in item difficulty of RAT (R?=.791).
Thus, at least partially, the original Mednick's assumption of steeper vs. flatter
"associative hierarchies" [1] tends to be supported in empirical studies: RAT per-
formance largely depends on the person's ability to find remote associates between
words.

The limitation of this method is that the normative data needs large number of
participants because associative data depends on individual and group differences,
language development and situational factors.

Hence, we suppose that RAT items require an optimal threshold and variability
of remoteness in order to get acceptable reliability and validity of the instrument.
This requirement was implemented in our current study using Average Solution
Frequency (average Zipf-value) score for each RAT item (see Appendix 2). The
relation between item remoteness, difficulty and sensitivity in different versions
of RAT still lacks empirical verification [15, 28].

The objective linguistic measures will be controlled in our study of developing
the Russian language compound RAT.

Cognitive factors in RAT problem solving

Different versions of RAT have been used to measure several cognitive abili-
ties associated with creativity, including intelligence, insight, memory, problem-
solving, and related academic achievement [29].

Some of the first researchers who confirm the link between the RAT scores,
intelligence and academic achievement were Taft and Rossiter [30]. They re-
vealed positive correlations between the performance on RAT and scores on the
Advanced Tests AL and AQ (Form W), including total (r = .57), verbal (r = .60),
and quantitative 1Q scores (r = .46), scores on Raven's Progressive Matrices (r =
.38), speed and accuracy test scores (r =.27), and a number series test scores (r =
.41). They also revealed that performance of RAT moderately correlated with ac-
ademic achievement, including English (r = .40) and Science (r = .32) exam scores
in high school students (n = 107). Also, one actively discussed hypothesis refers
to the 1Q threshold for creative potential [31, 32].

RAT has been widely used in many cognitive studies as a convergent thinking
test of creativity. Performance on the RAT has weak to moderate correlations with
performance on divergent thinking tests, e.g. with performance on flexibility
(r = .28) and originality (r = .29) of Unusual Uses test [32]. Lee, Huggins, and
Therriault [31] provided empirical evidence that performance on the RAT had
significant positive correlations with different convergent thinking measures as-
sessing different aspects of analytical and deductive processing (intelligence,
working memory, academic achievement). Specifically, RAT scores and the
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Raven's Progressive Matrices (measure of fluid intelligence) scores were posi-
tively correlated in several studies (r ranges from .33 to .47) [31]. Among cogni-
tive factors, verbal intelligence is assumed as the most reliable measure of as-
sessing the validity of the newly developed RAT. Logically, the RAT problem
solving may involve the processes of analysis, generalization and highlighting the
common semantic word features, searching for the appropriate lexical represen-
tations as candidates from one's passive vocabulary, evaluating word-candidates,
decision making and responding. For example, in Lee, Huggins, and Therriault's
[31] study, the correlation of vocabulary subset of Wechsler Adult Intelligence
Scale and compound RAT was .41.

Metalinguistic awareness is also supposed as one of the main factors influenc-
ing performance on RAT. Metalinguistic awareness refers to the ability to con-
sciously reflect on the nature of language: the abilities to understand implied mean-
ings, formal structures like phonemes, syntax, the ability to make morphological
analysis, etc. The development of metalinguistic awareness is assumed to consist of
cognitive control (selecting and coordinating the relevant pieces of information that
is necessary for comprehending the language manipulation) and analyzed
knowledge (recognizing the meaning and structure of the "manipulated” language)
[33]. For example, compounding morphology is highly prevalent for some lan-
guages, and native speakers could be tested on their ability to manipulate familiar
morphemes to form compound words [34]. It is assumed as the essential ability for
performance on the compound RAT for languages with complex morphology, and
we suppose professional linguists and students of philological departments will out-
perform non-linguists on this test due to their metalinguistic awareness.

On the one hand, according to Mednick [1], RAT was developed to measure
creative thinking without any specific knowledge in test takers. On the other hand,
domain specificity implies pre-existing knowledge and experience within a par-
ticular domain in order to successfully produce creative work [35]. The assump-
tion is that the more knowledge one possesses and the better one understands the
relationships between pieces of information within a domain, the greater the like-
lihood one has of generating a creative idea. Thus, in solving linguistic RAT prob-
lems, individuals need to know all the potential word solutions according to their
literacy level, vocabulary size, ability to find similarities in semantics of the triads,
make morphological analysis and word formation operations etc.). On the con-
trary, it is assumed that domain-relevant knowledge or special skills are beneficial
for creative thinking to a certain extent: the prior cultivation of established path-
ways for knowledge or skills implementation can prevent creative thinking when
individuals expose to "design fixation™ in creative problem solving [36]. Domain-
general vs. domain-specific measures of creativity are still discussed.

The cognitive process of RAT problem solving could be measured by neu-
rocognitive techniques as a fine-grained measurement of creative process. In a
systematic review, Wu et al. [23] revealed a growing number of neurocognitive
studies of remote association, insight problem-solving, general creative process
from 2000 to 2019. Using RAT problems, the researchers have been explored the
processes of how participants solve problems through remote association with the
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focus on participants' response to semantic search during the think-aloud RAT
problem solving and reply performance. Also, such studies help researchers to
estimate RAT items' difficulty and understand what cues in the triad are supposed
to be problematic.

Some scholars posit that similar problem-solving processes are involved in the
RAT and insight problem solving during experiments. Both problems can mislead
participants with dominant but incorrect representations. The spontaneous associ-
ation of closely dominant lexical representations may lead participants to an im-
passe that prevents them from solving the problem. They may get stuck in the
easy retrieval representations and fail to find the solution for RAT item. Remote
and original ideas should be connected to solve the RAT problem. Usually, par-
ticipants cannot state the problem-solving process. "Ahal" experience may occur
only after a participant solved the RAT problem.

The remoteness principle can be described not only using word-associates but
also using analogies from different domains. The idea is that the more creative the
person is, the less effects of local, or closely related piece of knowledge on one's
solution we can observe. But often experts retrieve representations from their do-
main of expertise more easily than from more distant domains [28]. Some practi-
tioners use abstraction method, or moving up the idea space "tree” to the node
("creative hack™) where more remote but plausibly related relevant analogies from
other domains can be found. Linsey et al. [37] used the WordTree digital tool to
develop the engineers' abstraction that enable them to identify distant-domain
analogies as part of the ideation process. Beda et al. [28] describe this technique
from the perspective of RAT problems: a remote association is assumed as a "cre-
ative hack™ that enables problem solver to leave a fixated area to some unexplored
one in the idea space (Fig. 1).

Medium of Travel

Motion of Device I Tracks | [ Wheels ‘ ] Slithers ‘ | Wing I I Float l I Ballistic I
Type of Device Bicycle Car Wagon Catapult | Rocket |
Subtype of Device l suv | I Sedan I 1 Truck l Solution

Where you are
Fig. 1. The remoteness principle in the idea space [28]*

Inspired by this technique, we used the idea of WordTree visualization to de-
scribe the patterns of the compound RAT cue-solution remoteness in this study.

1 Under a Creative Commons license.
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The creative process during RAT problem solving involves two stages: (1) an
initial divergent stage of idea generation and (2) a convergent stage of solution
matching and evaluation.

In neurocognitive experiments, the cognitive processes of solving RAT prob-
lems were typically tested through four stages of creative acts [38], including:

1) preparation (when the problem is investigated by participants);

2) incubation (when the problem is analyzed unconsciously);

3) illumination (when participants' ideas come together to give a possible so-
lution);

4) verification (when the solution is checked by participants).

These stages could be tested in different paradigms: behavioral, eye-tracking,
EEG, etc.

Eye movements and the RAT cognitive processes

Recently, several studies observed objective psychophysiological indices of
cognitive processes during RAT problem solving using eye-tracking technology
[39-42].

This technology allows detecting individual internal cognitive mechanisms in
different RAT designs.

When solving RAT problems (e.g., a compound RAT) in eye-tracking studies,
participants are usually presented triads of words, and solution words may be pre-
sented or not presented according to the research design. The main eye reaction
patterns include eye movements (fixations and saccades), blinks, and pupil con-
striction/dilation.

In Salvi and Bowden's review [39], eye movements and blinking are discussed
as the psychophysiological reactions that influence creative thinking.

Human neural networks that enable individuals searching for information in
the visual environment may influence other neural networks that enable them to
search for non-visual information stored in long-term memory. Salvi and Bowden
[39] posit that when individuals retrieve information from memory, imagine
something, solve problems or think in a creative way, they often shift their gaze
from the environment to an empty space or a blank on the screen. This mechanism
is assumed to be related to internal attention. There are some empirical evidences
that individual differences in eye movements are influences by the memory de-
mands during problem solving. For example, Glenberg et al. [43] found that when
participants try to answer questions with moderate difficulty, they tend to avert
the gaze from engaging visual stimuli. The authors explained this effect as the
following: typically, people are engaged in remembering when they monitor the
environment for unrelated but meaningful events. If the remembering task seems
to be difficult, then the visual attention resources are temporarily distracted from
the visual environment to the recollection process.

In psychology and cognitive neuroscience, the existence of two types of atten-
tional mechanism of information processing is widely used and discussed [44,
45]. Bottom-up (external) information comes from the environment through the
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senses and this kind of attention is external (bottom-up) attention. This type of
attention retrieves the information from the outside and also operates with the
selection and modulation of sensory information: e.g., in visual, audio, tactile rep-
resentation etc. [45]. Internal (top-down) attention operates with internal repre-
sentations (thoughts, concepts, recollection of events etc.). It is assumed that loads
on external and internal attention are mutually exclusive and these two types of
attention have the same limits of capacity: e.g., if an individual is immersed in
own thoughts, one's attention to the external environment should be reduced and
vice versa.

Thus, fixations on as well as saccades to a stimulus (e.g., a cue-word in RAT)
may facilitate the retrieval of necessary information from this stimulus (phonologi-
cal, morphological, lexical representations), whereas eye movements away from the
stimulus or fixations on the empty space or blank shift individual attention away
from the visual environment, inhibit further processing of the stimulus, and allow
weaker (more remotely linked) internal concepts to become "highlighted™ [39].

A number of behavioral and neurophysiological studies came to the same re-
sult: at the moments of individual engagement in internal attention, the processing
of external stimuli is suppressed. Reducing distractors from the environment may
enhance internal concentration [46-52].

According to the results of eye-tracking studies, people produce more gaze
aversions (“looking away" effect) when they try to solve a difficult cognitive task,
and this effect has a functional consequence on memorization. For example, Glen-
berg et al. [43] found that participants improved their accuracy in solving prob-
lems with moderate difficulty when their eyes were closed. Also, eye blink rates
analysis may provide more evidence for this pattern. Blinking physically blocks
incoming information for a short period, generates a suppression of vision asso-
ciated with an inhibitory signal sent out by the brain [53] both before and after the
time of actual eyelid closure [54-56]. Increasing eye blink rates may also be re-
lated to directing individual's attention internally, enhancing a more complex cog-
nitive mechanism of attention not merely the interruption of visual input [57, 58].
Holland and Tarlow [59] suggested that eye blinks emerge during cognitive shifts
between different ideas. On the contrary, both the number of blinks and blinks
duration decrease as a function of more intense cognitive load [60-62], concen-
tration on the task, e.g. during solving mathematical tasks [59]. Several research-
ers found that blinking measures were associated with such internal processes as
divergent thinking and creativity [41], insight problem solving [52], discrepancy
between external and internal workloads [63], mind wandering [64].

Uedaet al. [41] revealed that, compared to the resting state, increased eye blink
rates during the two creative tasks performance were correlated with the produc-
tion of more alternative uses on the Alternate Uses Task (39.2 times per minute,
SD = 22.1) and slower solutions on the RAT (38.7 times per minute, SD = 21.1).
Eye blink rates were significantly higher in AUT and RAT compared to the resting
state: AUT: t(55) = 6.58, p< .001, r = .66; RAT: t(54) = 6.40, p<.001, r = .65.
Ueda et al. [41] hypothesized that the slower RAT solutions reflected a more di-
vergent search for solution variants that could be related to the insight approach
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to solve RAT problems. For the last one, no data for comparing eye blink rates in
correct vs. incorrect trials or using correct answer as dependent dichotomous var-
iable in regression analysis was provided because the authors analysed eye blink
rates only for trials in which participants were not able to find correct answers for
up to 60 seconds. Also, no significant correlation was found between the total
number of solved RAT items by a certain participant and eye blink rates suggest-
ing that solution rate is possibly too coarse a measure to be used in studies of the
RAT problem solving.

In the study of Salvi et al. [52], participants were asked to divide compound
RAT solutions into those produced via analysis or via insight. During the prepa-
ration stage, before problems eventually solved by insight, participants demon-
strated higher blink rate as well as longer duration of blinks but also fewer fixa-
tions as compared to problems eventually solved by analysis. Another finding was
that immediately prior to solutions, participants had longer blinks and averted
their gaze from the problem more frequently during solving RAT by insight com-
pared to analytical way.

In an EEG study of the compound RAT performance, Jung-Beeman et al. [46]
found increased alpha-frequency activity over the right occipital-parietal cortex
1500 ms prior to insight solutions compared to analytic solutions. This activity is
assumed to indicate active suppression of input [65] and implicit effort to reduce
bottom-up visual processing for performing more abstract, internal processing
[66]. The activation of alpha-band is also linked to the eye movements and blink-
ing restriction [49, 67].

To sum up, it can be argued that eye blinks and fixations are associated with
different process of solving RAT problems. When participants are not engaged in
analytical but likely in divergent thinking, the number of eye blinks (per s./min)
tends to increase but the number of fixations on RAT stimuli tends to decrease
(probably, with more and long fixations on empty space). This cognitive process
appears most likely due to defocusing from the RAT problem, indicating inter-
nally focused attention on finding compound words as mediated links between
RAT cues and final responses. When participants are engaged in this process, they
are assumed to solve a currently processed RAT problem with sudden insight
most likely. These psychophysiological patterns relating to disengagement from
the visual environment may be linked to the imagination and creativity by dimin-
ishing visual processing of stimuli and thus reducing strong (explicit) associa-
tions, and switching to internal attention for searching of weaker (implicit) asso-
ciations between RAT stimuli [39].

In our pilot eye-tracking study, both eye blink rates and fixation rates were
used as predictors and the correct response for each RAT trial was used as the
dependent variable in the logistic regression analysis.

Interhemispheric interaction is one of the neural mechanisms assumed to be
involved in creative thinking. Some theories of creative thought imply that the
successful interhemispheric coordination is a critical component to the creative
process [68] and that contributions from each hemisphere are distinct, but neces-
sary to complete most creative tasks. One eye tracking technique for testing
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interhemispheric coordination is bilateral eye movements that induce cognitive
enhancements for episodic memory, attention, and divergent thinking. Fleck and
Braun [40] revealed that bilateral and right-centre eye movements exhibited en-
hanced performance on the solution/non-solution judgement to a target word in 7
seconds after compound RAT performance. The bilateral condition demonstrated
the best performance for solution targets and the right-centre condition presenting
the best performance for non-solution targets. There was medium effect size of main
effects for visual field (F (1, 115) = 8.086, mean standard error [MSE] = 0.011, p =
.005, n?=.066. Although this intervention is not used in our empirical study, the po-
tential influence of interhemispheric asymmetry is worth studying in future.

The sequence of RAT stimuli in word triads may influence the performance
of test as well. Huang, Liu, and Chen [69] found that the first two words of the
same category in each triad (e.g., "doctor, nurse" that represent the hyperseme
"medical staff" or contextual category "hospital™) are fixation words. These words
lead participants to an impasse. The third word (e.g., ("tour guide™) is a keyword as
it differs conceptually from the first two words. If the keyword is put in the middle
of the two fixation words ("doctor, tour guide, nurse"), participants will be more
likely to come up with the association between "doctor" and "tour guide" and solve
the problem successfully. Although this effect seems controversial, it led us to the
prediction that RAT cues in the eye-tracking experiment should be presented in dif-
ferent sequence to avoid the visual-spatial influences (i.e., some cue always goes
first, then the second and third ones, and this word order may evoke an ordinary
reading-rereading processes but not problem solving). From the neurocognitive
point of view, this seems reasonable because if a participant looks at a location that
was previously occupied by a visual cue, one can recall both visual (where to look)
and conceptual information (why to look): participant can fixate the first word not
because of its semantics or frequency of occurrence effect but due to reading strat-
egy. Thus, in our study we use both visual-spatial remoteness of RAT cues and
different sequences of RAT cues to reduce the reading strategy effect.

Thus, the RAT problem solving consists of different cognitive processes that
may involve the integration of convergent, divergent and analytical thinking, in-
sight problem solving (including preparation, incubation, illumination and verifi-
cation stages), shifting from external to visual internal attention and vice versa,
word recognition, lexical access, morphological processing and recollection of
necessary concepts. The current study may reveal implicit oculomotor indices of
the creative process typically involved in solving the RAT.

An eye-tracking study of the Russian language compound RAT

Method. This study is implemented in an experimental paradigm for solving
RAT problems using an eye-tracking device.

Participants. The sample of 20 Russian speaking participants (all females)
between 18 to 49 years of age (M = 24.35, SD = 8.79) was recruited among uni-
versity students and lecturers to complete 20-item compound RAT problems in a
pilot eye-tracking experiment. 17 participants from 20 were assigned as linguists.
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Stimuli. Relying on the methodological approach of Bowden and Jung-Bee-
man [3] and the language specific principles, in this research the Russian language
compound RAT is proposed. In Russian (as in English) a compound word is
formed with two or more stems but there are certain criteria to distinguish com-
pound words from collocations.

1. One of the main criteria is the compound word's morphological non-sepa-
rability (yervnoogopmaennocms), which means the morphological characteristics
of the word belong to one of the components (as a rule, the second): ceemotoszno
(Nominative), ceemobosszuu (Genitive), ceemobossznu (Dative), ceemobossivio
(Instrumental) etc. In compound Russian words, a connecting vowel is often used
after the stem of the first component (see the previous example) but no such vowel
can be used as well (homoneuamo, pomoniobumeny).

2. The next criterion is that Russian compound words cannot be written or
printed as open compounds in English (ice cream, ice water or water ice): only
closed (e.qg., orcenesnoooposcnux — railroader) or hyphenated (e.g., npemwep-
munucmp — prime minister) compounds can be used in Russian.

Thus, these two main grammatical criteria distinguish a compound word from
collocations in Russian, and they were implemented in developing the compound
RAT.

To create compound words as potential solutions of RAT, the derivational
model "Compound words derived from predicative phrases (control term is the
verb)" (S+V) was used . When such combinations are transformed into a com-
pound word, the substantive component, as a rule, takes the first position and
represents different actants of the verb:

cepoyebuenue (cepoye bvémes u buenue cepoya)
heartbeat (the heart beats and the beat of a heart)

A classical compound RAT consists of word triads (three cues), three (or
more) potential solutions (compound words) and one correct response.
According to the S+V model, the sample of the RAT item is the following:

Verb 1, Verb 2, Verb 3
Solution 1 (Noun+Verb1), Solution 2 (Noun+Verb2), Solution 3 (Noun+Verb3)
Response (Noun)

An example of the Russian compound RAT item solution:
The triad of stimuli: ompasicams (reflect) bosmoca (fear) pacceusamo (scatter)

The solutions: ceemoompaoicenue (light reflection),
ceemobosizub (fear of light), ceemopaccesnue (light scattering)*
The response: ceem (light)

At the first step, 25 items were constructed by Repeykova et al. [26] using this
model.

1 Note that in English translation a compound word may not be formed for some of the cue-
words (like fear of light that is definitely a collocation but not a compound word).
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For the current study, only 23 items were selected as the most appropriate.
Then 3 of them were selected as training triads and 20 items as the test triads
(Appendix 1).

The use of the words as stimuli or associated lexical representations needs tak-
ing into account the frequency of occurrence of the word because it is proved as
one of the strongest predictors of word processing efficiency in a great number of
studies. High-frequency words are known to a greater number of speakers and are
processed (recognized, recalled, read etc.) faster than low-frequency words.

At the second step, all potential solutions we queried via the General Internet
Corpus of Russian (http://www.webcorpora.ru/en/) by exploring word frequen-
cies (instances per million) in a large corpus (19.801 billion words) as one of the
most robust linguistic measures of word familiarity and word usage (less frequent
words are typically used less often than more frequent ones).

To solve the RAT problem, participants should construct three compound
words as potential solutions ("cBetoorpakenue" (0.005 ipm), "cBeTOOOS3HB"
(0.069 ipm) and "cBetopaccesuue" (0.001 ipm") which have different word fre-
quencies as well. Finally, participants come up with the solution ("cBer"). The
lower frequency of potential solutions may inhibit the compound RAT problem
solving process until the necessary representation is retrieved from the partici-
pant's semantic memory.

In this study, the Zipf-scale (a standardized measure of word frequency) is
used for estimating solution word frequency of solutions:

Zipf-value = log10(fpmw)+3 or log10(fpmw*1000)

This measure is typically used as a standardized measure of word frequency
that is independent of the corpus size. Zipf-values allow comparing the results
across different samples and languages. All measures (ipm and Zipf-values) are
presented in Appendix 2.

Procedure

1. Firstly, the participants were asked to sign an informed consent, provide
their demographic characteristics.

2. Secondly, participants were asked to perform the compound RAT, while
their eye-movements were recorded with SMI RED-500 eye-tracker (with the
maximum sampling rate of 500 Hz, or 500 times per second) without head sup-
port. Only monocular eye movements were recorded. The system was set to rec-
ord the eye movements of the right eye. The participants took part in the experi-
ment individually. Before the procedure, the participants were asked to sit about
70 centimetres away from a 22-inch screen (with the resolution of 1680x1050
pixels) on which RAT items were displayed. Then a 4-point calibration test was

1 fpmw (or ipm)— frequencies per million words. In this study ipm (instances per million) is
retrieved for each solution-word from the General Internet-Corpus of Russian
(http://www.webcorpora.ru/en/)
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conducted. The participants were asked to fix their gaze at the red spots that ap-
pear at different positions on the grey screen to calculate the values of the point
of regard (eye position). After the calibration, the validation test was performed
using the same procedure to check the consistency with the previous calibration
test (the deviation of fixations positions on y and x axis <1° of visual angle was
accepted).

The study design is presented in Figure 2:

Instruction (self-paced)

Fixation circle
(1000 ms)

Word Word Word
(7000 ms)

Blank for incubation
(self-paced)

Word Word Word
vs.
Word Word Word

3 times (self-paced)
until the
solution is
found

Blank for incubation
(self-paced)

Word Word Word
(self-paced)

Response
(self-paced)

Fig. 2. The eye-tracking study design (after calibration and validation)

After confirming that the eye-tracker could accurately record the participants'
eye movements, the instruction and practical phase were started. The objective of
the practical phase was to familiarize a participant with the compound RAT prob-
lems. After reading the instruction, the participants were allowed to take up to five
trials: the 1st one was presented for 7 sec., the next three trials were self-paced,
and the last trial was allowed for the verification of RAT problem solving. No
time limit will be given for responses. Confirming that the participants had no
problem with the procedure, the main RAT was started.

In the main RAT, the words in each triad were presented in different combi-
nations to avoid the effect of sequence of RAT items: bilateral horizontal presen-
tion of pairs of words in the left or right visual field vs. distributed equal presen-
tation. There are at least 20 characters between words presented separately and 5
characters between words presented together. The distance between words is
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measured according to Rayner's [70] measures for parafoveal perceptual span in
reading (when a participant can read the following or previous words while not
fixating these words on one's fovea).

In this study, the participants were not presented solution words or any other
cues. The design was in line with the four stages of creative acts [38], including:
(1) preparation (when the participant familiarizes oneself with the triad for 7000
ms); (2) incubation (when the problem is analyzed unconsciously during blank
exposure); (3) illumination (when the participant's ideas come together to give a
possible solution and this process can emerge at any subsequent trials); (4) verifi-
cation (when the participant checks one's assumption and comes up with the final
solution).

In our study, every trial was coded as 0 (incubation stage) and 1 (non-incuba-
tion stage when visual stimuli are presented on the screen). For the non-incubation
stage, the words were presented on the black screen and typed with white colour
script (Arial 26 pt centered). During the incubation stage, only black screen was
demonstrated.

Thus, 20 RAT items were presented on the screen on by one in fixed order.
The participants were asked to press the spacebar at any time to change the stim-
ulus. They were allowed to verbalize their response at any time, once they came
up with the answer. If a participant was able to answer before the last trial ended,
then they might skip all the rest trials for this solved RAT item. The experimenter
fixated the trial on which the participant gave the answer and then consequent
trials were not included in the analysis. Also, the experimenter was not judging
the correctness of the participants' responses. If a participant had no answer, they
would proceed to the next problem. In this study, the participants had no chance
to return to the previous RAT item and to try to solve it again. The maximum
allowable time for solving RAT problems was not fixed (except the 1st trial pre-
sented at 7 sec.). The whole RAT test took around 50 minutes. No money was
paid for the participation.

After the experimental session, the recorded data were pre-processed with SMI
software (Experiment Center and BeGaze) including a large set of eye movement
parameters: fixation count, fixation frequency (count/s.), fixation duration (total,
ms), blink count, blink frequency (count/s.), blink duration total (ms) etc. Accord-
ing to the literature review, fixation frequency and blink frequency were analyed
as predictors of individual performance of the RAT along with one linguistic pre-
dictor (the average Zipf-value of the compound solutions of the item) that were
discussed in the previous sections.

Hypotheses

1. Average Zipf-value of the compound solutions of the item (average solution
frequency) will be positively correlated with the RAT item performance.

2. Number of eye blinks will increase when the participant is engaged in di-
vergent thinking to solve RAT problem successfully. Positive correlation of eye
blink frequency with the individual performance of the compound RAT will be
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plausible because several researchers assume divergent process along with con-
vergent thinking are involved in RAT problem solving. The hypothesis is com-
patible with Ueda et al.'s [41] suggestion that spontaneous eye blinks are actively
involved in attentional disengagement from the external world allowing more di-
vergent thinking to occur when participants search for the links between remote
associates.

3. Individual RAT performance will be positively correlated with fixation
count per second because RAT as convergence thinking test requires attention and
focus on the task and if so the fixation frequency is one of the plausible predictors
of RAT.

Results

After automatic data pre-processing with BeGaze software, 3960 observations
were obtained for further analysis. One observation was deleted due to technical
problem. Each of the rest 3959 observations represented recorded data on trial per
participant and thus we had obtained a large dataset with individual eye movement
parameters during RAT problem solving.

Next, data processing was implemented in R-studio. After reading a data
frame, the trials, which were skipped by the participants due to the fact they had
already solved a particular RAT item during the previous trial, were coded as 2
(or irrelevant trials) and then deleted from the analysis (2310 observations were
taken for further analysis as relevant trials):

df <- read.csv2("data.csv", dec = ".")

library(*lme4™)

library("ImerTest")

df <- df[df$Correct_resp < 2,]

Next, the generalized linear mixed model fit by maximum likelihood (Laplace
Approximation) ['glmerMod'] was computed for the dependent dichotomous var-
iable "Correct_resp", where correct response (1) and incorrect response (0) refer
to individual response for every relevant trial (the trial on which the response was
given and all trials before the response for each RAT item). The model referred
to the logistic regression (for predicting dichotomous dependent variable — see
Figure 3 for an evaluation of the model's assumptions) through fixed and random
effects. We used correct response variable as dependent one. The fixed effects
included: average solution frequency (that represents average Zipf-value of three
compound solutions), Blink Frequency count/s (the number of blinks per second
for each analyzed trial), Fixation Frequency count/s (the number of fixations per
second for each analyzed trial), and a factor of trial (0 — incubation, 1 — non-incu-
bation trial). Participant ID was used as a random effect in the model.

The formula of the model was the following:

Correct_resp ~ Aver_Solution_Freq + Blink.Frequency..count.s. +
+Fixation.Frequency..count.s. + as.factor(Type_0_incub) + (1 | Participant_ID)

The script for R was the following:

model <- glmer(Correct_resp ~

34



Vlasov M.S., Repeykova V.A., Sychev O.A., Toropchina O.V. An eye-tracking study

Aver_Solution_Freq +
Blink.Frequency..count.s. +

+ Fixation.Frequency..count.s.+

as.factor(Type_0_incub)+

(1|Participant_ID), data = df, family = binomial(link = "logit"))

Histogram of resid(model)
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Fig. 3. The generalized linear mixed model of standardized residuals distribution
(for logistic regression dichotomous variable was converted to the probability distribution).

The histogram of residuals represents normal distribution of residuals

for both incorrect and correct responses

We found that two fixed effects (average solution frequency and blink fre-
quency count/s) were significant predictors of the probability of correct/incorrect
individual response to the RAT items (see Table 1).

Table 1
The estimation of fixed effects in generalized linear mixed model
for correct response (binary dependent variable)!
Fixed effects: Estimate  |Std. Error |z value Pr(>|z|)
(Intercept) -0.37 0.40 -0.93 0.35362
Aver_Solution_Freq 0.47 0.11 4.38 0.00001
Blink.Frequency..count.s. 0.32 0.09 3.76 0.00017
Fixation.Frequency..count.s. -0.02 0.04 -0.56 0.57447
as.factor(Type _0_incub)1l -0.05 0.10 -0.46 0.64290

1 Significant fixed effects are bolded.
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Next, we estimated the random effect of participant and found that intercept
of each participant can be interpreted as participant's ability to solve RAT prob-
lems.

1
15.
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14 a
2 - —
11461244 ¢
-oua’_ 1 — .. B
o 1716
8 0 510132 i
1 - 6 .. =
®
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®
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Fig. 4. The random effect of participants (Intercept) on the probability plot
(Qnorm on the horizontal axis correspond to the quantiles of standard normal distribution)

Thus, Figure 4 demonstrates how successful a particular participant was in
solving RAT problems. For example, on the Qnorm axis, the score around
-2 means that participant had 2 SD lower RAT performance across all items on
average than participant with mean RAT performance (0). On the Intercept axis,
the score around -2.5 means that participant had 2.5 SD more chance to solve
RAT problems incorrectly across all items on average than those participants who
have 0 intercept score (which means an equal probability to solve RAT problems
correctly and incorrectly).

Table 2
Frequency of predicted and observed RAT individual responses
(correct model predictions are bolded)
Fitted / Observed RAT responses incorrect correct
incorrect 511 261
correct 398 1140

The model predicted 1651 individual responses (both as correct and incorrect
to the RAT key — see Table 2) out of 2310 relevant trials (71.47% of trials were
predicted correctly). To sum up, this pretty high percentage of predicting correct
and incorrect responses on RAT items led us to the conclusion that using predic-
tors from different domains (registered psychophysiological, linguistic fixed ef-
fects and individual random effects) may shed light on the underlined individual
strategies of compound RAT problem solving.
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Discussion

The original RAT proposed by Medinck in 1962 and different types of cur-
rently developing RATs have certain advantages compared to other techniques
for measuring creativity. Linguistic versions of RAT can be implemented in a
short period of time, in online or offline format. In the nearest future, it will be
easier to develop such tests for languages with large corpora and lexical databases
because a lot of computational techniques are currently developed. Some studies
proposed computational models of human-like RAT performance, and that could
help in further RAT development [71, 72].

For compound RATS, one of the prospective directions in test construction for
different languages is using more consistent protocols for defining grammatical
and semantic features of stimuli and compound words as mediating links with the
responses. There is an inconsistency in defining the compound word in different
languages, and thus some RAT compound solutions may occasionally include
both compound words and collocations which represent different language units.
As objective measures of stimuli remoteness, word frequency can be used for
compound words (including Zipf-value), and word co-occurrence can be used for
collocations and phrases.

There is one more general question regarding the processes involved in RAT
problem solving. Specifically, whether the Russian compound RAT requires more
convergent thinking processes (or only this process) more likely than divergent
thinking. We tried to answer this question and found that one of the plausible
psychophysiological measures of divergent thinking process is eye blinks rate.
Blinking frequency (count/s) was one of the strongest predictors: if this measure
increases by 1 SD, taking into account the individual characteristics of the solu-
tion, the probability of correct response on the RAT item will be .32, p=0.00017.

According to Mednick’s original idea, the RAT requires the participant to
"form associative elements into new combinations by providing mediating con-
nective links" [1]. On the one hand, this idea may be interpreted in the end ana-
Iytical thinking process (step-by-step problem solving). On the other hand, during
solving RAT problems people misdirect (or fail to direct) retrieval processes and
thus reach an impasse. On solving RAT problems, people often have the "Aha!"
experience [3] but they often cannot describe the processing that has led them to
the solution. The compound RAT problem solving seems to involve both analyt-
ical thinking (when solvers form compound words in their mind) and insight ex-
perience (when solvers reach an impasse and can't find any analytical path for
solving the RAT problem, or maybe someone tends to use only insight experience
without any analytical thinking).

Another limitation of the original RAT revealed by Worthen and Clark [24] is
that the "RAT measured sensitivity to language rather than creative potential”.
Hence, the researchers should take into account language development processes
(e.g., new associates could emerge in everyday language environment and the old
ones fade away). Logically, the more interactive language environment a native
speaker has, the more new associates could emerge in one's mental lexicon. This
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leads to the use of objective measures, e.g., word frequency for the triad of com-
pound solutions as the mediating link between stimulus and final response. More
and less creative people who share a common environment and who make many
common experiences hence establish common associative hierarchies. It means
that objective measures of word frequency reflect individual's familiarity with the
words used in solving RAT problems. In our eye-tracking study, average solution
frequency (average Zipf-value of all compound words in the triad) was one of the
strongest predictors: if this measure increases by 1 SD, taking into account the
individual characteristics of the solution, the probability of correct response on
the RAT item will be .47, p = 0.00001.

Limitations:

1. The sample in the eye-tracking study is biased towards females and lin-
guists.

2. In designing RAT triads we did not take into account stimuli word fre-
quency. The lower word frequency of any of stimulus-words can evoke attentional
bias to this word. For example, in solving the problem of the Russian triad
"oTpaxkats, 00sThcs, paccenBats'”, all three words represent different word fre-
quency (1.411 ipm, 41.153 ipm, 0.124 ipm, respectively) with the most frequent
one ("6osaThCa"). Two other words are less frequent and typically evoke atten-
tional bias in reading. Most likely, participants will firstly compare these two less
frequent words ("oTpaxats", "pacceuBats"), come up with the potential solution,
and then assess the similarity of the third one. Less frequent words in the triad
may evoke less lexical representations and consequently fewer candidates for
forming a compound solution. This may lead to the priming effect or attentional
bias to these less frequent words and their potential derivates.

3. One possible extraneous variable can be potential boredom or lack of task
motivation in participants. This can be controlled by the description of the poten-
tial uses of the experimental findings during special games or any other interactive
activity with the participants.

The further validation studies of the Russian compound RAT may include the
comparison of the divergent thinking test performance and RAT performance as
well as the study of relationship between metalinguistic awareness and RAT per-
formance.

The use of the objective neurocognitive measures during RAT performance
may help researchers to understand the underlying mechanisms of RAT problem
solving, e.g., whether it requires more convergent or divergent thinking via the
analysis of blinking rate and how we can predict the RAT performance from other
eye-movement parameters.
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Appendix 1
Russian language compound Remote Associates Test (Rus-Com-RAT)
Tect oTaajeHHbIX acconuanuii «CJI05KHBIE CJI0BA»
(aBTOphI: B.A. PeneiikoBa, M.C. Biacos)

[Mpunymaiire Bam ID. 3anmoMHuTe M MCNONB3yiTe ero Juisd JajdbHEHIINX TECTOB U
OIIPOCOB.

Bai mos (Myx., *eH.)

Bo3zpact

VYxaxure Bamly cdepy AesATeNbHOCTH (HAapUMEp, YIHUTENb PYCCKOTO sI3bIKa, MEHe-
mkep). Ecnu BBl gBNsSeTeCh CTYIEHTOM, HMOXaTyHCTa, YKaKUTE Bally CIEHHaNb-
HOCTh

Bawm Oyznet npemnoskero pemuth 20 3amanmii. Kaxkmoe 3amanne cCOCTOUT U3 Tpex
riaroyioB. Hampumep: ompasicams — 60samscs — pacceusams. Bama 3amada - momo-
OpaTh TaKkoe CYIIECTBUTEIHEHOC-OTBET, KOTOPOE OB 00pa30Bajo CIOKHOE CIOBO* C
KAX/IbIM u3 npencraBieHHbIX iaroiioB. Hampumep, k rnaronam ompasicams, 60-
AMbCs, pacceusams CylUleCTBUTEIbHBIM-0TBETOM siBJsieTcs ¢i1oBo CBET, moTomy uto
C Ka)XbIM TJaroJioM MoXHO oOpa3oBaTh cioxkHoe cioBo: CBEToOTPAXKXEHUE,
CBETobOA3Hb, CBEToPACCEAHUE. Jns cnoB IIEUATATH — BBICTAB-
JIATh — UBOBPAXATD otBetoMm Oyaer cioo @POTO (POTOIIEYATH, ®OTO-
BBICTABKA, ®OTONU30BPAXEHUE). s cios YACTUTH — PASBOAUTH —
JIOBUTD oteerom Oyaet cinoso PHIBA (PBIBOUYNCTKA, PBIBOBOACTBO, PbI-
BOJIOB). Kak Buante, B poriecce 00pa3oBaHUS CIOKHOTO CIOBA MOXKET MEHATHCS
4acTh PEeUH, MOSABILITECH Cy(ddUKCH 1 T.4. 711 0TBeTa Ha Kakaoe 3afaHue, Heo0Xo-
JIMMO J1aTh CYIIECTBHTEIHLHOC-OTBET B MMEHHUTEIbHOM majexke («Kto?», «Uto?»),
€IMHCTBEHHOM YHCIIe, KaK TOJIBEKO BEI moiimMere, 4To 310 3a citoBo. CIIpaBOYHO: CIIOXK-
HOE CIIOBO — 3TO CJIOBO, IMEIOIIee B CBOEM cocTaBe JiBa (u Ooee) KopHs. Hanpumep,
CJIOBO «CHETOXOJ» — 3TO CIOXKHOE CIIOBO, TAK KaK COCTOUT M3 00pa3yIONIUX «CHET» U
«X0Jl», a TAK)KE COETMHUTEIHHON TJIACHOU «0». CIIO)KHOE CIIOBO MOKET MOTYYUThCS
KaK ImyTeM COOCTBEHHOTO CIOKEHUS (TP IOMOIIIH TJIACHBIX «O» UJTH «e», HalpUMep,
CHETO0XOJ), TAK M HECOOCTBEHHOTO CIIOKeHHUs (0e3 COeNMHUTENBHOI TTIaCHOH, HaIIpH-
mep, Laperpan). BaxHo: B JaHHOM TecTe He OYJEeT COCTaBHBIX CIOMXKHBIX CIIOB, KOTO-
pBIe mHIIyTCs Yepes neduc (Hampumep, Ioiani-majgaTtka). Ha BeImoHeHHe BeeX 3a1a-
HUIl y Bac OyZeT HEOTPaHUYCHHOE KOJIMYECTBO BpeMeHHU. ECITi BBl He 3HaeTe OTBET
Ha KaKoe-JIN00 U3 3aJIaHUii, TO TIEPEXOIUTE K PEIICHHUIO CIICAYIOIIETO.

Russian language Compound Remote Associates Test (Rus-Com-RAT) keys

Stimuli Solution |[Compound 1 Compound 2 Compound 3
1. mamaTe na3uTe
BOZIA BOZIONA] BOJI0J1a3 BOZIOIIPOBO/I
IIPOBOAUTH
2. TeHepUpPOBaTh MapOyBJIAXKHU-
map aporeHepaTop apoBo3
BO3UTh YBIAXKHSITh Tellb
3. XpaHUTS JIIOOUTH
KHHUTa | KHUTOXPaHHUIIHIIE KHHUTOJIF00 KHHTOHM3/laHUe
H31aBaTh
4. pyOUTH BO3HUTH NHJINTH nec necopyd JIECOBO3 JISCOMIIIKA
5. MeTaTh TYLINUTh CTOSITh | OTOHb OTHEMET OTHETYIIHUTENb | OTHECTOMKOCTh
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Stimuli Solution |[Compound 1 Compound 2 Compound 3
6. meTaTh majaTh CYMTATh | 3BE3Ja 3BE3/I0JIET 3BE3/I0Ma 3BE3/109eT
7. IeYb CTOSITB JICUUTh COJIHIIE COJIHIIETIEK COJIHIIECTOSIHUE | COJHIIENEUYCHHE
8. CKIIambIBaTh COYETAThH CIIOBOYTIOTPEO-
CJIOBO | CIIOBOCJIOKEHHE |CIIOBOCOUYETaHUE
ynoTpeOiaTh JIeHHe
9. 3anMCHIBaThH
BHUJICOPETUCTpA- | BHAEOHAOMOIe-
PETHCTPUPOBATH BHUJIEO BUJI€03aIINCh o e
HaOJIro1aTh P
10. pe3ats omarb
ToJNoBa TOJIOBOPE3 TOJIOBOJIOMKA |TOJIOBOKPYKEHHE
KPYKHUTh
11. pexxuccupoBath
3BYK 3BYKOPEXHUCCEpP | 3BYKOHM3OJISILUS | 3ByKOYCHIINTENb
H30JMPOBATh YCHINBATh
12. mucatp MOKUMaTh o
pyka PYKOIIHCH pYKOHOXXaTHe PYKOMOMHUK
MBITh
13. cuners crpous JIOM JomMocen JIOMOCTPOM  |IOMOYTIpaBiIeHUE
YIIPaBISTh P yrp
14. TpsiCTH PHITh JETaTH 3eMIsl | 3eMIIETpsICCHHE 3eMIIepoiiKa 3eMIIe/IeITHe
15. XpaHHUTh I'PETh JBUTATH| TEJO TEIOXPaHHUTEIb Tenorperka TENOABIKEHUS
16. muTHh BapUTH MOJIOTh Kode KodenuTre KodeBapka KoemoIka
17. nagath Tecath IpoOHUTH| KaMEHb KaMHeIaj KaMeHOTeC KaMHeIpoOmIKa
18. XynuTh SIBISTHCS
oor 0OroXyabCTBO OorosiBeHHE | OOTOCITyKEHHE
CITyXKHUTb
19. KoJIOTh pe3aTh XOAUTh nen JIeTOKOJ nenopes JIeTOXO
20. Tedp XapKaTh M3IHMBATh| KPOBb KpPOBOTEUYEHHE | KPOBOXapKaHbE | KPOBOM3IHSHHE
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Appendix 2
Zipf-values and average solution frequencies (average Zipf-values)
for the Russian language RAT solutions

1. Ipm values for compound words were retrieved from the General Internet-Corpus
of Russian: http://www.webcorpora.ru/en/
2. Zipf-values (calculation): http://crr.ugent.be/archives/1352
Zipf-values are easy to calculate from fpmw (ipm) values. Simply take
log10(fpmw)+3 or log10(fpmw*1000): Zipf, G. (1949), Human Behaviour and the
Principle of Least Effort. Reading MA: Addison-Wesley

Average Solution | Compound | Compound | Compound
Stimuli Frequency (Aver- | 1 Zipf- 2 Zipf- 3 Zipf-
age Zipf-value) value value value
1. mapaTp J1a3UTh IPOBOIUTH 2.848 3.389 2.276 2.880
2. TEeHEepUPOBATh BO3UTh YBIAKHSTH 1.748 1.863 3.382 0
3. XpaHUTH JIIOOHUTH M3]1aBATh 1.764 1.851 1.851 1.591
4. pyOUTH BO3HUTH NHJINTD 1.886 2.033 1.820 1.806
5. METaTh TYLIHUTH CTOSTh 2.278 2.305 2.751 1.778
6. JIeTaTh Ma/laTh CYUTATD 2.224 2.068 2.799 1.806
7. IeYb CTOSITD JICYUTh 1.407 1.724 2.496 0
8. CKIIafIpIBaTh COYETaTh YIOTPEOIATh 1.902 0.699 3.476 1531
9. 3amUChIBaTh PErHCTPUPOBATH 2989 3.299 2838 2 829
Ha0JII01aTh
10. pe3ath JIOMaTh KPY)KUTh 1.793 2.676 2.859 2.990
11. pexxrccupoBaTh H30IUPOBATH 2842 2612 2164 0602
YCUIIUBATD
12. mucath MOXKUMATh MBITh 2.664 3.219 2.573 2.199
13. cuieTh CTPONUTH YIIPABISTH 2.066 2.155 2.238 1.806
14. TpSCTH PHITH AENaTh 2.494 3.673 1.362 2.447
15. XpaHHUTB TPETh IBUTATh 2.357 2.747 1.653 2.671
16. TUTH BapUTh MOJIOTh 2.037 1.462 2.427 2.223
17. magath TecaTh APOOUTH 1.419 2.107 1.672 0.477
18. XynuTh SBIATHCS CIY)KUTh 2.587 2.484 2.161 3.115
19. KOJIOTB pe3aTh XOAUTh 1.946 2.980 0.477 2.382
20). Te4b XapKaTh H3JIMBATh 2.309 3.028 1.380 2.591
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