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The Role of Asking More Complex Questions in Creative Thinking
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Question asking has been a critical tool for teaching and learning since the time of Socrates and is important
in the creative problem-solving process. Yet, its role in creativity has insofar not been thoroughly explored.
The current study assessed the role of question asking in the creative process. A correlational preregistered
design was used to administer the alternative questions task (AQT) to explore its relation to cognitive and
creative divergent thinking tasks. In the AQT—which is based on Torrance’s unusual questions task—par-
ticipants are asked to generate creative and unusual questions for common objects. Responses are rated for
their question level using the Bloom’s taxonomy, a widely accepted guideline in designing examination
questions of differing levels of complexity, as well as their subjective and objective creativity. A significant
positive relation between AQT question level and objective and subjective creativity scores was found:
Higher, more complex questions were more creative, with the inverse effect for lower-level questions.
We interpret these findings as supporting the hypothesis that higher question complexity is related and pre-
dictive of creative ability. A second study replicated and generalized our findings. Thus, our findings
uniquely highlight the role of question asking, and especially question complexity, in creativity.
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Creativity entails both idea originality and appropriateness
(Runco & Jaeger, 2012). Thus, creative ideas or solutions require
skilled problem solvers to search their memory and “move away”
from common ideas toward ideas that are more novel or conceptu-
ally distant (Abraham & Bubic, 2015; Beaty & Kenett, 2023;
Benedek et al., 2023; Kenett, 2018; Kenett & Faust, 2019; Volle,
2018). However, creative thinking is also critically motivated by
information-seeking behaviors that are driven by curiosity and
the personality trait openness to experience (Kenett et al., 2023).
Such information-seeking tendencies likely promote problem find-
ing, the first stage in the creative problem-solving process (Reiter-
Palmon & Robinson, 2009).

Problem finding is considered the first stage of the creative problem-
solving process but is still far from being understood (Okuda et al.,
1991). It can be defined in general terms as the process or processes
that precede problem solving (i.e., occurring before a problem can
be solved). Operationally, it may involve the identification of a prob-
lem or the definition of an ambiguous situation into a workable prob-
lem or the raising of questions from ill-defined problem situations
(Getzels, 1979; Runco & Nemiro, 1994).
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[lI-defined problems often entail multiple, even sometimes conflict-
ing, goals (Getzels, 1979; Schraw et al., 1995). There are multiple pos-
sible approaches to solve ill-defined problems. Before ideas can be
generated, then evaluated, and selected for implementation, a process
is needed to conceptualize and structure the ill-defined problem.
During the problem finding process, an individual identifies, assesses,
and structures a problem (Reiter-Palmon & Robinson, 2009).
Constructing a new or unique approach to solving a problem
makes the generation of creative ideas for solving the problem
possible (Yang et al., 2022).

Past research indicates that problem finding and construction are
positively related to creative problem solving (Mumford et al.,
1991, 1994; Reiter-Palmon et al., 1997, 1998) and to divergent
thinking measures of creativity (Abdulla et al., 2020; Alabbasi
et al., 2023; Arreola & Reiter-Palmon, 2016). Reiter-Palmon et al.
(1997, 1998) have found that people who excel at problem-finding
tend to restate problems as questions, resulting in ambiguous or ill-
defined problems. The researchers measured problem-finding ability
based on the quality and originality of these restatements. However,
much is still unknown about the specific types of these questions
asked and their relationship to creative thinking.

The aim of the current study was to reintroduce the assessment of
question asking in creativity research by using a creative questions
task, and by utilizing current computational semantic distance
methods to quantitatively assess participants’ questions and their
creativity. Critically, we focus on the role of question complexity
in creativity, via an established taxonomy of learning objectives
(the Bloom taxonomy).

Question Asking

An important but understudied part of creativity that likely facil-
itates information seeking behavior is question asking ability. In fact,
question asking has been shown in the past to be part of the creative
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problem-solving process in children (Torrance, 1970). One of the
tasks historically used to assess question asking was the unusual ques-
tions task (UQT), based on Burkhart’s (1961) divergent questions
task, the UQT was part of the original version of the classic creativity
assessment battery, the Torrance Test of Creative Thinking (TTCT;
Torrance, 1966). The TTCT is one of the most widely used and stud-
ied measures of creative idea generation (Grajzel et al., 2022). The
UQT was developed to assess divergent thinking, similar to the com-
mon and popular alternative uses task (AUT), which requires partici-
pants to generate alternative uses to objects (Acar & Runco, 2019).
The UQT was conducted under timed conditions, and yielded two
major scores, fluency, and originality. Fluency was scored as the
total number of nonrepeated responses emitted (i.e., questions
asked) while originality was scored by the use of norms and criteria
reported by Torrance (1966). However, later versions of the TTCT
removed the UQT from its battery of divergent thinking tests, which
is perhaps part of the reason for the lack of research in the field of
question asking and divergent thinking.

Creative people often question their assumptions and lead others to
do the same in their search for answers (Sternberg & Williams, 1996).
Albergaria-Almeida (2011) have argued for the importance of critical
thinking skills in higher education and that creative abilities are
directly related to questioning such that students ask questions that
are coherent with their creativity levels. Albergaria-Almeida (2011)
implemented several teaching and learning strategies in a chemistry
and geology course, as a way of encouraging students’ questioning.
The authors found that lower creativity was associated with students
that ask mainly closed, less complex questions which relate to simple
facts and concepts, and higher creativity with those who can ask all
kinds of questions including more complex, specialized higher-level
questions which reveal working hypotheses and application of new
knowledge (see also Acar et al., 2023).

Ronfard et al. (2018) examined current research on question asking
in childhood by focusing on the epistemic function of questions—the
use of questions to bridge a gap in knowledge or to resolve uncer-
tainty. They highlight the great variability in the quality and quantity
of the questions people ask, influenced by imprecise, poorly worded
questions, as well as variablity in the number and precision of ques-
tions people ask. The authors argue that question asking is a powerful
learning strategy, yet research on questions has been relatively sparse
and isolated across several disciplines (but see Gottlieb, 2021; Nelson,
2005; Rothe et al., 2018; Sasson & Kenett, 2023). Therefore, an
important question remains: What is the role of question asking in cre-
ativity? Based on Van Der Meij’s (1994) componential analysis of
student questioning, one possibility is that question asking is a critical
mechanism in facilitating problem finding, the first stage of the crea-
tive process (Reiter-Palmon & Robinson, 2009).

Van Der Meij (1994) argues that when developing questions, the
student must articulate and express the problem or perplexity they
encounter. Van Der Meij (1994) claims it is quite likely that the stu-
dent’s questioning transition from perplexity to the formulation and
expression of a question is a most difficult process and compares it to
the subtle difference between problem finding and problem formu-
lation. Whereas the first refers to finding the problem area, it is the
second that enables the person to initiate a creative approach to the
problem. Thus, question asking may be critical in facilitating prob-
lem finding behavior. However, it remains unclear how best to assess
question asking ability. A possible approach to examine this issue is
via the Bloom taxonomy.

The Bloom Taxonomy

Baloche (1994) argues that the teacher’s skill in asking questions is
very important to the development of their students’ creative thinking
skills and that higher level questions, which involve more complex
and abstract ideas, such as creation of new topics and expression of
opinions, are beneficial to fostering creativity. Thus, it seems that
question level and complexity are an important aspect to consider in
studying question asking. One possible approach to study question
level is utilizing Bloom’s taxonomy (Bloom et al., 1956). Bloom’s
taxonomy has been widely accepted as a guideline in designing cog-
nitive learning objectives of differing levels (Adams, 2015; Goh et al.,
2020; Omar et al., 2012). Specifically, the taxonomy includes six cog-
nitive levels, which are hierarchically ordered from simple to complex.
Previous studies analyzed Bloom taxonomy levels in a quantitative
manner, where each question is assigned a Bloom’s rating of one to
six in accordance with each cognitive level (Oliver et al., 2004;
Plack et al., 2007; Zheng et al., 2008). Krathwohl (2002) interprets
the taxonomy as proceeding from simple to complex, in relation to
increasing levels of the taxonomy. Thus, a quantitative, simple to
complex rating of questions based on the Bloom taxonomy allows rat-
ing and classifying question complexity. Furthermore, it is assumed
that the taxonomy represents a cumulative hierarchy; that is, mastery
of each simpler category is a prerequisite to mastery of the next more
complex one (Krathwohl, 2002). An updated version of Bloom’s tax-
onomy includes the following levels, in ascending order of complex-
ity (Krathwohl, 2002): remembering (retrieving relevant knowledge
from long-term memory, for example when or how did X happen),
understanding (determining the meaning of instructional messages,
including oral, written, and graphic communication, e.g., how would
you summarize...?), applying (carrying out or using a procedure in
a given situation, e.g., how would you solve X using what you have
learned), analyzing (breaking material into its constituent parts and
detecting how the parts relate to one another, e.g., how can you
make a distinction between...?), evaluating (making judgments
based on criteria and standards, e.g., how would you prove or dis-
prove...?7), and creating (putting elements together to form a novel,
coherent whole, e.g., what changes would you make to solve...?).

Bloom’s taxonomy is widely used in education (Forehand, 2010;
Granello, 2001); however, few attempts have been made to utilize it
in measuring creativity in the context of cognitive psychology, and
especially among adults (Grebin et al., 2020). Thus, we propose uti-
lizing the Bloom taxonomy as a measure of question complexity to
understand the role of question asking in general—and specifically
more complex questions—in creativity. Furthermore, Smith (1970)
and Roberts (1976) have found conflicting results on the relation
between intelligence and cognitive abilities with Bloom taxonomy
levels, with Smith (1970) finding support for the positive relation
and Roberts (1976) finding none. As such, studying specific
Bloom level of questions and their relation to creativity and intelli-
gence may help elucidate the exact relation between cognitive abil-
ities and question level. This can be achieved via relating question
asking ability to individual differences in divergent thinking, the
most commonly assessed cognitive component of creative thinking.

Divergent Thinking

One extensively studied aspect of creativity is divergent thinking.
Divergent thinking tests are among the most commonly used in cre-
ativity research (Acar & Runco, 2019), conceived as a key cognitive
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foundation of creativity (Baer, 2012; Runco, 2010). Divergent think-
ing allows generating creative ideas by exploring many possible
solutions or ideas. Some researchers suggest that this occurs in a
spontaneous, but sometimes linear manner (Hass, 2017a, 2017b),
such that many ideas are generated in an emergent fashion
(McCrae, 1987; Runco, 1992). Because some of the resulting
ideas are original, divergent thinking represents the potential for cre-
ative thinking (Runco, 1986). Additionally, previous meta-analyses
found support that divergent thinking and creative achievement are
modestly and positively related (Kim, 2008; Said-Metwaly et al.,
2022).

One of the commonly used divergent thinking tasks is the AUT
(Guilford, 1967). In the AUT, participants are presented with an
object (e.g., a brick) and are required to think of as many uses as
they can (Acar & Runco, 2019). Previous studies have shown that
responses on such tasks typically follow a clear pattern in which par-
ticipants initially generate many relatively common ideas, followed
by increasingly more novel responses, generated at a slower pace
(Bai et al., 2021; Beaty & Silvia, 2012). In the past two decades,
divergent thinking has been strongly linked to intelligence (Batey
et al., 2009; Lee & Therriault, 2013; Silvia, 2008, 2015), openness
to experience (Batey & Furnham, 2006), and curiosity (Celik et al.,
2016; Vidler & Karan, 1975). While question asking was originally
included in the TTCT in assessing divergent thinking (Torrance,
1966), at some point it was removed from the TTCT, and research
mostly focused on the AUT. Thus, it remains unclear whether the
relations found between the AUT and intelligence, openness, and
curiosity, are similar with question asking as assessed in the alternate
questions task (AQT).

Additional Capacities Related to Creativity

There is ample reason to expect similar relations between question
asking and additional cognitive factors (e.g., intelligence, openness,
and curiosity), as found with the AUT. Studies have found an incon-
sistent relationship between question asking and intelligence (Roberts,
1976; Smith, 1970). Additionally, openness to experience, which has
been linked to divergent thinking (Batey & Furnham, 2006), is
strongly related to information-seeking behavior (Kenett et al.,
2023; Woo etal., 2014), and as such might also play a role in question
asking as related to creativity. Such is also the case for curiosity, as a
motivating driver in creativity (Gross et al., 2020; Koutstaal et al.,
2022), most likely realized by question asking (Kenett et al., 2023).
Thus, several additional capacities that have been shown to be related
to creativity may also play a critical role in question asking.

Fluid intelligence (Gf) is commonly defined as the ability to solve
problems in unfamiliar domains using general reasoning methods
(Avitia & Kaufman, 2014; Carroll, 1993; Cattell, 1963). Beaty and
Silvia (2012) and Silvia (2015) have shown the strong relationship
between Gf and creativity. Additionally, a latent Gf variable strongly
predicted the creativity of response to unusual uses tasks (Silvia,
2008). Broad retrieval ability (Gr) has been found to have effects
on divergent thinking that are distinct from the effects of Gf, such
as ideational fluency and encoding ability (Silvia et al., 2013). Gr
refers to the ability to retrieve information stored in long term mem-
ory, an ability that has been strongly linked to divergent thinking
(Avitia & Kaufman, 2014). As such, we propose also testing Gr abil-
ity in this study as it may provide additional information on the rela-
tion between divergent thinking, creativity and question asking.

Openness to experience is one of the big-five personality traits; it
is heritable, stable across adults, universal, and is related to divergent
thinking and to creativity (Conner & Silvia, 2015; McCrae &
Greenberg, 2014; Oleynick et al., 2017). In fact, in studies and in
meta-analyses, openness to experience is perhaps the strongest pos-
itive predictor of creativity (Oleynick et al., 2017; Puryear et al.,
2017).

A meta-analysis consolidated the results of studies of the associ-
ation between curiosity and creativity and found a significant asso-
ciation between higher curiosity and greater creativity (Schutte &
Malouff, 2020). But as Koutstaal et al. (2022) note, this meta-
analysis only looked at self-reported creativity and curiosity, and
not behaviorally assessed. Koutstaal et al. (2022) assessed curiosity
by using a behavioral curiosity measure of novel question asking and
the classic AUT measure of divergent thinking. The measure used
was a novel Q&A curiosity task in which participants were presented
with six brief factual statements about a variety of subjects, such as
notable feats of mountain climbing. After each stimulus, participants
were given the opportunity to ask—by typing into a text box—any
questions that might naturally arise in relation to that stimulus. They
found that originality of responses on the AUT significantly and pos-
itively correlated with the novelty of questions that participants
asked on the curiosity Q&A task. We claim this provides further jus-
tification that question asking plays an important role in creativity,
and mandates further exploration, perhaps even beyond the scope
of curiosity.

The Present Research

The current study examines the role of question asking in creativity.
In Study 1, we introduce the alternative questions task (AQT) to eval-
uate the relation between question asking ability and creative thinking.
The AQT, which is based on the historic UQT by Torrance (1966),
requires participants to generate creative and unusual questions
about common objects such as a pillow or a pencil. The AQT differs
from the classic UQT by focusing on question complexity—assessed
via the Bloom taxonomy—and by capitalizing on recent advances in
quantitative assessment of creativity (Kenett, 2019).

Subjective scoring of creativity, despite its strengths, has its limits;
most notably, human raters do not always agree on what they find cre-
ative, and they are often asked to score thousands of responses—Ilead-
ing to rater fatigue and negatively impacting the reliability of their
ratings (Forthmann et al., 2017; Kaufman, 2019; Silvia et al.,
2008). Over the past several years, an increasing amount of research
is using corpus-based computational linguistic models to compute
the conceptual, or semantic, distance between participants’ AUT
responses and its object prompt (Beaty & Johnson, 2021; Dumas
et al., 2021; Organisciak et al., 2023; Yu et al., 2023). Such a quanti-
tative, objective, measure has been found to be reliably and positively
related to subjective assessment of response novelty, negatively
related to subjective assessment of response appropriateness (or use-
fulness), and positively related to subjective assessment of response
creativity (Beaty & Johnson, 2021). Given that the AQT also assesses
divergent thinking (Torrance, 1966), it is likely that such objective
measures applied on the AUT can also be used in the AQT.

In the current study, we assess both AUT and AQT objective and
subjective creativity scores. In addition, participant’s AQT question
responses were classified according to Bloom taxonomy levels by
external raters. In addition, participants underwent Gf, Gr, openness,
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and curiosity assessments. In Study 2, we replicated and generalized
the results of Study 1 by switching the stimuli between the AUT and
AQT tasks to eliminate specific stimuli confounds. Thus, our
research question is: What is the relation between question asking
and creativity, and what is the role of complexity and additional
capacities related to creativity in facilitating this relationship?

In both studies, we expected to find a relation between average
Bloom question level and objective and subjective AQT and AUT
creativity scores, that is, higher average Bloom level responses
will be related to higher objective and subjective creativity scores
(H1). We also theorized that higher levels in the taxonomy refer to
more cognitively complex questions, while the lower levels repre-
sent lower complexity, with the average participant gravitating
toward average Bloom level (H2). Additionally, we expected higher
frequencies of lower Bloom level questions to correlate negatively
with objective and subjective creativity scores, whilst higher fre-
quencies of higher-level questions to be positively related (H3).
Based on the UQT’s origins as a measure of divergent thinking,
we hypothesized a positive relation between the AQT and the
AUT creativity scores (H4). Finally, we expected that performance
in the AQT will also be related to Gf, Gr, openness, and curiosity
scores as will performance on the AUT (HS).

The studies conducted here are the first of their kind and as such,
exploratory in nature. Nevertheless, both studies were preregistered
and available on as predicted (https:/aspredicted.org/WBL_T1P).
In addition to the preregistered analyses, we also ran an exploratory
ad hoc analysis of response order and its effect on Bloom questions
level scores across participants’ responses on the AQT. We also ana-
lyzed the distribution of Bloom question levels across all items to
examine the differences between each level.

Study 1

Study 1 aimed to directly examine the role of question asking in
creative thinking. This was achieved via administrating the AQT.
The AQT was inspired by the original UQT, and was constructed
similarly to the AUT, where participants generate alternative uses
for common objects. This was done under the assumption that this
task structure would yield a valid and tested approach for generating
fluent and novel question responses from participants (Torrance,
1966). In the AQT, participants are required to generate creative
and unusual questions about common objects (pencil, pillow, and
sock). Exploration of performance in this task will allow us to better
understand the role of questioning abilities in creativity, as well as
related cognitive capacities.

Method
Participants

Sample-size estimation for Study 1 was based on a priori power
analyses using G*Power (Version 3.1.9.7; Faul et al., 2007) for lin-
ear multiple regression. This analysis determined that 118 partici-
pants would be necessary to achieve a R squared effect size of .30
with 99% power, o. error probability of .05, and 10 tested predictors.

In total, 119 individuals recruited on Prolific Academic partici-
pated in the study for £4.6. Ten participants who did not provide
answers for the AQT or AUT were excluded from the analysis.
Thus, the final analyzed sample consisted of 109 participants
(47.9% male, 50.4% female, 1.7% preferred not to say; Mg =

26.1 years, SD =6.41 years, mean years of formal education =
13.5 years, SD =35 years). This research was approved by the
Technion—Israel Institute of Technology Institutional Review
Board.

Measures
The AUT

In the AUT (Acar & Runco, 2019; Guilford, 1967), participants
are required to generate as many alternative uses as possible for a
common object such as a pen, a brick, or a paperclip. For instance,
alternative uses for a brick could include a bed riser, a place mat, or a
weapon. AUT objects used in this study were taken from the sug-
gested objects provided by Beaty et al. (2022) for the AUT (knife,
purse, and clock). As in prior work (Runco et al., 2005; Said-
Metwaly et al., 2020), participants were explicitly instructed to
come up with as many original and creative uses for objects as
they can. They were asked to come up with creative uses, which
were defined in the study as uses that strike people as clever, unusual,
interesting, uncommon, humorous, innovative, or different.
Participants provided their responses on a single page with 30 avail-
able input fields and had access to their previous answers. Time lim-
its were 2 min per object.

The AQT

The AQT, based on the UQT, requires participants to generate
creative and unusual questions about three common objects in
2 min for each object. AQT objects were taken from the suggested
items provided by Beaty et al. (2022) for the AUT (pencil, pillow,
and sock). As in the AUT and in prior work (Said-Metwaly et al.,
2020), participants were explicitly instructed to come up with as
many original and creative questions for objects as they can.
Creative questions were defined in the study as questions that strike
people as clever, unusual, interesting, uncommon, humorous,
innovative, or different. Participants provided their responses on
a single page with 30 available input fields and had access to
their previous answers. Time limits were 2 min per object.
Although this seems like it might be a difficult task for participants,
we decided not to give examples as to avoid biasing toward a spe-
cific level of question response, which would impact potential
question level variance.

AUT and AQT Analyses
Fluency

Fluency was calculated as the average number of responses given
across three items, computed separately for the AUT and AQT. Raw
AUT and AQT responses were preprocessed by the first author to
eliminate invalid or inappropriate responses, which consisted of
incomplete sentences or irrelevant answers or symbols. A few of
the responses to the AQT were largely incomplete, perhaps due to
insufficient time while almost all AUT responses were appropriate.
AQT responses that did not include a coherent, complete response
in the form of a question, as instructed, were removed before analysis
and scoring. Responses that contained adult language were also
removed from the external scoring methods. Total excluded
responses accounted for less than five percent of total responses.
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Subjective Creativity Scoring

AQT responses were rated for creativity. The present research uti-
lized snapshot scoring of divergent thinking tasks, in which the set
of responses receives a single holistic rating (Runco & Mraz, 1992;
Silvia et al., 2008). Online raters from Prolific Academic scored
responses using a 1 (not at all creative) to 5 (very creative) scale
(see Appendix A). Each object cue was rated by five different inde-
pendent raters. Scores were averaged across the three AQT objects to
create an average subjective creativity score for every participant.
Raters were paid 4.6 pounds for their participation in the subjective
creativity ratings. Raters who failed attention checks were excluded
from the final data set. Reliability metrics for AQT subjective crea-
tivity scores were moderate (Koo & Li, 2016), and as follows: pencil
(N=3, a=.625), pillow (N=3, a=.56), and sock (N=3,
o=.671). These reliability scores correspond to previous studies
(e.g., Beaty et al., 2023) using the same online crowdsourcing sub-
jective rating of AUT responses approach (Hass et al., 2018).

Objective Creativity Scoring

Although creativity subjective scoring methods have proved use-
ful, they have two inherent limitations—Ilabor cost (raters typically
code thousands of responses) and subjectivity (raters vary on their
perceptions and preferences; Beaty & Johnson, 2021). As such, cre-
ativity researchers are increasingly using computational tools such
as semantic distance to assess creativity (Kenett, 2018, 2019), as
semantic distance provides a quantitative, objective, alternative to
manual scoring by human raters (Beaty et al., 2022; Beaty &
Johnson, 2021; Dumas et al., 2021; Organisciak et al., 2023).
Semantic distance is based on computational linguistic models,
that allow representing the similarity (or its inverse, distance)
between concepts in multidimensional semantic spaces (Gtinther
et al., 2019). In creativity research, such computational tools are uti-
lized to quantitatively assess the semantic distance between the
object and the open-ended response generated to it (such as in the
AUT). Importantly, research has strongly demonstrated how such
quantitative measures strongly relate to subjective ratings of idea
originality, appropriateness (usefulness), and creativity (Beaty &
Johnson, 2021; Dumas et al., 2021; Organisciak et al., 2023).

To conduct automated scoring of the AUT and AQT responses,
we applied a recently developed automated creativity score, the max-
imum associative distance (MAD) scores (Yu et al., 2023). Within a
response, MAD measures the semantic distance of the word that is
maximally remote from the cue word to reflect response novelty
and elaboration. Yu et al. (2023) found MAD to be more strongly
correlated with human subjective creativity ratings than competing
methods. In addition, MAD scores reliably predict external measures
such as openness to experience. Even though MAD was developed
specifically for the AUT, its high correlation with human creativity
ratings and emphasis on measuring divergent thinking, combined
with the AQT’s origins as a historically divergent thinking task,
make MAD a promising potential tool for measuring creativity in
the AQT.

To evaluate the objective creativity of a response, we computed
MAD scores for the AUT and AQT stimuli (e.g., pencil) and partic-
ipants’ responses by computing the distance between the vectorized
word representations in a high dimensional vector space (semantic
space) using the MAD python package as done by Yu et al
(2023). MAD scores were averaged across the three items to obtain

average AQT MAD scores and average AUT MAD scores for each
participant as their objective creativity scores.

Bloom Hierarchy

AQT responses were scored for their respective Bloom level (from
one to six: remember, understanding, applying, analyzing, evaluating
and creating). The revised edition of Bloom’s taxonomy (Bloom et al.,
1956; Krathwohl, 2002) was used. Online raters from Prolific
Academic were instructed on the Bloom taxonomy levels and rated
AQT responses by assigning the Bloom level they ascertained from
the relevant AQT response (see Appendix B). Rating instructions
included an explanation of the types of questions asked for each
Bloom level, alongside key terms related to each Bloom level. Each
object cue was rated by 10 different independent raters. Raters who
failed attention checks or gave incomplete ratings were excluded
from the final data set. Reliability metrics for AQT objects on their
Bloom level ratings were overall good (Koo & Li, 2016) as follows:
pencil (N =4, o.=.752), pillow (N =3, oo =.727), and sock (N=
10, oo = .768). Average Bloom scores were then calculated as the aver-
age level score of all participant’s responses across all AQT objects.
Examples of responses corresponding to each bloom level as rated
by external trained raters for the cue pillow are presented in Table 1.

Intelligence

Participants completed intelligence tasks, assessing lower-
order facets of general intelligence: fluid intelligence (Gf) and
broad retrieval ability (Gr). Gf tasks include: (a) a number series
task (18 items, 6 min), which presents sequences of numbers that
change based on a rule and asks participants to select the next
sequence (Thurstone, 1938) and (b) a series completion task
from the Culture Fair Intelligence Test (16 items, 4 min), which
presents sequences of three changing images (small line draw-
ings) and asks participants to select the next image that fits the
rule governing their change (Cattell & Cattell, 1961/2008).
Scores of both Gf tasks were averaged into one average Gf
score. Gr tasks include a category fluency task: listing animals
(2 min; Ardila et al., 2006).

Personality

Personality was measured using the big-five factor model,
including facets, based on the NEO-PI-3 questionnaire (Costa &
McCrae, 1992). We measured only openness to experience/intel-
lect (23 items, 7 min) as it has been found to correlate with creativ-
ity (Oleynick et al., 2017). Internal consistency was acceptable
(0 =.770).

Curiosity

All participants completed a recently developed short 22-items
questionnaire that assesses various aspects of curiosity. These
22 items were identified and selected from the following existing
questionnaires: the five-dimensional curiosity—social curiosity,
workplace curiosity—organizational curiosity, I/D-type curiosity—
intellectual cognition, information seeking, and perceptual curiosity
(Collins et al., 2004; Kashdan et al., 2020; Litman, 2008; Litman &
Jimerson, 2004; Litman & Spielberger, 2003). Reliability for the
adapted scale was acceptable (oo =.702).



This document is copyrighted by the American Psychological Association or one of its

personal use of the individual user

ntended solely for the

RAZ, REITER-PALMON, AND KENETT

Table 1
Examples of Question Responses Corresponding to Each Bloom Level as Rated by External Trained Raters for
the Object Pillow

Bloom level

Example

—

. Remembering—these types of questions address terms, facts, and

details without necessarily understanding the concept.

Why isn’t it hard?

2. Understanding—these questions test the ability to summarize and What is it for?
describe in our own words without necessarily relating it to anything.

3. Applying—these questions involve applying or transferring learning ~ What’s the most convenient pillow?
to our own life or to a context different than one in which we learned.

4. Analyzing—these questions are about breaking material into parts, Do you like to put your hand inside the pillowcase
describing patterns and relationships among parts, to subdivide while sleeping?
information and to show how it is put together.

5. Evaluating—evaluation questions involve developing opinions and Do you prefer to have the buttons of the pillowcase
making value decisions about issues based on specific criteria. to be on the left or right?

6. Creating—these questions involve creating something new by using ~ Would it be possible to create biodegradable
a combination of ideas from different sources to form a new whole. pillows, since after years of use, they’re gross and

unrecyclable?
Statistical Analysis experiment or who gave incomplete answers or skipped more than a

We conducted Pearson’s correlation analyses to examine the rela-
tion between Bloom levels, and subjective creativity and objective
creativity scores. Average Bloom scores were calculated as the aver-
age level score of all the participant’s responses across the AQT
object prompts. The average Bloom score is a measure that we
hypothesized to be positively correlated to subjective and objective
creativity such that higher average participant Bloom scores correlate
with higher objective and subjective creativity scores. We also tested
the correlation between the frequency of each individual Bloom
level and the other variables in our data set—intelligence, personal-
ity, and curiosity, and our control variables of sex, age, and level of
education. This individual Bloom level analysis is meant to further
differentiate between high (more complex) and low (less complex)
Bloom level questions. We hypothesized here that lower Bloom lev-
els will correlate negatively with creativity scores, medium levels
will not be correlated, and high levels will be positively correlated.
Finally, we computed multiple linear regression models that tried
to predict AUT and AQT objective creativity scores, based on the
other remaining variables that were tested and known in the literature
to correlate with divergent thinking tasks. In addition to the prereg-
istered analyses described above, we also ran an analysis of variance
(ANOVA) of response order and its effect on Bloom question level
scores across participants’ responses on the AQT. We also analyzed
the distribution of Bloom question levels across all items to examine
the differences between each level using a repeated measures
ANOVA.

Procedure

Participants were asked to endorse a consent form to indicate they
agree to participate in the study. Upon consent, participants received
an explanation of the course of the experiment. Participants then gen-
erated questions in the AQT for three randomly ordered objects (pen-
cil, pillow, and sock) and then answered in the following order—a Gf
intelligence task, an openness to experience personality questionnaire,
a curiosity questionnaire, and lastly a Gr semantic fluency task. Next,
they were asked to generate alternate uses in the AUT for three differ-
ent objects (knife, purse, clock). Finally, they filled out a demographic
questionnaire. We excluded only participants who failed to finish the

few questions or failed to provide responses for the AQT or AUT.
Attention checks were randomly placed during the questionnaire
parts of the experiment as questions instructing participants to select
a certain answer.

Results

Comparing AQT and AUT Performance

We began our analysis by preprocessing AUT and AQT raw
responses for subsequent planned analyses, by removing invalid
or inappropriate responses. A few responses to the AQT were largely
incomplete, perhaps due to insufficient time while almost all AUT
responses were appropriate. Responses that contained adult lan-
guage were also removed. Total excluded responses accounted for
less than five percent of total responses. To assess the difficulty of
the AQT compared to the AUT task, we began by examining partic-
ipants fluency performance in the AQT compared to the AUT,
alongside their additional behavioral assessment (Table 2). This
was done in order to dispel concerns that perhaps the AQT responses
were limited due to time constraints. This analysis revealed no sig-
nificant differences in fluency between the AUT (M =5.192,
SD =2.071) and AQT (M =5.311, SD =2.297), #(108) =0.539,
p=.591, d=—0.05. Thus, the time limits were sufficient for both
the AQT and AUT. Furthermore, at the end of the study we gave par-
ticipants the opportunity to provide feedback on the difficulty of the
study. Qualitative analysis of these responses revealed that almost all
participants reviewed the task as enjoyable and interesting but not
too difficult. The results also showed that participants differed in
their objective creativity scores, generating more semantically dis-
tant responses to the AQT (M =0.904, SD =0.01) compared to
the AUT (M =0.808, SD =0.05), #(108) =18.95, p <.001, d=
1.8. We then proceeded to analyze all tasks conducted in this
study. Table 2 provides descriptive information for all variables
examined in this study.

Correlations of Main Study Variables

Next, we examined the relationship of the AQT with all other
assessed variables using Pearson’s correlation analysis (Figure 1;
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Table 2
Descriptive Information for Study Variables

Variable M SD Min Max
AUT fluency 5.192 2.071 1.67 12.67
AUT objective creativity 0.808 0.054 0.64 0.90
AQT fluency 5.311 2.297 1 14
AQT objective creativity 0.904 0.015 0.86 0.94
AQT subjective creativity 2.277 0.346 1.54 3.31
AQT bloom score 2.793 0.458 1.74 3.62
Gf 6.825 2.00 25 10.5
Curiosity 3.541 0.456 2.18 4.77
Openness to experience 70.733 8.261 47 92
Semantic fluency Gr 25.76 8.56 6 50
Age 26.222 6.433 18 51
Years of formal education 13.532 5.154 10 23

Note. AUT = alternative uses task; AQT = alternative questions task;
Gf =fluid intelligence; Gr = retrieval ability.

correlation table can be found in Appendix C). Additionally, to fur-
ther understand the effect of question complexity on creativity, we
separately examined Bloom levels one to six’s relation to objective
and subjective AQT creativity (Figure 1). Bloom level-based
scores are the frequency of answers given by a participant for
each one of the six Bloom taxonomy levels.

Average Bloom levels (the average Bloom question level of all
participants’ AQT responses) were significantly positively corre-
lated with AQT objective creativity scores, r(109) = .510, p < .001,
and AQT subjective creativity scores, r(109)=.552, p <.001.
Bloom average questions levels were negatively correlated with
AQT fluency, r(109) = —.249, p =.009. AQT objective creativity
scores were also significantly positively correlated with AUT objec-
tive creativity scores, 7(109) =.247, p = .01, AQT subjective crea-
tivity scores, r(109) =.543, p <.001, and negatively correlated
with AQT fluency, r(109) = —.333, p <.001. Furthermore, AQT

Figure 1
Pearson’s Correlation Analysis of AQT
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subjective creativity scores were significantly positively correlated
with Gf, r(109) =.238, p =.013, and negatively correlated with
AQT fluency, r(109) = —.343, p < .001, while AUT objective cre-
ativity scores were positively correlated with Gf, r(109) =.249,
p =.009.

Although not in the preregistration, as a follow up test we ana-
lyzed the distribution of Bloom question levels across all items
in order to examine the differences between Bloom levels and to
test the effect of fluency on each level. The average distribution
of question levels across all items tested were Bloom Level 1:
14.66%, Bloom Level 2: 24.45%, Bloom Level 3: 35.87%,
Bloom Level 4: 17.30%, Bloom Level 5: 7.33%, and Bloom
Level 6: 0.36%. Additionally, a Kolmogorov—Smirnov test indi-
cated that average Bloom level scores follows a normal distribu-
tion, D(108) = 0.042, p = .200.

We then examined specific Bloom level response frequency for
each participant. A Greenhouse—Geisser repeated measures within-
subject ANOVA revealed that frequencies of responses differed
significantly for individual Bloom levels, F(5, 540)=90.928,
p <.001, nﬁ =.457. Post hoc Bonferroni corrected paired-samples
t-test analyses revealed that all comparisons were significantly dif-
ferent (all ps < .05), except the comparison between Bloom Level
1 (M=2.238, SD=2.55) and Bloom Level 4 (M =2.64, SD =
2.01), 1(109) =0.404, p=1.

Individual Bloom Level Analysis

When analyzing the data according to individual Bloom levels, cal-
culated as the frequency of questions for each stage (Figure 1), Bloom
Level 1, remembering, was significantly negatively correlated with
AQT objective creativity scores, r(109) = —.417, p <.001, as well
as with AQT subjective creativity scores, (109) = —.492, p < .001.
Bloom Level 2, understanding, was also significantly negatively
correlated with AQT objective creativity scores, r(109) = —.196,

S
. N
Applying . & S S
R
Analyzing . Q;{b o@'b
R L \\\{&
Evaluating ‘ o@'z’ & @,’b"
. «"’Q K\ ¢
Creating . &
®

AQT subjective creativity .

AQT objective creativity

-1 08 06 -04 02 0 02 04 06 08 1

Left: General analysis of AQT with all other variables; Right: Analysis of individual Bloom levels and AQT objective and subjective creativity scores.

The size of the circles represents the strength of the relation while the colors represent the direction of the relation (darker blue/dark gray in print for positive and
darker red/light gray in print for negative). Only significant relations are shown. AUT = alternative uses task; AQT = alternative questions task; Gf = fluid
intelligence; Gr = retrieval ability. See the online article for the color version of this figure.
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p=.043, and negatively correlated with AQT subjective scores,
r(109) = —.248, p = .01. Bloom Level 3, applying, was significantly
positively correlated with AQT subjective creativity scores,
r(109) = .281, p = .003, and nonsignificant with AQT objective cre-
ativity scores, r(109) = .079, p = .417. Bloom Level 4,, analyzing,
was significantly and positively correlated with AQT objective
creativity scores, r(109)=.293, p=.002, and significantly and
positively correlated with AQT subjective creativity scores,
r(109) = .318, p <.001. Bloom Level 5, evaluating, was signifi-
cantly and positively correlated with AQT objective creativity
scores, r(109) =.304, p < .001. Bloom Level 6, creating was mar-
ginally significantly correlated with AQT objective creativity
scores, r(109) =.188, p=.052. This might be because it was
less than 1% of AQT responses (N =6) and thus suffers from
low statistical power due to small sample size.

Additionally, we also analyzed the relation between individual
Bloom levels, calculated as the frequency of questions for each
level, and Fluid intelligence Gf, curiosity, openness, semantic flu-
ency Gr and AUT objective creativity scores. Bloom Levels 1, 2,
4, 5, and 6 were nonsignificant across all variables, while Bloom
Level 3 was positively correlated with semantic fluency Gr,
r(109) = .209, p = .029.

Predicting AQT and AUT Cereativity Scores

Furthermore, in order to try to predict AQT and AUT creative per-
formance and to examine whether they predict each other, a multiple
linear regressions was conducted with AQT and AUT objective cre-
ativity scores as the dependent variable (Table 3, Figure 2). The var-
iables entered were average Bloom level scores, openness and
curiosity scores, Gf scores, and semantic fluency Gr scores. Since
subjective and objective creativity scores were found to be highly
correlated in the literature (Beaty & Johnson, 2021; Yu et al.,
2023), AQT and AUT subjective creativity scores were not entered
in the model to avoid problems of multicollinearity. None of the con-
trol variables (age, sex, and years of formal education) were signifi-
cantly correlated with our dependent variables. For AQT objective
creativity scores, a multiple regression analysis was applied to pre-
dict AQT originality scores from openness, Gf, semantic fluency

Table 3

Gr, AUT objective creativity scores, curiosity, and Bloom average
scores along with age, sex, and years of formal education as control
variables. These variables significantly predicted AQT objective
creativity scores, F(9, 95)=4.851, p <.001, R*>=.315. Only
AUT objective creativity scores (p =.044), and average Bloom
scores (p < .001) were statistically significant predictors.

For AUT objective creativity scores, a multiple regression analy-
sis was applied to predict AUT creativity scores from openness, Gf,
semantic fluency Gr, AQT objective creativity scores, curiosity, and
Bloom average scores along with age, sex, and years of formal edu-
cation as control variables. These variables significantly predicted
AUT creativity scores, F(9, 95)=2.424, p=.016, R>=.187.
Only semantic fluency Gr (p =.009), and AQT objective creativity
scores (p = .044) were statistically significant predictors. There were
no issues of multicollinearity in either analysis. Variance inflation
factors (VIFs) were used to help detect multicollinearity. VIF is
used to detect the severity of multicollinearity in regression analysis
by measuring the number of inflated variances caused by multicol-
linearity. When VIF is higher than 10, there is significant multicol-
linearity that needs to be corrected (Curto & Pinto, 2011), whereas in
our data all VIF values were much smaller.

Serial Order Effect

Although it was not included in the study preregistration but based
on the serial order effect found in AUT (Beaty & Silvia, 2012), we
decided to test exploratory ad hoc effects of response order on aver-
age Bloom questions level scores across participants’ responses on
the AQT (Figure 3). This was accomplished by testing for significant
differences in average Bloom scores across participants’ ordered
responses, that is, testing if subsequent responses after their first
response differed in Bloom score, etc. This was done to better under-
stand possible response order effects, which may clarify creative
question formulation and possible directions for further study into
manipulating question complexity. We conducted this exploratory
analysis on participants’ first five AQT responses, based on the
mean fluency of AQT responses which was close to five responses,
and because sample size was much lower after the fifth response. A
one-way ANOVA revealed no significant difference between response

Summary of Multiple Regression Analysis for Variables Predicting AQT and AUT Objective Creativity

(Nonsig. Control Variables Are Not Shown)

Effect Estimate (B) SE 95% CI(LL) 95% CI(UL) Significance VIF
AQT objective creativity
Bloom taxonomy average .016 .003 0.11 0.022 <.001 1.051
AUT objective creativity .05 .025 0.001 0.099 .044 1.2
Openness .000 .000 —0.001 0.000 445 1.937
Gf .000 .001 —0.001 0.002 .550 1.606
Semantic fluency Gr .002 .001 0.000 0.003 794 1.573
Curiosity .004 172 —0.002 0.013 137 2.079
AUT objective creativity
AQT objective creativity .842 412 0.025 1.659 .044 1.594
Gf .004 .003 —0.002 0.011 178 1.611
Semantic fluency Gr .002 .001 0.000 0.003 .009 1.358
Curiosity .016 .066 —0.024 0.040 AT71 2.123
Bloom taxonomy average .009 .013 —0.016 0.34 461 1.389
Note. CI=confidence interval; LL = lower limit; UL = upper limit; VIF = variance inflation factor; AQT =

alternative questions task; AUT = alternative uses task; Gf = fluid intelligence; Gr = retrieval ability.
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Figure 2
Scatter Plots of the Relation of AQT Objective Creativity Scores With (in Clockwise Order From Top Left) Bloom Question Level, AUT
Objective Creativity Scores, and AUT Objective Creativity Scores and Semantic Fluency Gr
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Bloom level, F(4, 1383)=0.484, p=.748, ng =.001, meaning a
serial effect for response order was not found.

Discussion

Study 1 aimed to directly examine the role of question complexity
on creative thinking. This was achieved via the AQT—a revised

Figure 3
Line Chart of Average Bloom Levels by Order of Response—
Averaged Across Participants
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Note. See the online article for the color version of this figure.

version of Torrance’s (1966) UQT—and testing the questions gen-
erated by participants on subjective creativity and objective mea-
sures of creativity, in addition to rating their respective levels in
the Bloom taxonomy.

The results showed that participants differed in their objective cre-
ativity scores, generating more semantically distant responses to the
AQT than in the AUT, while fluency was not significantly different.
In addition, we found significant positive relations between AQT
objective and subjective creativity scores, and both were also posi-
tively related with average Bloom level score. Secondly, we found
a positive significant relationship between AQT and AUT objective
creativity scores, which support the notion that these are related but
separate measures. For predicting AUT objective creativity scores, a
multiple regression analysis found that semantic fluency Gr and
AQT objective creativity scores were significant predictors. For pre-
dicting AQT objective creativity scores, a multiple regression anal-
ysis found that AUT objective creativity scores and average
Bloom scores were significant predictors.

Interestingly, individual Bloom questions levels were differently
related to their objective creativity scores: Whereas lower levels
such as remembering and understanding were negatively related to
AQT objective creativity scores, higher levels such as analyzing
and evaluating were positively related to AQT objective creativity
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scores. Regarding the relation between individual Bloom levels, and
our cognitive measures of intelligence, curiosity, openness, semantic
fluency Gr and AUT objective creativity scores—Bloom Level 3
was positively correlated with semantic fluency Gr. All other levels
were not significantly related. An ad hoc ANOVA analysis of
response order effects on Bloom level showed that a serial effect
for response order was not found.

Overall, the results of Study 1 highlight the potential of the AQT
coupled with Bloom’s taxonomy in studying creativity and question
asking. However, since Study 1 was exploratory in nature, we con-
ducted Study 2 to replicate and generalize these results.

Study 2

Study 2 aimed to generalize and replicate Study 1, by switching
the AUT and AQT objects used in Study 1. This was done to
avoid possible confounds caused by item specific effects in the
AQT, and to extend the validity and reliability of our findings.

Materials and Method
Participants

In line with Study 1 calculated sample size and based on resource
constraints, 120 individuals were recruited on Prolific Academic,
and participated in the study for £4.6. Six participants who didn’t
give answers for the AQT or AUT were excluded from the study
bringing the final sample to 114 (49.1% male, 47.5% female,
3.4% prefer not to say; M., = 25.5 years [SD = 7.24 years], mean
years of formal education = 14.4 years [SD =4.4]). This study
was approved by the Technion—Israel Institute of Technology
Institutional Review Board.

Method

Methods were the same as in Study 1. However, AQT objects
were switched with AUT objects so that now the AQT objects
were knife, purse, and clock, and the AUT objects were pillow,
sock, and pencil. Five online raters from Prolific Academic scored
responses using a 1 (not at all creative) to 5 (very creative) scale.
Each object prompt was rated by different independent raters.
Scores were averaged across the three AQT objects to create an aver-
age subjective creativity score for every participant. Raters who
failed attention checks or gave incomplete ratings were excluded
from the final data set. Reliability metrics for AQT subjective crea-
tivity scores were moderate (Koo & Li, 2016) as follows: knife (N =
5, a=.702), purse (N =3, oo = .63), and clock (N =4, oo = .61).

Similar to Study 1, online raters from Prolific Academic were
instructed on the Bloom taxonomy levels and rated AQT responses
by assigning the Bloom level they ascertained from the relevant
AQT response. Each object prompt was rated by 10 different inde-
pendent raters. Raters who failed attention checks or gave incom-
plete ratings were excluded from the final data set. AQT Bloom
reliability for Study 2 was good (Koo & Li, 2016) as follows:
knife (N =6, a.=.732), purse (N =3, a.=.706), and clock (N =
9, a=.737).

Statistical Analysis

Statistical analysis was the same as in Study 1.

Procedure

The procedure was the same as in Study 1.

Results
Comparing AQT and AUT

Firstly, like in Study 1, we calculated fluency scores by analyzing
raw AUT and AQT responses and eliminating invalid or inappropri-
ate responses. AQT responses that did not include a coherent, com-
plete response in the form of a question, as instructed, were removed
before analysis and scoring. Total excluded responses accounted for
less than five percent of total responses. Then, we examined partic-
ipants’ performance in the AQT compared to the AUT, alongside
their additional behavioral assessment (Table 4). Similar to Study
1, we found that differences in fluency between AUT (M = 5.967,
SD =2.328) and AQT (M =5.485, SD = 2.385) were not signifi-
cant, #(112) = 1.401, p =.164, d =0.128. Similar to Study 1, we
find significant differences between the objective creativity scores,
with more semantically distant responses generated to the AQT
(M=0.89, SD=0.01) compared to the AUT (M =0.82, SD =
0.04), 1(112) = 17.544, p < .001, d = 1.6. Table 4 provides descrip-
tive information for all variables analyzed in Study 2.

Correlations of Main Study Variables

We then examined the relation of the AQT with all other assessed
variables by a Pearson’s correlation analysis (Figure 4; correlation
table can be found in Appendix D). Additionally, to further under-
stand the effect of question complexity on creativity, we separately
examined Bloom Levels 1 to 6’s relation to AQT objective and sub-
jective creativity scores (Figure 4). Bloom level-based scores are the
frequency of answers given by a participant for each one of the six
Bloom taxonomy levels.

Average Bloom levels were significantly positively correlated
with AQT objective creativity, r(114) =.470, p <.001, and posi-
tively correlated with AQT subjective creativity, r(114) = .413,
p <.001. AQT objective creativity was positively correlated
with AUT objective creativity, 7(113) = .198, p = .035. Furthermore,
AQT subjective creativity was positively correlated with Gf,
r(114)= 311, p<.001 and Gr, r(114)=.239, p=.011. Contrary

Table 4
Descriptive Information for Study Variables

Variable M SD Min Max
AUT fluency 5.967 2.328 1.67 12.67
AUT objective creativity 0.821 0.043 0.64 0.90
AQT fluency 5.485 2.385 1 14
AQT objective creativity 0.891 0.012 0.86 0.94
AQT subjective creativity 2.522 0.338 1.54 3.31
AQT Bloom score 2.735 0.379 1.9 3.75
Gf 7.294 1.875 35 11.5
Curiosity 3.548 0.413 2.18 4.77
Openness to experience 71.09 7.890 47 92
Semantic fluency Gr 27.25 8.487 3 50
Age 25.5526 7.24183 18 50

Years of formal education 14.4386 4.40642 12 21

Note. AUT = alternative uses task; AQT = alternative questions task;
Gf =fluid intelligence; Gr = retrieval ability.
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Figure 4
Pearson’s Correlation Analysis of All Variables
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Left: General analysis of AQT with all other variables; Right: Analysis of individual Bloom levels and AQT objective and subjective creativity scores.

The size of the circles represents the strength of the relation while the colors represent the direction of the relation (darker blue/dark gray in print for positive and
darker red/light gray in print for negative). Only significant relations are shown. AUT = alternative uses task; AQT = alternative questions task; Gf = fluid
intelligence; Gr = retrieval ability. See the online article for the color version of this figure.

to Study 1, AQT subjective creativity was not significantly correlated
with AQT fluency.

Although it was not in the preregistration, we analyzed the distri-
bution of Bloom question levels across all items to examine the dif-
ferences between each. The average distribution of question levels
across all items tested were similar to Study 1. A Kolmogorov—
Smirnov test indicated that average Bloom level scores again follow
a normal distribution, D(112) =0.051, p = .2.

We then examined specific Bloom level response frequency for
each participant. A Greenhouse—-Geisser repeated measures
ANOVA showed that frequencies of responses differed significantly
for individual Bloom levels, F(5, 555)=128.851, p <.001,
ng =.537. Similarly, to Study 1, post hoc Bonferroni corrected
paired samples #-test analyses revealed that all comparisons were sig-
nificantly different (all ps <.01), except for one contrast: Bloom
Level 1 (M =2.491, SD=2.28) compared to Bloom Level 4
(M=2.571, SD=1.925), t(112) =0.08, p=1, d = 0.024.

Individual Bloom Level Analysis

When analyzing the data according to the individual Bloom levels
(Figure 4), Similarly to Study 1, Bloom Level 1, remembering, was
significantly negatively correlated with AQT objective creativity
scores, r(114) = —.335, p <.001, and negatively correlated with
AQT subjective creativity scores, r(114)=—.238, p<.001.
Bloom Level 2, understanding, was significantly negatively corre-
lated with AQT objective creativity scores, r(114)= —.260,
p=.006, and positively correlated with AQT fluency, r(114)
=.350, p <.001. Bloom Level 3, applying, was positively correlated
with AQT fluency, r(114)=.379, p <.001. Bloom Level 4,
analyzing, was positively correlated with AQT objective creativity
scores, r(114)=.429, p <.001, and AQT subjective creativity,
r(114)=.408, p<<.001. Bloom Level 5, evaluating, was

significantly positively correlated with AQT objective creativity
scores, r(114) =.191, p =.044, AQT subjective creativity scores,
r(114) = .203, p =.032. Bloom Level 6, creating, was positively
correlated with AQT objective creativity scores, r(114)=.260,
p =.006.

Additionally, we analyzed the relation between individual
Bloom levels, calculated as the frequency of questions for each
stage, and our cognitive measures of intelligence, curiosity, open-
ness, semantic fluency Gr and AUT objective creativity scores.
Bloom Level 1 was negatively correlated with curiosity, #(113) =
—.276, p=.003, and openness to experience r(105)=—.214,
p =.023; Bloom Level 2 was negatively correlated with curiosity,
r(113) =—.241, p=.011; Bloom Level 3 was nonsignificant
across all variables; Bloom Level 4 was marginally positively
related to AUT objective creativity, r(109)=.184, p =.052,
and significantly positively related to semantic fluency Gr
r(109) = .258, p < .001 and Gf r(109) = .187, p = .05, while inter-
estingly Bloom Level 5 was also modestly negatively related to
curiosity, r(112) = —.210, p = .026. Bloom Level 6 was nonsignif-
icant across all variables.

Predicting AQT and AUT Creativity Scores

A multiple linear regression was conducted with AQT and AUT
objective creativity scores as the dependent variable (Table 5,
Figure 5). The control variables—age, sex, and years of formal edu-
cation were not significantly correlated with the dependent variables.
For AQT objective creativity scores, a multiple regression analysis
was applied to predict AQT creativity scores from openness, Gf,
semantic fluency Gr, AUT objective creativity scores, curiosity,
and Bloom average scores along with age, sex and years of formal
education as control variables. These variables significantly pre-
dicted AQT objective creativity scores, F(9, 95) =5.543, p <.001,
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Table 5
Summary of Multiple Regression Analysis for Variables Predicting AQT and AUT Objective Creativity
(Nonsig. Control Variables Are Not Shown)

Effect Estimate (B) SE 95% CI (LL) 95% CI (UL) p-value VIF
AQT objective creativity
AUT objective creativity .052 .025 0.001 0.102 .045 1.129
Openness .000 .000 0.000 0.000 .905 1.535
Gf .000 .001 —0.001 0.001 942 1.163
Semantic fluency Gr .000 .000 0.000 0.000 384 1.130
Curiosity .003 .003 —0.002 0.009 256 1.109
Bloom taxonomy average 014 .003 0.008 0.019 >.001 1.068
AUT objective creativity
AQT objective creativity 774 338 0.104 1.4 .024 1.087
Openness .000 .000 —0.001 0.001 728 1.516
Gf —.006 .003 —0.013 0.000 .042 1.320
Semantic fluency Gr .001 .001 0.000 0.002 122 1.169
Curiosity 011 .012 —0.013 0.034 373 1.49
Bloom taxonomy average .012 .013 —-0.013 0.038 .345 1.2

Note. CI=confidence interval; LL = lower limit; UL = upper limit; VIF = variance inflation factor; AQT =
alternative questions task; AUT = alternative uses task; Gf = fluid intelligence; Gr = retrieval ability.

R*=.286. AUT objective creativity scores (p = .045) and average openness, intelligence Gf, semantic fluency Gr, AQT objective cre-
Bloom score (p < .001) were statistically significant predictors. ativity scores, curiosity, and Bloom average scores along with age,
For AUT objective creativity scores, a multiple regression analy- sex, and years of formal education as control variables. These vari-

sis was applied to predict AUT objective creativity scores from ables significantly predicted AUT objective creativity scores, F(9,

Figure 5
Scatter Plots of the Relation of AQT Objective Creativity Scores With AUT Objective Creativity Scores, and AUT Objective Creativity Scores
with Gf
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105)=2.067, p=.039, R*=.156. Only AQT objective creativity
(p=.024) and Gf (p = .042) were statistically significant predictors.
There were no problems of multicollinearity in either analysis. Similar
to Study 1, VIF were examined to control for multicollinearity.

Serial Order Effect

Although it was not included in the study preregistration, we
conducted an exploratory ad hoc analysis on the effects of
response order on average Bloom questions level across partici-
pants’ responses on the AQT (Figure 6). Similar to Study 1, we
conducted this analysis on participants’ first five AQT responses.
A one-way ANOVA revealed a significant main effect of response
order, F(4, 1476)=2.633, p=.033, ng =.007. Post hoc
Bonferroni corrected paired-samples z-test analyses revealed sig-
nificant differences between participants’ serial order of responses,
such that their first response had the lowest average Bloom level
and their second and third responses had a significantly higher
Bloom level (all ps <.05) than their first. While their fourth
response was nonsignificant when compared to the first, partici-
pants’ fifth response was also significantly higher than their first
(Mgigr=0.212, 95% CI [0.031-0.393]), p = .021). These findings
are in line with the serial order effect in creativity (Beaty & Silvia,
2012), where participant responses later in time are found to be
more creative.

Discussion

Study 2 replicated and generalized almost all of the findings of
Study 1, by finding similar relations between the AQT and AUT,
after switching the items across the tasks used in Study
1. However, In the regression models predicting AUT objective cre-
ativity, Gr was significant in the Study 1, whereas Gf was significant
in Study 2. Thus, Study 2 demonstrated that performance in the AQT
is not object specific. In addition, unlike Study 1, we found a serial
order effect of question asking (Beaty & Silvia, 2012): As the serial
order of participants’ questions increased after their first response, so
did the Bloom level of the question.

Figure 6
Line Chart of Average Bloom Levels by Order of Response
Averaged Across Participants
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for the color version of this figure.

General Discussion

Despite increased recent scientific interest (e.g., Gottlieb, 2021;
Nelson, 2005; Rothe et al., 2018; Sasson & Kenett, 2023), there is
still little research on how questions relate to creativity. Question
asking has been shown to be highly important in children
(Ronfard et al., 2018), and in higher-level creativity (Albergaria-
Almeida, 2011)). Critically, question asking may play an important
role in creativity during the problem finding stage of the creative pro-
cess (Abdulla et al., 2020; Arreola & Reiter-Palmon, 2016).
However, much is still unknown about specific types of questions
asked and their relationship to creative thinking. In this study, we
empirically and directly studied this issue.

While prior theory and empirical evidence have emphasized that
divergent thinking tasks such as the AUT measure creativity (e.g.,
Acar & Runco, 2019), few so far besides the historical, no longer
used, UQT have studied question asking skills and creativity
(Torrance, 1970). Importantly, none of these scarce studies have
evaluated the role of question asking in creativity using computa-
tional measures such as semantic distance and Bloom’s taxonomy,
to gain understanding on the role of asking more complex questions
in creativity. This study addressed this research gap and capitalized
on methodological advances in creativity scoring using semantic
distance via the AQT.

The AQT examines how people ask questions about objects, and
how this question asking ability relates to individual differences in
creativity. We expected that questions higher on the Bloom taxon-
omy would be more semantically distant and subjectively rated as
more creative by external judges (H1). The results supported these
hypotheses, showing how higher-level questions were positively
correlated with both objective (semantic distance) and subjective
(externally rated) creativity scores. We also expected frequencies
of high and low Bloom level questions to correlate differently with
creativity (H2). Indeed, individual Bloom questions levels were dif-
ferently related to their creativity scores: Whereas higher frequencies
of lower-level questions such as remembering and understanding
were negatively related to AQT creativity scores, higher-level ques-
tions such as analyzing and evaluating were positively related to
AQT creativity scores.

Additionally, in both studies, average Bloom level scores were
normally distributed, which strengthened the assumption that higher
Bloom levels refer to more cognitively complex questions, while
lower levels represent lower complexity, with the average participant
gravitating toward average Bloom level (H3). Nevertheless, further
research is required to validate these findings.

The results also showed that participants differed in semantic dis-
tance scores, generating more distant responses to the AQT com-
pared to the AUT in both studies. Furthermore, as hypothesized,
we found a significant, but modest correlation between the AQT
and AUT (H4), thus coupling these two capacities—generating
uses and asking questions—together in relation to creativity yet at
the same time setting them apart as different. Taken together,
these findings indicate that the AUT and AQT measure different
aspects of divergent thinking. Given the likely role of question ask-
ing in problem finding (Reiter-Palmon & Robinson, 2009), our find-
ings highlighted the significance of assessing question asking in
creativity research.

One interpretation of these findings is that higher-level questions,
which require more complicated synthesis of information, require
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participants to think divergently, and to link remote ideas in a crea-
tive way. Perhaps, some of the same skills that allow us to be creative
in the AUT, enable us to phrase more complex and creative ques-
tions. Surprisingly, we found in Study 1 that fluency in the AQT
and AUT are negatively correlated with AQT objective and subjec-
tive creativity, as well as Bloom level scores. This finding is not con-
founded by response length, given our use of the MAD method
(which controls for variation in response elaboration; Yu et al.,
2023). In the AUT, being more fluent facilitates the generation of
more creative ideas (Bai et al.,, 2021; Beaty & Silvia, 2012).
However, in Study 2, we did find a negative correlation between
AUT fluency and AUT MAD scores. Perhaps, in the AQT, being
more fluent in asking questions may result in producing simpler
and shorter responses. These responses are then more likely to be
less complex and lower-level questions, which we have found to
be less creative. This is in line with the tradeoff model proposed
by Forthmann et al. (2020), which builds upon work done in
Guilford’s lab which proposed that there are true individual differ-
ences in average creativity that are negatively correlated with flu-
ency. Guilford has even stated that “if a person spends his or her
time producing a lot of low-quality responses, he or she cannot pro-
duce so many good ones” (Guilford, 1968, p. 104). This has also
been observed in Warne et al. (2021) who found that creativity flu-
ency scores were negatively correlated with originality, suggesting
that there is a tradeoff, where generating many responses, tends to
reduce scores on originality aspects of divergent thinking (see also
Beaty et al., 2023). Reiter-Palmon and Arreola (2015) found similar
effects when participants were asked to generate multiple solutions
to a real-world problem compared to one solution. When generating
multiple ideas, solutions were less complex and of lower creativity
compared to generating one solution.

In contrast, we found an effect of response order in Study 2, where
average Bloom levels significantly rose with AQT response order,
such that besides their fourth response, participant’s average
Bloom question level kept increasing until their fifth response,
although this effect was not observed in Study 1. This is a surprising
finding as it seems to contradict the negative effect of AQT fluency
on Bloom question level. Perhaps although fluency as a whole low-
ered AQT Bloom level when participants list many possible ques-
tions (some even listing more than 20 questions): In the context of
the early (first to fifth) responses, participants firstly exhaust simpler,
less complex questions and slowly construct more complex ones
until their fifth response after which they dip again. Although this
analysis was done ad hoc, owing to the nature of this study as explor-
atory it provides some direction for future research on response order
and fluency in the AQT. This finding also replicated work by Beaty
and Silvia (2012) who found a similar relationship using the AUT
(see also Bai et al., 2021 for similar findings in children).

Our hypotheses regarding the AQT and additional assessed vari-
ables (H5) were based on the relation between divergent thinking
and intelligence (Batey et al., 2009; Lee & Therriault, 2013; Silvia,
2008, 2015), openness to experience (Batey & Furnham, 2006), and
curiosity (Celik et al., 2016; Vidler & Karan, 1975) that performance
in the AQT will also be related to Gf, Gr, openness, and curiosity
scores as will performance on the AUT. In Study 1 we found that
besides modest correlations with Gf and semantic fluency Gr with
AQT subjective creativity, AQT objective creativity did not correlate
with Gf, curiosity, openness to experience, or semantic fluency Gr.
This may be in part due to the MAD methods’ tendency to capture

idea novelty and not usefulness (Yu et al., 2023). Further regression
analyses found that for predicting AUT objective creativity only Gr
was a significant predictor while Gf;, curiosity and openness were non-
significant for predicting AQT objective creativity. Additionally, when
examining the frequency of individual Bloom levels of participants’
responses, in Study 1 Bloom Level 3 was modestly positively related
to semantic fluency Gr, while in Study 2 Bloom Level 1 was nega-
tively correlated with curiosity and openness to experience.
Furthermore, Bloom Level 2 was negatively correlated with curiosity
and Bloom Level 3 was nonsignificant across all variables. Bloom
Level 4 was significantly positively related to Semantic Fluency Gr,
while interestingly Bloom Level 5 was also modestly negatively related
to curiosity. Bloom Level 6 was nonsignificant across all variables.

These correlations, although modest, provide some strength to the
argument that higher Bloom levels in the taxonomy refer to more
cognitively complex questions, especially in line with literature find-
ings that higher semantic knowledge can be represented as a more
complex semantic memory network (Goiii et al., 2011) and semantic
fluency’s relation to executive functions (Ardila et al., 2006).

In Study 2 we found similar modest correlations with Gf and Gr
with AQT subjective creativity scores, which is in line with previous
research that has linked creativity with Gf and Gr (Beaty & Silvia,
2012; Silvia, 2015; Silvia et al., 2013). Further regression analyses
found that for predicting AUT objective creativity only Gf was a sig-
nificant predictor while Gr, curiosity, and openness were nonsignif-
icant for predicting AQT objective creativity. Similar to Study 1, we
did not find any significant correlations with AQT objective creativ-
ity scores and Gf, curiosity, openness to experience, and Gr. These
findings provide further support to the notion that although they cor-
relate highly, there is still some difference between subjective and
objective AQT creativity scores.

Study Limitations and Implications

There are some limitations concerning the results of this study.
First, is the usage of MAD semantic distance scores as a quantitative
measure of creativity. According to Yu et al. (2023), MAD scores
most likely capture mainly elaboration and idea novelty or original-
ity, one of the many facets of creative performance. Although MAD
scores do not explicitly address the appropriateness (or usefulness)
of the response, Heinen and Johnson (2018) have shown that by sim-
ply emphasizing that the goal of a task is to “be creative,” as we have
in our study, semantic distance becomes a remarkably robust mea-
sure for assessing creativity that is novel and appropriate. When
this is not emphasized, semantic distance values index novelty
more closely than creativity. Beaty and Johnson (2021) have
found that when novelty is emphasized over appropriateness, the
correlation between human ratings and semantic distance increases.
A second limitation is the relatively low reliability of subjectively
rated creativity by external raters in both studies. Although consid-
ered moderate by Koo and Li’s (2016) interrater reliability standards,
itimpacts some of the study’s external validity conclusions. As such,
further research is needed to improve the way of rating creativity of
AQT responses, especially via laypersons (Hass et al., 2018; Wang
et al., 2023). Perhaps more effort is needed in training raters to
increase the reliability and improve the AQT’s validity as a tool
used to examine creativity, similar to Amabile’s (1982) consensual
assessment technique or utilization of quasi-expert raters (Kaufman
& Baer, 2012; Kaufman et al., 2013).
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Additionally, it is important to note that subjective scoring of
responses according to the Bloom taxonomy may suffer from the
same limitations as subjectively rated creativity, such as inconsistent
rater agreement, rater fatigue and high costs. But, whereas objective
measures of semantic distance correlate highly and overlap with sub-
jectively rated creativity, the Bloom taxonomy examines additional
facets such as complexity and cognitive hierarchy in question asking
and creativity, which are not accounted for in semantic distance.
Automated, computational Bloom taxonomy scoring may thus be
beneficial in overcoming some of these limitations and further
research should explore this possibility. Lastly, although we exam-
ined both objective semantic distance creativity scores with exter-
nally rated subjective creativity scores, our task was more a
controlled, lab study. Thus, further tests of real-life creativity prob-
lems are needed to extend the external validity of our findings.

Despite these limitations, the results suggest several theoretical
and practical implications. Firstly, we found a strong relation
between question-level and objective and subjective creativity.
This finding holds many practical implications for building better
creativity tests. Likewise, the implementation of Bloom’s taxonomy
as an additional measure of creative ability that is both related to and
different from divergent thinking according to our findings, can help
further understanding of creative ability, by bringing attention to
question complexity in the creative process. The findings high-
lighted in this study may also demonstrate the potential for utilizing
the Bloom taxonomy as a creativity scale in additional areas, beyond
even question asking.

Furthermore, research with elementary school and college-aged
students has shown that students can quickly be taught how to ask
higher-level questions, and that this leads to improvements in learn-
ing and reading comprehension (King, 1990, 1992; Rosenshine
etal., 1996). This may indicate the potential benefits of further research
on the impact of question level manipulations and interventions, which
could pave the way for improvements in learning abilities.

Finally, the differences we find between the AUT and AQT opens
new lines of research on the relation between fluency and creative
thought. This may indicate that question asking is more complex
than the relation examined here. Perhaps question asking and the
AQT specifically are related to problem finding processes, which
can be examined using the questions asked during attempts to
solve ill-defined problems, as was tested by Wigert et al. (2022).
Further work linking question asking and high-level cognition is
needed, such as extending the current findings by examining addi-
tional measures of creativity and analyzing them according to
Bloom’s taxonomy. Future research is also needed to examine com-
plexity of question asking in a more quantitative way than conducted
in this study. Nevertheless, our study sheds unique light on the role
of complex questions and creativity, highlighting the significance of
heightened question asking ability. Given that question asking can
lead to problem finding, that in turn leads to problem solving, ques-
tion asking is a critical cognitive capacity.

Conclusions

In sum, our research is an important first step toward integrating
two lines of research, creativity and Bloom taxonomy rated ques-
tions. The current work suggests that the AQT coupled with
Bloom’s taxonomy is an important tool for understanding and test-
ing creative and question asking abilities, and that the AQT is more

than just a divergent thinking task. It also highlights the possible
advantages of testing creative thinking with additional measures
besides the AUT. As Cortes et al. (2019) claims, the AUT cannot
capture creativity as a whole and research should seek to utilize a
battery of tasks. Importantly, this study allows us to move forward
in finding more complex ways to ask: What is the role of question
asking—and especially more complex questions—in creative
thinking?
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Appendix A

Subjective Creativity Rating Instructions (Example for Pencil)

Please read through the following questions asked about a pencil,
which were obtained from different participants.

For each question, you are asked to assign a numerical
rating indicating how much you think this question is
creative.

Appendix B

The rating scale is between 1 and 5 based on your own under-
standing of what a creative idea is, with 1 being the least creative
and 5 being the most creative.

It is very important that you use the full 1-5 scale, and not assign
almost all of the responses the same rating.

Bloom Taxonomy Rating Instructions (Example for Pencil)

“In the following experiment you will see questions asked about a
pencil.

People ask all sorts of questions and we are interested in assigning
the questions that were asked about a pencil into their different types
based on a six-level classification taxonomy.”

Here are some types of questions that people usually ask, please
read them thoroughly and try to understand the different question
levels:

1. Remembering—These types of questions address terms,

5. Evaluating—These questions involve developing opinions

and making value decisions about issues based on specific
criteria. For example, What is your opinion of...? Is it bet-
ter/worse than...? How would you test...? What way
would you design...?

. Creating—These questions involve creating something new

by using a combination of ideas from different sources to
form a new whole. For example, What changes would you
make...? What could be combined to improve...?

facts and details without necessarily understanding the con-
cept. For example, What is it...? Where is it...? What color
isit...?

. Understanding—These questions test the ability to summa-

rize and describe in our own words without necessarily
relating it to anything. For example, What is meant by...?
How would you explain...? What can you say about...?

. Applying—These questions involve applying or transfer-

ring learning to our own life or to a context different than
one in which we learned. For example, How would you
use...? What facts would you select to show...? What
would happen if...?

. Analyzing—These questions are about breaking material

into parts, describing patterns and relationships among
parts, to subdivide information and to show how it is put
together. For example, What is the relationship between...?
Why do you think...? What is the function of...?

For example:

What is a pencil? would be Level 1 creating.

What does the name pencil mean? would be Level 2—
understanding

Can you use it eat something? would be Level 3—applying

What is the purpose of the wood in the pencil? would be Level
4—analyzing

Could this pencil be colored red? would be Level 5—
evaluating

Is a pencil better than a pen? would be Level 6—creating.

Please evaluate the following questions asked about a pencil
according to the different question types. After selecting an answer,
the next question will automatically appear and there is no option to
go back, so please click an answer only after you are sure that is what
you would like to select.”

(Appendices continue)
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