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Abstract

The scientific approach to the study of creative problem solving has shifted from using classic
insight problems (e.g., the Nine-dots problem), towards sets of problems that have more robust
psychometric properties, such as the Remote Associate Test (RAT). Because it is homogeneous,
compact, quickly solvable, and easy to score, the RAT has been used more frequently in recent
creativity studies. We applied the Item Response Theory (IRT) to develop an Italian version of this
task. The final 51-item test was reliable (o = .89) and provided information over a wide range of
ability levels, as revealed by the IRT analysis. The RAT correlated with five measures of creative
performance: The Raven’s Standard Progressive Matrices (SPM), three classic insight problems, a
set of anagrams purposefully developed, the fluency and flexibility scores of the Alternative Uses
Task (AUT), and the Creative Achievements Questionnaire (CAQ). The new measure provided is
meant to encourage the study of creativity and problem solving in the Italian language.
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Based upon Guilford’s approach (Guilford, 1967), creativity requires a combination of both
divergent and convergent thinking. Divergent thinking aims to generate multiple answers for
an open-ended problem, whereas convergent thinking targets a single correct solution for a
closed-ended problem. Influenced by Guilford’s approach, Mednick (1962) developed the
associative theory of creativity. According to this theory, creative thinking consists in “the
forming of associative elements into new combinations which either meet specified
requirements or are in some way useful” (Mednick, 1962, p. 221). Therefore, according to
Mednick, creativity involves accessing remote concepts that were previously unconnected,
or dissimilar thought elements. This theory was operationalized using the Remote
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Associates Test (RAT; Mednick & Mednick, 1967) as a measure of convergent thinking. In
particular, the RAT consists of two sets of 30 triads of words (Mednick, 1968; Mednick &
Mednick, 1967), where each word can be associated with a fourth word by creating a
compound word, via semantic association, or synonymy. For instance, same, tennis, head
can be associated with the word match by creating the compound word match-heaad, by
semantic association (i.e., fennis match) and because of synonymy (i.e., same = match).
Afterwards, the CRA, a measure similar to the RAT, have been developed, (Bowden and
Jung-Beeman, 2003b; see Salvi, Costantini, Bricolo, Perugini, & Beeman, 2015 for the
Italian version), where the solution word always forms a compound word or a common two-
word phrase with each problem word (e.g., in the problem crab, pine, sauce, the solution
apple forms the compounds crabapple, pineapple, and apple sauce). Thus, whereas the CRA
is based upon a more consistent rule, the RAT is based upon a more flexible rule leading to a
broader semantic search that involves association and synonymy in addition to word
matching. Researchers used one set or the other according to experimental designs needs and
procedures.

Before the introduction of the RAT and similar tests, creative problem solving was typically
assessed using classic insight problems (e.g., Bowden, Jung-Beeman, Fleck, & Kounios,
2005; Dreistadt, 1969; Ohlsson, 1984). However, these problems were too few in number,
non-homogenous or compact, and took too long to solve, to constitute a useful set of stimuli
for many modern research paradigms; For example, those involving electroencephalography
and neuroimaging (e.g., Bowden, Jung-Beeman, Fleck, & Kounios, 2005). Most importantly,
recent research demonstrated that performance in classic insight problems does not predict
real-world creativity (Beaty, Nusbaum, & Silvia, 2014). On the contrary, the RAT, and
similar versions of it, have been successfully used in the study of problem solving, cognitive
flexibility, and creative thinking (e.g., Ansburg, 2000; Bowden & Beeman, 1998; Bowden &
Jung-Beeman, 2003a; Dominowski & Dallob, 1995; Jung-Beeman & Bowden, 2000; Salvi
et al., 2015; Salvi, Bricolo, Franconeri, Kounios, & Beeman, 2016; Salvi, Cristofori,
Beeman & Grafman 2016).

The RAT presents several benefits (Bowden et al., 2005):

a. It is compact and easy to present item by item on a computer screen.
b. It is easier to solve than classic insight problems.
C. It includes items formed by single or few-words solutions and therefore can be

used in experimental paradigms such as neuroimaging and solution priming.

Nevertheless, the RAT items are contextualized by the language. For instance, several
compound words (e.g., pine-apple) and idioms (e.g., /jp service) do not make sense in
languages other than English. Therefore, the development of creative tests in different
languages cannot be performed solely through literal translation. It is necessary to develop
an entirely new set of problems, which needs to be grounded in the specific characteristics of
the new language, in its vocabulary, and in its colloquial conventions. To our knowledge,
English, Hebrew (Nevo & Levin, 1978), Jamaican (Hamilton, 1982), Japanese (Baba, 1982)
and Dutch (Akbari Chermahini, Hickendorff, & Hommel, 2012) versions of the RAT have
been developed, whereas no Italian version is available.
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Therefore, the main aim of this study is to develop an Italian version of the RAT and provide
validity evidence for it. To this end, we first created a preliminary pool of RAT problems
using a pretest (for details see the Supplementary Material S1). Second, we selected a subset
of problems according to their psychometric properties using the Item Response Theory
(IRT). Third, we assessed the construct validity of the newly developed test (Campbell &
Fiske, 1959; Hair, Black, Babin, Anderson, & Tatham, 2010) with respect to measures of
convergent and divergent thinking as well as creative achievements.

The RAT is a measure of convergent thinking. Therefore, to evaluate its convergent validity,
in line with Akbari Chermahini et al. (2012), we also administered insight problems that
target convergent thinking (e.g., Ansburg, 2000), and share with the RAT initial difficulty in
conceptualizing the solution and restructuring (Cunningham, McGregor, Gibb & Haar,
2009). We also administered Raven’s matrices and purposelly-developed anagrams, which
also represent aspects of convergent-thinking performance. Significant correlations were
expected between the RAT and the just mentioned measures of convergent thinking.

We also administered the Alternative Uses Task (AUT - Guilford, 1967), an established
measure of divergent thinking. Solving the RAT might require both generating novel
candidate responses (e.g., a number of words that are associated to each of the words of a
RAT item) and quickly exploring each alternative to accept it as the correct response or to
reject it. This means that besides convergent thinking the RAT also involves the ability to
find relationships between elements and fluency of thought (e.g., Ansburg, 2000). In this
vein, although not systematically (e.g., see Colzato, de Haan, & Hommel, 2015), different
studies found correlations between the RAT and measures of divergent thinking (e.g., Jones
& Estes, 2015; Taft & Rossiter, 1966). Therefore, at least few correlations between the RAT
and components of the AUT, such as fluency (generation of novel alternatives) were
expected.

Yet, in order to further elucidate the validity of the RAT, we administered the Creative
Achievements Questionnaire (CAQ - Carson, Peterson, & Higgins, 2005), a self-reported
measure of the effects of creative thinking in everyday life. Since creative achievement is
based on different cognitive processes including divergent and convergent thinking, positive
correlations between the RAT and CAQ were also expected (e.g., Piffer, 2014 found that the
RAT was only related to the scientific achievement score); however, literature in this regard
is scarce.

One-hundred and fifty-three Italian students (M Age = 24.8; SD = 4.9; 95 females) from the
University of L’ Aquila participated in the study for partial course credit. All participants
were right-handed Italian native speakers. By the anamnesis questionnaire, they were
healthy and without neurological and/or psychiatric disorders; they did not report alcohol or
drug addiction. The study was designed in accordance with the ethical principles of human
experimentation stated in the Declaration of Helsinki, and was approved by the Institutional
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Review Board of the Department of Biotechnological and Applied Clinical Sciences,
University of L’Aquila.

An Initial set of seventy-eight RAT problems was developed by means of a pretest (Pretest
1; see Supplementary Material for details). RAT problems were randomly presented on a
computer screen and preceded by four practice trialsl. Participants were instructed to press
the space bar as soon as they found a solution and to enter the solution word in the
subsequent screen. No feedback was given regarding the accuracy of the solution. Ability
estimates were computed using the expected a posteriori method (Kolen & Tong, 2010; see
section Analyses for details).

Italian Anagrams

Participants completed sixty-five anagrams presented on a computer screen in randomized
order, following the same procedure used for the RAT. Anagrams were preceded by three
practice trials. Since the Italian Anagrams were also a newly developed test, we performed
an IRT analysis on Anagrams as well, which resulted in a final 45-item test (details of this
analysis are reported in the Supplementary Material). Ability estimates were computed using
the expected a posteriori method (Kolen & Tong, 2010).

Classic insight problems

Three classic insight problems covering three different domains were used. The original
English version of the verbal insight problem was translated into Italian and then an English-
speaking translator checked it for correctness. Instructions were also adapted to Italian
context. Insight in the mathematical domain was assessed using the Parallelogram problem
(e.g., Ohlsson, 1984; Segal, 2004). Participants were asked to compute separately the area of
the square and that of the parallelogram (See Figure 1).

Insight in the linguistic domain was assessed by the Bald man problem (Bowden, 1985;
Schwert, 2007): “A man was caught in the rain with no hat or umbrella. There was nothing
over his head and his clothes got soaked, but not a hair on his head got wet. How is this
possible?” Solutior. the man was bald. Insight in the visuo-spatial domain was assessed by
the Star problem (Dreistadt, 1969), which consisted in figuring out how to plant ten trees
into five rows. Solution.: rows must be arranged into a five-pointed star (See Figure 2). An
overall score, ranging from 1 to 3, was computed as the number of problems solved.

IThe specific instructions for the RAT problems were: “For each problem you are presented with 3 words. Your task is to find a fourth
word that can be associated with the three words displayed, in order to build three different associations: by synonymous (find which
one of the three words can be combined with your solution word in order to get a synonymous); by semantic association (find which
one of the three words can be combined with your solution word in order to get a semantic association); by forming a compound word
(find which one of the three words can be combined with your solution word in order to get a compound word). For each problem you
have up to 30 seconds to find the solution. As soon as the solution prompts in your mind press the space bar; please do not press the
space bar if you do not have the solution, or if you are not sure about your solution. Immediately after having pressed the space bar,
you must declare your solution). If you do not find the solution within 30 seconds, another problem is presented. The practice trials
were: Mento-Scossa-Elettrica (Scarica); Mento-Accesso-Vetri (Porta); Otto-Pattuglia-Disco (Volante); Moto-Linea-Via (Retta).
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Raven’s Standard Progressive Matrices (SPM; Raven, 1965; Italian validation by Spinnler &
Tognoni, 1987)

Raven’s (1965) version of 5 series of 12 items each was administered. Participants were
instructed to identify from a set of alternatives the missing piece of a visual pattern. Items
became progressively more difficult. An overall score was computed as the number of
problems solved.

Alternative Uses Task (AUT - Guilford, 1967; see also Palmiero, 2015; Palmiero et al., 2017)

Participants were asked to list as many possible uses as they could for the common object
brick within 10 min. Scoring included three components: Fluency, the total number of
relevant responses; flexibility, the number of different categories that were encompassed in
the responses; and originality, that was computed following Runco, Okuda, and Thurstone
(1987)2 and which has been successfully used in several studies (e.g., Palmiero, 2015,
Palmiero et al., 2010, 2017).

Creative Achievement Questionnaire (CAQ — Carson et al., 2005)

Procedure

Analyses

The CAQ investigates creative achievements in 10 domains (visual arts, music, dance,
individual sports, team sports, architectural design, entrepreneurial ventures, creative
writing, humor, inventions, scientific inquiry, theater and film, and culinary arts). For each
domain, participants were asked to provide an estimate of their talent, ability, or training by
check-marking items that applied to them. The scores assigned to items were different (e.g.,
“I have no training or recognized talent in this area” received 0 points, “My architectural
design has been recognized in a local publication” received 6 points). Some items required
participants to indicate the number of times a sentence applied to them (e.g., “I have
received a patent for one of my inventions™) and received a score that depended both on item
and on frequency it applied to the participant. A total creative achievement score was
computed by summing the number of points collected within each area (for full details on
the scoring procedure, see Carson, Peterson, & Higgins, 2005).

Participants were tested individually and were given a time limit of 30s for each RAT and
Anagram trial, 5 minutes to solve each classic insight problem, 1 minute for each Raven
Progressive Matrices and 10 minutes to solve the AUT, For the CAQ no time limit was used.
The order of presentation of tests was randomized.

We evaluated the psychometric properties of the RAT test using IRT (for a comprehensive
introduction to IRT, see De Ayala, 2009). IRT models the probability of a correct response to
each item as a function of a common latent variable (0), representing the ability underlying
test performance, which is assumed to follow a standard normal distribution. This ability has

2Each response was evaluated according to the relative frequency in the sample composed of N participants; responses were scored
between 1/N (only when one participant proposed the idea), and N/N=1 (when all participants came up with the same idea). Then the
score was subtracted from 1. The sum of these scores across responses was used as the individual originality score.
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been described as creative convergent thinking in the case of the RAT (Akbari Chermahini et
al., 2012). According to the IRT model, the probability of a correct response to each item
increases with 6 following a sigmoid curve, bounded between 0 and 1. The sigmoid curve is
called the /tem Characteristic Curve and can be parametrized with up to three parameters,
which describe the properties of each item: difficulty, discrimination, and guessing. Item
difficulty is the level of © corresponding to a 50% probability of a correct response:
Everything else being equal, more ability 6 will be required to solve a difficult item. Item
discrimination regulates the slope of the curve: An item with a high discrimination is
generally better at discriminating among individuals that have a different stance on 6 than an
item with lower discrimination. The guessing parameter is the lower asymptote of the curve
and represents the probability of selecting the correct answer simply by guessing,
independent of 8. The IRT model that includes all these three parameters is the three-
parameter logistic (3PL) model. This model is useful for modeling multiple-choice items,
which allow guessing the correct response. In the case of closed-ended questions (like the
RAT) one can assume no chance of responding correctly by guessing: the model in which
the guessing parameter is constrained to be zero for all items is the two-parameter logistic
(2PL) model. The one-parameter logistic (LIPL) model assumes that items can vary in
difficulty, but have the same discrimination. IRT allows computing the /fem Information
Curve, the amount of information conveyed by each item at each level of 6. For instance,
everything else being equal, a very easy item will be more useful for assessing participants
with low levels of 8, whereas a difficult item will be more useful for assessing participants
with elevated levels of ©. The Test Information Curve is simply the sum of all item
information curves and indicates the amount of information conveyed by the test at each
level of ©. Participants’ abilities and items’ difficulties share the same metric, and therefore
can be visualized together: The Wright map (Wilson, 2005) represents an histogram of a
person’s abilities in the left-hand side of the graph and the difficulty of each item in the
right-hand side, on the same logit scale. A person whose ability estimate is above an item’s
difficulty is more than 50% likely to solve the item, whereas a person whose ability estimate
is below an item’s difficulty is less than 50% likely to solve that item.

We performed and IRT analysis in R (R Core Team, 2017) using packages /tm (Rizopoulos,
2006), mirt (Chalmers, 2012), and Wright Map (Irribarra & Freund, 2014). Given the open-
ended response format of the RAT, we did not consider a 3PL model. Instead, we selected
the model that provided the most parsimonious account of the data between the 1PL and the
2PL, according to the AIC (Akaike, 1974) and the BIC (Schwarz, 1978) criteria. IRT models
assume unidimensionality, which means that all items assess the same underlying ability 6.
We evaluated the unidimensionality assumption using the modified parallel analysis
procedure proposed by Drasgow and Lissak (1983), which compares the second eigenvalue
of the tetrachoric correlation matrix to the same eigenvalue in 100 datasets simulated under
the same IRT model and returns a bootstrap-based p-value (a p value < .05 indicates a
significant violation of the unidimenionality assumption).

We computed item-fit statistics, which indicate how well the observed pattern of responses
to each item is predicted by the model (Ames & Penfield, 2015). We considered three item-
fit statistics: outfit, infit (Wright & Panchapakesan, 1969), and the scaled version of the chi-
square statistic (Stone, 2000). Outfit weighs equally deviances from predicted values,
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whereas infit assigns a higher weights to individuals whose ability is close to the difficulty
of the item, values of infit and outfit close to one indicate good fit, values between .5 and 1.5
are considered acceptable (Ames & Penfield, 2015). Stone’s (2000) statistic employs a
Monte Carlo method to account for the uncertainty around ability estimates. Infit and outfit
are associated to z-values whereas Stone’s statistic is associated to a p-value, z-values larger
than 2 and p-value lower than .05 indicate a rejection of the null hypothesis that an item’s
data are consistent with the model. We iteratively removed items with the largest misfit, until
there were no misfit items. We computed RAT ability estimates using the expected a
posteriori method (Kolen & Tong, 2010) as implemented in the mirtpackage (Chalmers,
2012) and used these scores to evaluate the correlations between the RAT and the other
measures administered.

We examined how both 1PL and 2PL IRT models fit the initial 78-item RAT. Although the
likelihood ratio test indicated that 2PL model fit the data better than the 1PL model,
LRT(77) = 179.753, p< .001, the improvement in fit obtained by considering the 2PL model
instead of the 1PL model (computed as suggested by De Ayala, 2009, p. 141) was only
1.69%. The AlC-values were in favor of the 2PL model, whereas the BIC pointed to the 1PL
model as the most parsimonious. We computed each participant’s ability estimates both
considering the 1PL and the 2PL model: The Pearson’s correlation between these estimates
was nearly perfect (r=.99, p<.001), indicating that considering the 1PL or the 2PL model
did not make a practical difference for estimating individual abilities. Therefore, we
preferred the 1PL model, because it provided an account of the data as good as the 2PL
model using around half parameters. The modified parallel analysis indicated that the
unidimensionality assumption was not significantly violated (p = .06). The IRT parameters
and fit statistics for the initial 78-item RAT are reported in the Supplementary Table S1, the
corresponding item characteristic curves, test information function and Wright map are
reported in Figure S1.

Some items showed significant misfit to the model p< .05. We iteratively excluded misfit
items from the test and re-fitted the model, until only items that fit the model remained in the
set. Twenty-seven RAT items were excluded in this process, resulting in the final 51-item
test. The fit statistics of the 1PL and 2PL on the final set of items are reported in Table 1, the
likelihood ratio test indicates that choosing the more complex 2PL models does not improve
fit over thelPL model, LRT (50) = 64.44, p = .081,and both AIC and BIC indicate the 1PL
model as the most parsimonious. In the final item set, the modified parallel analysis
indicated that the unidimensionality assumption was not violated (p=.22).

Psychometric properties of the final item sets

The final set of 51 RAT items is reported in Table 2, together with the IRT parameters and
the fit statistics for each item. The item characteristic curves, the test information function
and the Wright map are reported in Figure 3. The item difficulties took a wide range of
values, ranging between -5.63 (extremely easy item) and 4.19 (very hard item; see Table 3
and Figure 3). This is reflected in the Wright map and in the Test Information Function, that
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show that the RAT provided information for a broad range of ability levels, with a peak
around zero, corresponding to typical ability levels.

On average, participants solved 27.46 RAT problems out of 51 (/min= 8, max= 46, Mdn =
28, SD = 8.35) and 26.40 Anagrams out of 45 (min= 4, max= 45, Mdn =25, SD = 9.05).
Table 3 reports descriptive statistics and correlations among all measures administered. RAT
and Anagrams were scored using the expected a posteriori ability estimates (Kolen & Tong,
2010). It is worth noticing that ability estimates showed sizable correlations with the simple
count of correct responses for each participant (r=.998 for the RAT and r=.989 for the
Anagrams, ps < .001). The classic insight problems and the CAQ showed unsatisfactory
internal consistency. Some measures deviated from a normal distribution, as indicated by
elevated kurtosis, therefore we focused primarily on the Spearman rank correlation
coefficient (See Table 2), which does not assume a normal distribution and is more robust
than Pearson’s correlation to the presence of outliers (Wilcox, 2012). In detail, the RAT
correlated significantly with the Anagrams, the Raven’s SPM, the classic insight problems,
and the general CAQ score. Given the low internal consistency of the classic insight
problems, we further investigated the relation between the RAT and each of these problems
separately. The RAT correlated significantly with the Parallelogram problem (r; = .31,
p<.001; r=.31, p< .001), the Bald-man problem (= .17, p=.036; r=.16, p=.048), and
the star problem (7 = .32, p< .001; r=.35, p< .001). The RAT also correlated with the
flexibility and fluency scores of the AUT, but not with the originality score. All AUT scales
correlated significantly or marginally significantly also with the classic insight problems
score.

Discussion

The aim of this study was to develop an Italian version of the RAT to expand the study of
convergent thinking and insight problem solving to the Italian language, that is, to people
that are proficient in Italian (63.4 Million L1 speakers; Lewis, Simons, & Fenning, 2016).

Using IRT analyses (see Table 2) we developed a 51-item RAT. Models based upon IRT are
extensively studied and broadly adopted for investigating properties of tests and items. The
use of IRT to develop the Italian RAT measure improved its psychometric properties and
enhanced its validity. Indeed, as expected, the RAT conveyed information over a wide range
of ability levels and it converged with classic insight problems, with the anagrams and with
the SPM. The validity of the RAT was further supported by a significant correlation with the
self-reported creative achievements, as measured by the CAQ, although the correlation
between RAT and CAQ was lower than the correlations between RAT and other measures,
indicating that RAT and CAQ share a relatively small portion of variance.

Interestingly, the RAT showed significant correlations with the AUT fluency and flexibility
scores, but not with the originality score. This result confirms that the RAT, which is based
on the ability to search for different words in the semantic network, is dependent upon some
components of divergent thinking. In other words, “While the RAT clearly involves more
top-down constraints on the cognitive search process than the AUT, it has a search
component that requires flexibly moving from one memory trace to the next; and while the
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AUT clearly involves more extensive and less constrained cognitive search than the RAT, it
still involves some constraints” (Colzato et al., 2015, p. 710).

The correlations between the RAT and the AUT fluency and flexibility might be seen also as
indicators of a lack of discriminant validity of the RAT as a pure measure of convergent
thinking. However, one should consider that the AUT fluency and flexibility also correlated
significantly with the anagrams and the classic insight problems, and marginally
significantly with the SPM. This result gives further support to the idea that the creative
process may require a combination of divergent and convergent thinking (Colzato et al.,
2015; Cropley, 2006), and that it might be difficult to purely measure one of these processes
and not the other one. In addition, the RAT did not correlate with the originality score of the
AUT. The lack of correlation between these measures could indicate that the need for
original responses is less accentuated in the RAT than in the AUT. Conversely, a significant
correlation between originality and the classic insight problems suggests that the need for
originality could be more relevant in solving this kind of problem.

In conclusion, in this work we provided a new measure of creative convergent thinking in
the Italian language and culture. The overall pattern of results suggests that the Italian RAT
is a good measure of creative convergent thinking. The difficulty estimates could be
particularly useful for researchers that are interested in defining subsets of items to
administer. A limit of this study was considering a single task, albeit an established one, for
assessing divergent thinking, namely the AUT. An important task for future research is to
deepen the connections between the RAT and divergent thinking using a wider array of
divergent thinking measures. Creativity is associated with different domains of knowledge
(e.g., Batt et al., 2010, Boccia, et al., 2015; Palmiero et al., 2015; Palmiero et al., 2016) and
both the RAT and the anagrams tap particularly into the linguistic realm. An interesting task
for future research is further examining the relationships between creative convergent
thinking in the linguistic domain and creativity in other domains. Finally, another limitation
regards the restriction to Italian speakers. However, one should consider that the most of
measures are initially developed and validated in English, and can be used by about 372
Million L1 English speakers (Lewis, Simons, & Fenning, 2016). Therefore, increasing the
number of potential test takers across cultures appears to be an important challenge for
future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
The “parallelogram” mathematical problem: given that AB = a and AG = b, find the sum of

the areas of square ABCD and parallelogram EBGD. The solution is to restructure the given
shape into two partially overlapping triangles: ABG and ECD. The sum of their areas is 2 x
ab/2 = ab.
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Figure 2.
Solution of the “Star” visuo-spatial problem: rows must be arranged in a five-pointed star.
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Figure 3.

Item characteristic curves, test information function, and Wright map of the final 51-item
RAT. For item numbers in the Wright map refer to Table 2.
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Table 1
Fit statistics for the 1PL and the 2PL IRT models
Model LogLikelihood N.of parameters AIC BIC
78-item 1PL  —5304.100 79 10766.20 11005.6
78-item 2PL  —-5214.224 156 10740.45 11213.2
51-item 1PL  —3479.062 52 7117.24  7219.70
51-item 2PL  —3446.785 102 7517.81  7406.67

J Creat Behav. Author manuscript; available in PMC 2021 March 01.

Page 16



Page 17

Salvi et al.

Author Manuscript

99" 9T
9€" 08¢
0¢° 08¢
¢C I8¢
ST° G€Y
ve  19°€
8T LTV
w  99¢
¢l 897
08" ¢€T
0¢° 80Y
68 0C'T
8y 9€¢
L 1S9°€
s 1€¢
LS EVE
v€ 00°€
95" 80¢
LE /8¢
100 929
ST° 89V
ST €LY
79" 88T
6 LV'E
16" 160
€9 LT
L5 09T
Ly €8T

€10
€8'T-
0€'T-
¥5°0
€0
0¢'0-
170
€9'T-
€T
1¢0
(24
¥5°0-
1=
€9'T-
950
¢0'0-
990
¥8'0-
-
vco
18T-
19'T-
¢ro-
15°0-
99'0-
08°0-
¥5'0
S50

anead X (11n0) z

107
¢80
180
S0'T
€0T
860
107
S8°0
4%
0T
0T
¥6°0
880
8.0
80T
660
4%
¥8°0
L0
0T
99'0
¥5°0
260
6.0
€L0
50
€T
€T
1o

€0
00Z-
v0'T-
660
€6'0
€20~
610
90T~
15T
Se0-
170
60—
850
S6'0-
120
950~
80
050~
ITT-
AN
v0'T-
SL0-
810
9T0-
S0°0-
€00
€0
620
(un z

0T
980
€6'0
0T
90T
860
107
€60
oT'T
160
107
160
96'0
60
0T
§6'0
0T
¥6°0
180
STT
980
980
0T
96'0
860
860
80T
860
|

¢9'0

8€0

8€0

8¢°0

870

S0°0

500
00—
80°0-
¢e0-
8€'0-
cyo-
Sy'0-
10T-
60'T-
60'T-
LET-
wi-
§S'T-
6LT-
81~
ye-
16°¢-
15°¢-
65'¢-
re-
16'v-
€9'G-

‘Ha

o166ene]
Ela]
0J0AeT]
o166as
0ju0)
BZUBIBJU0D
o0lo4
01BN
ojues
eido)
eidesa)
BI99BD
esseD)
0JOA
3NeIYD
o911
aued
oll9
opres
olpny
1S9UIS
eba]
onodg
olels
001U23]
0120S
ewns
epoD
uonnios

0228s"eizind-one
810°016621U09219206
oddnibasenssw oded
EIEIOIETERETTTEIEITY
9)ua1109°016681U09 BUI0}
edwels'oubanu0 0spIA
001elI"ajeuUNq LY I}
ouadoo esalytadns
a[ereuoulnip odwed
01s9)°01e01|dNp-010}
[OIROTETT S RETI)
010S3} eINNeq AN
BZURUOSII9|Ne] eoUed
0JeJayasew osIA-oded
0ssa20e eny8) euod
oinbo||02-oLeIues 1jod
ogeJe-oqiaenod
81330UEB|'8U0IZE)0] BIIUBW
a1urIU02 duoIZepinbijodes
9[eULI0I0UOS OAISIA
01Q1]'0JUNSSBLI 010}
0]e18W B3ISILI 0JUSW
OWON'8[eUBIBIA
auo1zisod 0920]q°1paid
olJessiwwo ouadsa’ijod
0102419 0Jquiaw-odnjod
810119'3U0IZEIN[BA 0)10S
od|oo-e|1y-eISa]

uLi|

O «H N M < 1 ©O© N~ 0 OO0 O «H N MM < 1O © I~ o©
" —H H H H  H +H 4 4 N N N AN N N N N N

H 4 N O < 1O © N~ 0o o

¢ dlqeL

Author Manuscript

"1\ Uel[el] Wiall-T§ [euly au 4oy sislawered ||

Author Manuscript

Author Manuscript

PMC 2021 March 01.

in

available

J Creat Behav. Author manuscript



Page 18

‘anjen-d paseq-desisiooq Buipuodsalliod ayy pue onsielsatenbs 1ya pajeas (0002)
$,9U01S a1edIpul AjpAnoadsal anjea-d pue *Nx "(21°T) Jersweled UOITRUIWIIOSIP 8Y) JO aNJeA aWeS ay) aAeY SWa)l |[e ‘[apoW 1dT © Panly M d0ulS “(141@) AJna1yip Jo Japio ul pajuasald aie swiay| ‘sjonN

Salvi et al.

6 6L0 900 980 00 0T  6T¥ equiog eojwore-oubipioone 1§
8e  TLT o  €TT lT0 S0T  GLE eLe) emuaprroljboyeatuaiBl - 0g
18 660 610 00T vT'0 10T  ErE e[edS  B|01000IYd eleUIPRIG ONOS 6
18 10T GE0 60T 600 00T S6°C esed rIndauolzengeelbiwe) gy
vS 0T TL0- 990  0T0- 960 G6C o1eD aioburodjooeieq Ly
8y Tre 6.0- 190  9T0- G600 11T 8[euloln ojodne-ouelpRonb8E)  9Y
Sz 19%€ G§0-  ¥.0  200- 860 LT eimund onasulauolzalurofe Gy
0T vL'S €5T- 050  €90- /80 09¢ 019eD adad-o166eulio) o|[eAed
€T I8V 060- 690  280- S80 GFT ojobuy opasojobidseinnod gy
68 SI'T €00 1670 000 660 8T (N 0200]('3)UBJOA'OAISS 2
9z 95¢ 0zT- L0  9L0- 160 9¥T €Uu0D ojuowelejRiseb Ty
vT 857 9zT- 8,0 9T'T- 880 €€T epeds oJapuenbrewersosed O
9z 95°€ ST0- 960  050- S60 6CT 0zznis BAON'0[[300N'90[8  BE
0z TITY 80  YIT 0T TTT 6T oIffsoN Wiy onlye-oe  gg
6 ¥EE vwo- 260 €€0 €0T 1T e|jed BABU'BIBJSOIOA /€
98" GT'T AN ¢80 08'0- ¢60 12T eloURd BLIR'BIJUBA'ONOS  9F
o ¥5¢ 290- 680  y0- S60 LTT esfed  BUOISSI|LIOJ[EAIBIUIOUSW  GE
W 7.2 T20- 960  090- ¥60 SOT eqleg ozzidelou'e|oalq €
VANA S 6¢°0- S6°0 LyV'0- 960 160 ause) O||9dewW OJUBWIE'dJeA  E€E
L& 16T €€0-  S60 w0 v0T  ¥60 ooueg ejonas‘ojoreyesod  zg
vT 6EY €90 80T 950 SO0T 060 aIpeN eluesewweweyad 1€
9, €S'T G.°0- 060 90'T- T60 98’0  oiffensiy oounsaeisid’'olod Qg
GL ST L0T- 980  €50- S60 60 uTle) 001UBJOQ OIRNINBHNY. 67
onead X (uno)z  wno  Guulz Ul g uofinjos wel  #

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2021 March 01.

in

available

J Creat Behav. Author manuscript



Page 19

Salvi et al.

*alreuuonsend

JUBLUBASILDY BAIRaID) = DVD SEL S8S SAIRWIR)Y = 1 NV ‘SSOLIRI aAISSaIf0ld pIepuelS = NS ‘1531 Sa1eIo0ssy a10Way = 1wy ‘eydfe s,4oequold = D ‘SISOLNY = "N ‘SSBUMBYS = ‘Ma)S

‘leuoBeIp 8y} 8A0QE Je SUONR[31I100 UewIeadS ‘[euoBelp urew ay) Mojag pauiodal a1e SUOIIe|91109 uoslead

100" >0
KEX
‘10>d
KK
‘50" >d
"
‘0T >d
4
‘310N
T s €8 g0 er AST 80" sxxiC oy 988 20T S€8 009 /S8 OvD 0T
e L€ T o f6 ST L, T8 VT VT L9 - 69T 90 96 006 696 Aouanyy - 1NV 6
wxx V€ ey 56 T 0T s VT e B - 0gz  oy0 sgE 002 2L Amgey-1nv'g
9’ oT’ S0’ T «6T L0 10 0T - 9T€ 60 €9 96C 65€  Aueubuo-1nv L
K00 L T8 L, 08 OT T salC BT TV ge zzz TTO 020 002 25T diybisuldisserd 19
s e 4T 90 T T 8 %€ g8 00V 680- 299 0097 0SSP INdS uaney 'g
LU T T e 9T 6T T w9 26 09€ 250 960 8T0- 000 sweibeuy g
s 8 057 0 85 T 88 L, TE 09 T 68 28C GO0~ G60 €00 000 vyt

ot 6 8 L 9 g € T D uny Mme¥s dS  UPIN I
"SUOIR[3.1109 pue sansnels aAnduoasag

€ 9|gelL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Creat Behav. Author manuscript; available in PMC 2021 March 01.



	Abstract
	Method
	Participants

	Materials
	Italian RAT
	Italian Anagrams
	Classic insight problems
	Raven’s Standard Progressive Matrices (SPM; Raven, 1965; Italian validation by Spinnler & Tognoni, 1987)
	Alternative Uses Task (AUT - Guilford, 1967; see also Palmiero, 2015; Palmiero et al., 2017)
	Creative Achievement Questionnaire (CAQ – Carson et al., 2005)

	Procedure
	Analyses

	Results
	Psychometric properties of the final item sets

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

