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Abstract

This article explores the relation between curiosity and interest by examining how in-the-
moment experiences of curiosity and of interest emerge out of exploratory behavior observed
in infancy and early childhood. As experiential states, there is little to distinguish curiosity and
interest. Descriptions of developing interests that refer to “curiosity questions” and “curiosity
episodes,” suggest that experiential states of curiosity and interest are intertwined in interest
development. However, when the focus is on individual differences, curiosity and interest
diverge. Trait curiosity is a relatively stable personality trait, the propensity to feel curious in
contexts high in collative variability. On the other hand, interests or individual interest refer to
a disposition or predisposition to engage and re-engage with contents of a specific domain. It is
suggested that further insight into the significance of curiosity and interest for educational
practice will come from expanding real-time analyses of the quality of the experiential states
they subsume.

Keywords In-the-momentexperience - Exploratory behavior- Real-time analyses - Trait curiosity
- Individual interest

Curiosity rises above the organic and the social level and becomes intellectual in the
degree in which it is transformed into interest in finding out for oneself the answers to
questions that are aroused by contact with persons and things. (Dewey 1933, p. 144)

Introduction

It has long been acknowledged that there is a propensity for humans to experience curiosity in
novel, uncertain, or surprising environments (see, e.g., Berlyne 1954, 1960; Dewey 1933;
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Kidd and Hayden 2015). In infancy and early childhood, curiosity has been associated with
feelings of surprise and interest along with a desire to explore the object of attention (Izard and
Malatesta 1987; Niepel et al. 1994). Simultaneously, curiosity has been viewed as a trait, a
general propensity to experience curiosity in the presence of novel and puzzling phenomena,
and to approach and explore the novel or puzzling phenomenon (Berlyne 1960; Litman 2019;
Silvia 2017). On the other hand, there is an extensive literature on interest development which
also differentiates between in-the moment situational interest (Hidi 1990), and individual
interest as a relatively stable personal characteristic (Alexander 2004; Hidi and Renninger
2006). While curiosity and interest can be identified as both state and trait, or, situational and
individual, the relation between the two constructs varies according to the level being
considered. Curiosity at the level of immediate experience is essentially a response to novel
and puzzling phenomena (Berlyne 1960; Kidd and Hayden 2015). On the other hand, interest
at the level of immediate experience may be triggered by a wider set of conditions defined by
the domain of interest content.' Novel and puzzling phenomena as well as familiar situations
within an existing interest domain can trigger situational interest (Hidi and Renninger 2006).

In this article, I examine the proposition that the core experiences for both curiosity and
interest emerge from the same interactive base; namely, the human infants’ tendency to seek
contact with, to approach, and to explore objects and people in the world around them (Dewey
1933; Fink 1994; Izard and Malatesta 1987; Kidd and Hayden 2015). With experience,
curiosity and interest increasingly reflect an individual’s history with specific objects or events.
Curiosity involves a regulatory system consisting of exploration, asking questions, or a desire
to know what is currently unknown (Grossnickle 2016); that is, objects or events about which
the individual has limited knowledge or information gaps (Loewenstein 1994). In addition,
there are individual differences in the propensity to experience curiosity (Kashdan et al. 2004;
Litman 2019; Silvia 2017). On the other hand, individual interest or interests involves a
regulatory system characterized by a range of activities that may include similar exploration,
asking questions, and desire to know. A critical feature is that the individual has accrued some
familiarity with the domain associated with the new object or event (Renninger and Hidi
2016).

At the experiential level, curiosity and interest have very similar observable features. As has
been noted by Hidi (2006), the features of an in-the-moment experience of interest look very
similar to those associated with in-the-moment experiences of curiosity; arousal, positive
affect, and exploratory behavior directed toward the object that has drawn attention. However,
when the underlying general dimensions of trait curiosity, and dispositions (Krapp 2003) or
predispositions (Hidi and Renninger 2006) of interest are the focus, there are important
differences in the underlying knowledge schemas (see Grossnickle 2016).

I will consider how the constructs of curiosity and interest can be differentiated and yet at
times be intertwined, by examining what is known of both constructs first at the experiential
level of in-the-moment experiences, or state level, and second, as general trait, disposition, or
predisposition. This will include pointers to areas for further research in educational contexts.

! Hereafter “interest domain” will be used to refer to “the domain of interest content.” Dictionary definitions of
“domain” refer to a domain as a field of interest, thought or activity (e.g., Collins English Dictionary,
https://www.collinsdictionary.com/dictionary/english/domain). Domain has the implication that an interest may
be elaborated and develop beyond current specific contents.
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Emerging Schemas: Curiosity and Interest

The quotation from Dewey (1933) at the beginning of this article identified three levels in the
emergence of curiosity in children: organic, social, and intellectual. At the earliest level,
curiosity is seen as the expression of a child’s “abundant organic energy” and is observed in
their wide-ranging exploratory actions. Objects in the immediate environment are touched,
pushed, and handled, often in multiple ways. For Dewey, the second level recognizes the
child’s social world. Experience is explored through posing incessant questions to people who
populate their social world. Exploratory behavior in the form of questions about the physical
world bridge the child’s emerging physical and social worlds. The final level is what Dewey
refers to as intellectual curiosity and this represents the child wanting to find answers for
themselves. Hence, examination of the experiential states that characterize curiosity and initial
phases of interest, first in early development and then in behavior beyond childhood, provides
an important perspective on the relation between curiosity and interest in educational contexts.

It is proposed that curiosity and interest emerge from a common base of attention processes
and exploratory behavior in infancy and early childhood. At the level of immediate experience,
curiosity is intertwined with interest development. With development, trait curiosity and
interest(s) take divergent paths and it is the underlying experiential states activated in educa-
tional contexts that are significant for learning and achievement.

The perspective being argued here is informed by contributions of dynamic systems
theories which have been gaining prominence in developmental science over the last three
decades (Lewis 2005). These approaches typically emphasize that properties emerging from
interactions within behavioral systems are the basis for development (Spencer et al. 2011
December). The person can be viewed as a self-organizing adaptive system. Units of organi-
zation consist of self-regulatory schemas, that is, relatively stable organizations of thinking and
feeling accrued through prior experience (Cox et al. 2010; Izard 2007, 2009). Izard proposed
that discrete basic emotions are the building blocks that experience melds into emotion
schemas. These regulatory systems consist of an emotion or set of emotions combined with
perceptual and cognitive content in the form of appraisals, memories, expectations, goals, and
values. The emotion interest/excitement is a core component of a wide-range of schemas.
These schemas function through anticipatory processes that guide perceptual selectivity, focus
attention, direct information-seeking, and underpin complex human behavior including trait
curiosity and individual interest (Izard 2007). Application of this approach to constructs of
curiosity and interest, both at the experiential and more general trait or dispositional levels, can
provide a useful perspective on relations between the two constructs as they occur in
educational contexts.

When students are confronted with puzzling phenomena, and actively seek new informa-
tion, they may be reacting to novelty in their situation, or to complexity in the form of
uncertainty or ambiguity, and this is what is understood as curiosity (Berlyne 1960; Kidd
and Hayden 2015). Equally, when students are confronted with something puzzling within a
preferred domain, they have prior knowledge and schemas for processing information in that
domain, but not sufficient for the new puzzling phenomenon. In some contexts, this has been
referred to as asking “curiosity questions” (Alexander et al. 2012; Renninger 2000). Hence,
similar patterns of in-the-moment reactions have been identified for both curiosity and interest,
but they arise from different knowledge bases.

Curiosity and interest diverge when focus is on the level of individual differences. Curiosity
as a trait concerns individuals’ propensity to feel curious and seek new information in contexts
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high in collative variability (e.g., Grossnickle 2016). Interest as disposition or predisposition
refers to individuals’ propensity to engage and re-engage with contents of a domain (e.g., Hidi
and Renninger 2006) including both re-engaging with what is familiar and extending beyond
what is known into new knowledge.

Infancy and Early Childhood Experiences of Curiosity and Interest

In the earliest days and months of life, the attention of infants is drawn to objects with physical
properties such as bright colors, sounds, movement, and social stimuli such as the human face
(Fantz 1961). Novel objects, that is, objects with which the infant has little or no prior history
of interaction, draw their attention. This pattern of behavior has often been linked with
curiosity (Berlyne 1960; Kidd and Hayden 2015). A basic biological seeking system was
proposed by Panksepp (1998) to explain this universal human pattern whereby novel, uncer-
tain, or ambiguous events initiate exploratory behavior with distinctive features of energy and
anticipation. Experience in the form of exploratory behavior leaves its trace on the infant’s
processing system and patterns of habituation provide evidence that infants distinguish
between familiar and novel objects (Fantz 1964). Investigations of the emotions infants display
in early interactions with novel stimuli point to the emotion interest combining with specific
perceptual and cognitive content to build schemas that represent appraisals, memories, expec-
tations, goals, and values (Izard 2007, 2009; Izard and Malatesta 1987).

Attention, Anticipation, Expectancy, and Affect

An infant grasping at a new brightly colored toy has only limited mental schemas for
processing what they see, and no schema providing a match with the new object. Kidd and
Hayden (2015) suggest that the critical issue for curiosity in infants is the selectivity of
attention. Evidence from research with visual stimuli indicates that infants’ attention is drawn
to features such as high contrast, motion onset, and human faces (Fantz 1961; Rochat 1989).
Hence, there are basic selective attention processes that underpin curiosity; “attentional biases
get the infant started down the road of knowledge acquisition” (Kidd and Hayden 2015, p.
455). Attention is likely to be drawn to stimuli with properties that are of intermediate or
moderate complexity relative to the child’s prior experience. Studies of infant’s auditory
attention also have demonstrated that auditory attentional biases are related to moderate or
intermediate levels of complexity (Kidd et al. 2014). Kidd and colleagues demonstrated this
effect by quantifying complexity as the predictability of the next sound in a sound sequence.
New stimuli with low levels of complexity match the existing schema easily and do not impact
attention, while stimuli with high levels of complexity or mismatch are likely to be
overwhelming.

Findings from infancy research also provide some insight into attention biases occurring
when an infant perceives that an event violates an expectancy. For example, experiments on
early cognition in infants by Baillargeon (1987, 2004) employed a paradigm based on
violation of “event-specific” expectations in the form of unexpected events. This paradigm
assumes that the infant has a mental representation that is violated by the unexpected event.
For example, an infant watches a train running along a length of track. The event is repeated
with a screen coming down obscuring part of the track and the train emerges from the other
side of the screen. This is the expected condition. In the unexpected condition, the infant
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watches a box lowered onto the track and then the screen comes down to obscure the part of
the track where the box has been placed. The infant also sees the train emerge on the tracks
beyond the screen. Infants of 3 to 4 months reacted to the unexpected event with longer
looking times and facial expressions of surprise, described as a “state of heightened interest or
attention induced by an expectation violation” (Baillargeon 2004, p. 392).

A range of studies of infant curiosity and exploratory behavior have drawn attention to the
occurrence of surprise reactions in response to schema discrepant events (e.g., Fink 1994;
Niepel et al. 1994). Facial expressions representing emotions of surprise and of interest are
associated with a range of infant information-seeking behavior (Izard 1977, 2007; Izard and
Malatesta 1987). In addition, Izard pointed to potential reciprocal and complimentary functions
of the emotions of interest and enjoyment/joy. He argues that interest and joy are associated
with exploring ideas and seeking knowledge including constructive and creative activities at
all developmental levels (Izard 2007). In-the-moment experiences associated with infants’
curiosity and exploratory behavior include attention biases, anticipation, complexity, expec-
tancies, and affect. These processes overlap substantially with processes identified in the early
phases of interest development as described in Hidi and Renninger’s Four-Phase Model of
Interest Development (Hidi and Renninger 2006; Renninger and Hidi 2016).

According to Hidi and Renninger (2006), the earliest phase of interest development,
triggered situational interest, is indicated by arousal, attention, positive and sometimes nega-
tive affect, and exploratory behavior. While the research literature examining early forms of
curiosity includes studies of infants in the first year of life, literature on the earliest forms of
interest in childhood typically focuses on preschool and early school-age children (e.g.,
Alexander et al. 2008; Fink 1994; Renninger and Wosniak 1985). For example, in their study
of the interests of 2- to 4-year-olds, Renninger and Wosniak (1985) defined interests in terms
of the child’s attention to specific objects or events including visual fixations, manipulations,
and verbalizations. They focused on identification of specific exploratory behaviors that were
repeated in children’s free play sessions over 3 weeks. Children’s interests were defined as
preferred activities. Then interests were examined in relation to laboratory assessments of
attentional shifts, recognition, and recall of interest and non-interest objects.

Behavioral indicators in the observational data recorded by Renninger and Wosniak (1985)
are similar to those investigated in the infancy studies described above. However, rather than a
single instance of the object/event drawing attention, interests were indicated when objects and
events received repeated attention. The child selectively attends to and interacts with specific
objects in a context where other objects are equally available to them and interaction with the
preferred object/event is sustained (Fink 1994; Renninger and Wosniak 1985). Hence, studies
of interest in early childhood identified interests as repeated patterns of preference for and
exploration of objects that can be defined as belonging to a specific domain (Folling-Albers
and Hartinger 1998; Renninger 1998; Renninger and Wosniak 1985). Such selective prefer-
ences indicate that with experience, interest schemas are emerging. Izard (2007, 2009)
described such schemas as regulatory systems, consisting of an emotion or set of emotions
combined with perceptual and cognitive content in the form of appraisals, memories, expec-
tations, goals, and values.

Hence, the in-the-moment experience of interest is defined through its location within the
framework of phases that are part of interest development. Sustained or repeated interaction
with the preferred object is central to identification of young children’s interests and, at the
experiential level features such as attention, positive affect, and exploration are very similar to
those indicative of curiosity. The experience associated with encountering something novel or
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puzzling within an interest domain is identified by questions and information seeking, similar
to those recorded for curiosity. The experiential states of curiosity and interest appear to
become intertwined as an interest develops.

The Paradox of Curiosity and Interest

What does it mean to say that curiosity and interest may be intertwined in interest develop-
ment? At the experiential level, students can feel curious about something they do not know
within a domain. Building on Renninger’s (2000) research, Johnson and colleagues (Johnson
et al. 2004) describe the information-seeking character of children’s interaction with interest
objects/events in terms of posing “curiosity questions.” That is, on encountering something
puzzling about interest objects, children are asking questions, seeking further knowledge.
Children’s further information-seeking conceptualized as “curiosity questions,” suggests that
central to maintaining and deepening an interest, are experiences of curiosity. The child is
actively seeking further knowledge in response to some aspect of an event that violates an
expectancy or prompts anticipation of new information. Engel (2011) described this as the
paradox of curiosity and interest. “The paradox here is that curiosity involves an attraction to
what is unknown, but, at the same time children are most often curious about things with
which they are somewhat familiar and about which they have some ongoing interest” (p. 627).
For example, descriptions of the behavior of young children in relation to their interests in
topics such as dinosaurs (see, e.g., DeLoache et al. 2007), indicate the prevalence of curiosity
questions when children seek more information about interest objects.

Hence, based on evidence from infancy and early childhood, attention, anticipation,
expectancy processes, surprise and interest expressions, and exploratory behavior are central
to experiential states of curiosity and are also significant features of interest experiences in
childhood. Differentiation between the two constructs comes with the emergence of interest as
preference or repeated choice of a specific activity over other equally available activities.

Later Childhood and Beyond

To this point, the evidence relating to the emergence of curiosity and interest has been drawn
from studies of infants and young children. Alongside this evidence is the consistent picture
emerging from experimental studies of curiosity based on records of both behavioral and brain
activity. Typically, these are studies with college-age and undergraduate participants and use
trivia questions as the novel stimuli in a design that focuses on anticipatory processes (Gruber
et al. 2014; Kang et al. 2009; Marvin and Shohamy 2016; Mullaney et al. 2014). It has been
suggested that use of trivia questions provides a “conservative test of the information-as-
reward hypothesis” (Marvin and Shohamy 2016, p. 270). Kang et al. (2009) measured
curiosity using a 6-point self-rating scale consisting of a single question, “How curious are
you?” presented a few seconds after each trivia question. This measure generates a rating of
how the participant feels in-the-moment allowing classification of the trivia questions as high
and low curiosity questions. Using fMRI, brain activity was recorded from the initial presen-
tation of the trivia questions, during a delay period, and during presentation of the answer.
Brain activity during the interval following high curiosity questions was consistent with areas
associated with anticipation of reward. Participants also were willing to pay, in terms of time
spent and tokens exchanged, for information they were curious about. The processes occurring
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during curiosity states were interpreted as “a form of reward anticipation” (p. 971), where the
reward is new information. Further, Gruber et al. (2014) demonstrated that the anticipatory
brain activity of high and low curiosity states was associated with significantly greater memory
for the trivia question answers when assessed after a delay.

The same trivia question design has been used in laboratory experiments with undergrad-
uates to investigate the influence of different delay intervals before accessing the answer to
trivia questions (Mullaney et al. 2014). The optimal learning condition involved high curiosity
questions and unpredictable delay for receiving the answer. Mullaney et al. argued that these
findings supported interpretations of curiosity operating through anticipatory processes, or
greater motivation to know the answer.

Curiosity studies investigating brain activity and anticipatory reward processes generally
have used trivia questions as stimuli because they are novel stimuli and self-report ratings of
curiosity then can be used as a measure of the curiosity aroused by each question (Gruber et al.
2014; Kang et al. 2009; Marvin and Shohamy 2016; Mullaney et al. 2014). While trivia
questions allow control over novelty, the target or object of curiosity is limited to a single trivia
question and the issue of generalization beyond trivia questions arises.

Extended Learning Activities

With more extended learning activities, the thoughts and feelings students experience may
vary across the duration of the activity (Ainley and Hidi 2002). In these contexts, identifying
curiosity experiences which are embedded within interest activities, as described by Engel
(2011), requires a different type of experimental design. For example, in their investigation of
interest in reading and writing tasks presented to 11th and 12th grade students, Boscolo et al.
(2011) included measures of how participants were feeling as they read text passages. Five
dimensions attributed to the experience of interest when reading text were measured using 5-
point self-rating scales: novelty, curiosity, impressiveness, reflection, and importance. Accord-
ing to Boscolo et al., feeling curious is one of the dimensions that contributes to the experience
of interest in reading a text, and may vary across the course of reading an extended text. All
five dimensions were found to be significantly related to students’ initial interest in the text
topics. After allowing for this effect, Boscolo et al. found that the five dimensions including
feeling curious varied between types of texts and between paragraphs of a text. Higher levels
of novelty, curiosity, and impressiveness were recorded for text paragraphs consisting of events
and activities than for paragraphs with evaluation content and paragraphs with conceptual
content. Feeling curious was part of the experience while reading the text passages and at the
same time was associated with prior interest in the text. Again, curiosity experiences are
intertwined with interest.

A similar point is made by Arnone et al. (2011) in relation to the development of interest in
the context of learning in technology-rich environments. Framing their investigation with the
Four-Phase Model of Interest Development (Hidi and Renninger 2006), Arone et al. (2011)
refer to the potential for “curiosity episodes” to occur at all phases of interest development.
Successful resolution of such curiosity episodes contributes to the deepening of interest.

In sum, at the level of immediate experience, curiosity and interest appear to emerge out of
the same basic processes which operate when infants and young children explore what is
novel, surprising and uncertain in their immediate environment. Curiosity and the initial
phases in the triggering of situational interest are often indistinguishable. But, at later phases
of interest development, curiosity questions or episodes can arise embedded in the processes
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that make up an individual’s activities in an interest domain. Curiosity involves exploratory
behavior and questions to explain the unexpected, uncertain or unknown. On the other hand,
“curiosity questions” arising within an interest domain are seeking answers concerning the
unexpected, uncertain or unknown within a familiar and preferred activity.

Triggering Curiosity and Interest in Educational Settings

So how does this play out in educational settings? From her studies investigating curiosity in
the classroom, Engel (2011) reported little evidence of curiosity in students’ behavior. In these
studies, curiosity was recorded when students were seeking information through asking
questions or trying to find out about puzzling phenomena. Just as Alexander et al. (2012)
identified a critical role for parents and teachers in supporting the development of interests in
young children, Engel (2011) points to an important supportive role for teachers. By modeling
and encouraging students to have a questioning approach to objects and events in their
classrooms and their extended environment, teachers support the development of curiosity
and interest.

In addition to evidence of the influence of parents and teachers, there is a wide-ranging
literature on conditions and contexts that have been shown to trigger curiosity and interest.
Across a range of studies on interest in text materials, both text structure (e.g., novelty,
surprise, unexpected events) and text content (human activity, universal life themes, vivid
imagery) have been shown to contribute to triggering of situational interest (e.g., Hidi 1990;
Schraw and Lehman 2001; Wade 2001). In physical education contexts across elementary and
high school students, activities which provide instant enjoyment and exploration or are novel
and capture attention are associated with situational interest (Chen and Ennis 2004). With
college-age students engaged in classroom problem-based learning, Rotgans and Schmidt
(2011) reported that presentation of the problem was the strongest trigger of situational interest.
While in the field of esthetics, Silvia (2010) has demonstrated the role of appraisals of novelty
and comprehensibility as factors triggering situational interest or curiosity.

Curiosity and situational interest at the experiential level are fleeting or transitory states
(Alexander 2003; Hidi and Renninger 2006; Krapp 2007; Schraw and Lehman 2001).
However, advances in computer technologies have provided experimental tools for accessing
these states as they occur in real-time (Ainley et al. 2003; Ainley and Hidi 2002; Ainley et al.
2002). Coupled with new affordances of technology for personalizing learning materials,
researchers can monitor whether specific learning materials trigger situational interest (or
curiosity) and what impact this has on learning outcomes. For example, studies by Bernacki
and Walkington (2018) and Hegheim and Reber (2015) employed computerized presentation
of mathematics problems. The form of the problems was tailored to students’ out-of-school
interests as determined by students’ responses to preliminary questions. In both studies, levels
of triggered situational interest measured immediately after a student completed specific
problems was significantly higher in the personalized condition. However, only in the
Bernacki and Walkington (2018) study did this impact achievement. Wider use of new
technological tools in conjunction with the observational tools already well-known in the field
(see Renninger and Bachrach 2015) will provide greater understanding of how to trigger
experiences of curiosity and of situational interest to support student engagement.

In sum, at the level of immediate experience, similar processes of attention, anticipation,
expectancy, and affect have been reported for both curiosity and interest. Curiosity is first seen
in the exploratory behavior that is typical of infants and young children when confronted with
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novel objects and events. It has been argued that the evidence points to a common processing
base from which interest is differentiated from curiosity. As interests develop, curiosity
continues to be seen in the exploratory behavior and questioning that occurs when novel
and puzzling phenomena are encountered within an interest domain.

Curiosity and Interest as Stable Regulatory Systems

To this point, the focus has been on consideration of the emergence of states of curiosity and
interest and similarity in underlying processes. Diverging paths of curiosity and interest are
evident when focus is on curiosity and interest as personal regulatory systems.

Curiosity as Trait

Curiosity as trait has been defined as individuals’ propensity to feel curious and seek new
information in high collative variability contexts (Grossnickle 2016; Kashdan et al. 2004;
Litman 2019; Reio Jr. et al. 2006). Curiosity arises from normal human infants’ interaction
with the world of people and objects. For example, Saxe and Stollack (1971) found mothers’
displays of positive feelings and curiosity toward novel objects were predictive of young
children’s exploratory behavior. Chak (2010) reported how parents and teachers of pre-school
children influence their exploratory behavior through specific patterns of encouragement and
restraint. As discussed earlier, literature on the development of interests in young children also
points to the maintenance of interests being influenced by interaction with parents and
preschool teachers in the form of support and encouragement for exploration (Alexander
et al. 2008; Johnson et al. 2004).

Over the last 50 years, measures have been developed to document differences in children’s
propensity to manifest exploratory behavior in the presence of novel and puzzling stimuli.
Measures include parent questionnaires based on hypothetical vignettes (e.g., Chak 2010) and
questions adapted from adult scales (e.g., Piotrowski et al. 2014). Other measures document
exploratory activities using activity boxes and complex shapes (e.g., Henderson and Moore
1979; Trudewind and Schneider 1994). For example, Henderson and Moore (1979) presented
young children with an 18-drawer box with each drawer containing a different small toy.
Curiosity scores were derived from indices such as free exploration time, number of questions
asked, and number of manipulations. Fortner-Wood and Henderson (1997) investigated the
consistency between curiosity scores for 2-year-olds from laboratory assessments and scores
from the naturalistic setting of a grocery store. Mothers followed a pre-determined path around
the store while researchers videotaped the child walking alongside their mother’s shopping
cart. The videotapes were coded for the frequency of visual and tactile exploration including
pointing to objects, comments and questions, touching and playing with objects, and putting
them in the cart. The strongest association was between physical manipulations and questions
in the laboratory context and visual and tactile exploration in the grocery store context. This
consistency was interpreted as evidence for an underlying curiosity trait. Individual differences
in curiosity states, that is, immediate responsiveness to perception of novel and/or puzzling
events, are the basis for identifying more enduring individual differences in general propensity
to be curious.

However, the bulk of investigations into trait curiosity have been concerned with develop-
ing measures to separate multiple dimensions within the curiosity construct. Overwhelmingly,
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the research participants have been undergraduate students and measures have been in the form
of self-report questionnaires comprised of items describing general expectations of feelings
and reactions to prototypical novel, puzzling, or complex situations. Responses are anticipa-
tory responses and describe what respondents expect to experience, and actions they expect to
take. Self-knowledge of past feelings and actions is the basis for prediction of future feelings
and actions. Factor analyses of item responses are used to distinguish curiosity dimensions,
and the following are some of the major trait curiosity dimensions. Breadth and depth curiosity
(Ainley 1987; Langevin 1971) distinguish wanting to experience novel situations (breadth)
and wanting to understand novel problems (depth). On the other hand, perceptual, epistemic
(Collins et al. 2004; Litman and Spielberger 2003), and sensory curiosity (Litman et al. 2005),
discriminate between giving attention to novel perceptual stimuli (perceptual), desiring to
acquire new knowledge (epistemic) and seeking for novel and unusual sensory experiences
(sensory). Reio Jr. et al. (2006) separate three dimension; cognitive curiosity, physical thrill-
seeking, and social thrill-seeking. Another system which will be considered in more detail in a
later section is the distinction between two types of curiosity; interest-type (I-type) and
deprivation-type (D-type) (Litman and Silvia 2006). Most recently, Kashdan and colleagues
have defined five dimensions of trait curiosity: joyous exploration, deprivation sensitivity,
stress tolerance, social curiosity, and thrill seeking (Kashdan et al. 2018). In sum, multiple
dimensions of trait curiosity have been identified and there is no agreed synthesis of these
dimensions.

Trait Curiosity Measures in Educational Contexts

In educational research, the most widely used scales focus on epistemic curiosity, generally
investigating how epistemic curiosity relates to educational achievement. For example,
Kashdan and Yuen (2007) employed the Epistemic Curiosity Inventory (ECI: Kashdan et al.
2004) incorporating exploration and absorption curiosity factors, to investigate how trait
curiosity relates to students’ perceptions of learning opportunities and intellectual challenge
in their school environment, and to their achievement. Students with high trait curiosity who
perceived their school to be intellectually challenging were the most successful academically.
Students with high curiosity who perceived their school to be less intellectually challenging
were the least successful. However, use of these measures raises issues concerning how trait
curiosity operates in educational contexts. The first issue concerns the distinctiveness of
separate dimensions of trait curiosity and a second, the operation of states contingent on trait
curiosity.

While multiple dimensionality of trait curiosity scales has strong psychometric support,
factors do not necessarily define categorically distinct types. Take for example the scales
developed by Litman and colleagues: perceptual/epistemic curiosity measures (Collins et al.
2004; Litman and Spielberger 2003), and sensory curiosity (Litman et al. 2005). Separate
scales for perceptual and epistemic curiosity distinguished seeking novel perceptual stimula-
tion and seeking knowledge (Collins et al. 2004; Litman and Spielberger 2003). Later
differentiation of a sensory curiosity scale (Litman et al. 2005) focused on contexts that
described engaging in “adventurous exploratory behaviors”. Scores for all three dimensions
are correlated. For example, Litman and Spielberger (2003) reported correlations between
perceptual and epistemic curiosity of .59 for women and .55 for men (p. 78). Litman et al.
(2005) reported correlations between sensory and perceptual curiosity of .46 for women and
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.61 for men (p. 1131). Hence, it is likely that groups of students who have different profiles of
these dimensions can be distinguished.

Person-centered analyses such as used in motivation research (see, e.g., Tuominen-Soini
et al. 2011) can be employed to generate profiles comprised of multiple curiosity dimensions.
In this way, researchers can explore the impact of multi-dimensional curiosity profiles on
students’ perception of their school environment and on their school achievement. Are there
different patterns of exploratory behavior and different achievement outcomes for students
with high scores on all three dimensions, and for students whose scores diverge markedly
across sensory, perceptual, and epistemic curiosity dimensions? With what is known about
relations between perceptual curiosity and esthetics (e.g., Berlyne 1974; Silvia 2010), this is an
area that holds promise for further insight into the contribution of curiosity to a range of
student achievement domains.

A second issue concerns the operation of in-the-moment curiosity states contingent on trait
curiosity dimensions. Kashdan and Yuen (2007) investigated whether epistemic curiosity
interacting with students’ perception of challenge in their school environment was related to
achievement. However, evidence to confirm an interactive relation between curiosity and
students’ perception of their school environment also requires assessment of functional in-
the-moment states, that is, recording of students’ immediate reaction when encountering the
challenging problem. Substantial progress is being made in development of a range of online
monitoring and trace methodologies whereby eye-movement data, physiological measures,
and self-reports at critical points within behavior sequences are recorded in log-files (Ainley
and Hidi 2002; Azevedo 2015). Enhanced capabilities for learning provided by highly
interactive digital learning environments such as blogs and online discussion forums
(Arnone et al. 2011) also provide greater opportunity for monitoring students’ immediate
states while engaged in learning. Hence, researchers are gaining access to richer data from
which to identify how the attention, anticipatory, and affective processes that characterize
curiosity function while students are undertaking learning tasks. New technologies are in-
creasingly being used in research that focuses on interactive processes linking student and
learning context (see, e.g., de Barba et al. 2016; Tulis and Fulmer 2013).

In addition, focusing solely on distinctions between curiosity dimensions may not
necessarily be the most productive approach for promoting students’ questioning and
exploration in educational contexts. It is also likely that there may be transitions
between curiosity states while students interact with a challenging problem. For
example, I-type and D-type curiosity measures (Litman 2005, 2019) define different
sets of emotions organized around different cognitions, memories, and expectancies.
Scale items specify feeling states and respondents are asked to give ratings of how
they generally feel (Litman et al. 2010). I-type curiosity involves feelings of interest
and joy in anticipation of acquiring new information (e.g., “Enjoy exploring new
ideas” p. 534). On the other hand, D-type curiosity involves feelings of tension,
frustration, and dissatisfaction associated with the uncertainty of not knowing and
with feeling that competence is being challenged (e.g., “Frustrated if I can’t figure out
problem, so I work harder” p. 534). However, rather than simply summing scores to
arrive at general levels of I-type and D-type curiosity, it is pertinent to ask what
combinations of I-type and D-type curiosity dimensions occur in groups of students?
As with all types of trait curiosity described in the literature, the forms of measure-
ment mean that while I-type and D-type can be described as separate dimensions, all
respondents have a score for both I-type and D-type and as Litman (2019)
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acknowledges, they are moderately to strongly correlated. What implications do these
combinations have for students’ responses to challenging problems? In an extended
learning activity are there transitions between I-type and D-type curiosity states?

Contemporary tools for real-time measurement of experiential states as students engage with
complex information-seeking activities make it possible to monitor transitions between experiential
states. A student’s reaction of not knowing the answer to a novel complex problem might trigger I-
type curiosity states but as the student gets further into the task, they sense that a solution is just out of
their reach. The student is now more appropriately described as being so involved they cannot let go,
that is, a D-type curiosity state. The relation between these curiosity dimensions as experiential states
in complex learning situations may be more dynamic than has been assumed by approaches that
treat these as separate trait dimensions.

In sum, while there are many unresolved differences between current models of trait
curiosity, all models implicate relatively stable regulatory processes whereby a situation that
is appraised as puzzling or complex initiates exploration and becomes an opportunity to expand
existing knowledge. Investigations that incorporate new technological tools for monitoring the
states that occur when curiosity is aroused, and potential transitions between curiosity states,
will provide further insights into how trait curiosity dimensions influence students’ approaches
to challenging problems.

Interests as Predisposition/Disposition

Research on interest at the level of a relatively stable disposition or predisposition diverges from the
pattern seen with research and measurement of trait curiosity. Disposition and predisposition
designate enduring or relatively stable forms of interest. Hidi and Renninger (2006) use the term
predisposition to emphasize that individual interest is not as fixed as a personality trait. According to
the Four-Phase model, individual interest is a relatively stable organization of affective, knowledge,
and value components guiding further interactions with contents of the interest domain. It is further
asserted that the balance or structuring of these affect, knowledge, and value components will vary
across the four phases of interest development; triggered situational interest, maintained situational
interest, emerging individual interest, and well-developed individual interest.

Krapp and colleagues (Krapp 2002; Krapp and Prenzel 2011; Schiefele 2009) use the term
disposition and define individual interest as part of the individual’s habitual motivation.
Feeling and value components drive processing through the operation of a dual regulation
system. Intentions and actions in response to a new situation are coordinated by an emotion
processing component in concert with a conscious-rational regulatory system.

On the other hand, Silvia (2006) uses the term interests to refer to the more stable form of interest
conceptualizing interests as emotional dispositions consisting of emotional knowledge and emo-
tional experience. In new situations, such emotional dispositions activate interest states. That is,
attributions and expectations in relation to specific contexts generate appraisals of complexity and
comprehensibility which prompt exploratory behavior and information-seeking.

While inventories with well-specified psychometric properties are used in the measurement
of trait curiosity, a variety of techniques have been used to assess individual interest or interests

2 Silvia has been cited in relation to theories of both curiosity and interest (Silvia 2006, 2017) and has argued
following Berlyne (1960), that there is no functional basis for separating constructs of interest and curiosity.
Therefore, he uses them as interchangeable terms: “In motivation research, however, curiosity and interest are
seen as synonymous, and I think a unitary view is more fruitful for understanding curiosity across all of
psychology’s domains” (Silvia 2017, p. 102).
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and these techniques generally reflect different research purposes. As was described earlier,
investigations of the development of interests in young children have relied on observations in
naturalistic settings (e.g., Johnson et al. 2004; Renninger and Wosniak 1985) along with
information from parent questionnaires (e.g., Alexander et al. 2008).

When research questions are concerned with identifying general patterns of relations across
groups of students, self-report measures have been designed to operationalize researchers’ perspec-
tives on individual interest. For example, based on Renninger’s (2000) propositions concerning the
nature of individual interest, Ainley et al. (2002) used summed ratings of knowledge (“how much I
know about it”) and value (“how important it is to me” from Eccles et al. 1993) as indicators of
individual interest in each of the relevant domains for their reading tasks. More recently, Knogler
et al. (2015) used Krapp’s (2002) perspective and measured individual interest as a “stable affective,
evaluative and epistemic orientation” (p. 43). Items were of the form “I like the topic of ...,” “The
topic of ... is important to me,” and “I like studying the topic of ...”. Other researchers have used
scales from related areas with similar meanings of individual interest. For example, Chen and Ennis
(2004) in their studies of individual interest in physical education settings adapted five items from
the interest/enjoyment subscale of the Intrinsic Motivation Inventory (IMI: Deci et al. 1994). The
items specified experiences such as “I enjoy ... very much,” ... was fun,” and “I would describe ...
as very interesting.”

In other contexts, detailed behavioral indicators such as frequency and voluntary choice are
identified through detailed behavioral observation. Interviews, videotaped records of extended
behavioral episodes also have been used to map the development of interest in domains as
diverse as reading (Nolen 2007) and out-of-school science practices (Azevedo 2013).

As demonstrated earlier in this article, there are strong similarities between both the triggering
conditions and the experiential states associated with curiosity and interest. Further investigation in
educational contexts into the immediate curiosity states associated with individual differences in trait
curiosity will be informative for designing conditions that promote curiosity. In addition, investiga-
tion of the experiential states that underpin students’ activities in interest domains can also be
expanded. For example, both Krapp (Krapp et al. 1992) and Hidi (2006) raise the question of
whether the experiential state associated with initial triggering of situational interest is the same as
that operating when a student with a relatively stable individual interest experiences situational
interest. Ainley (2017) suggested that some evidence is starting to accumulate through investigations
of real-time processes underpinning interest experiences. For example, in addition to recoding
individual interest in the topic of a learning activity, Knogler et al. (2015) recorded situational
interest in high school students across 15 classes over 3 weeks. Application of latent state-trait
analysis allowed the researchers to separate the variation due to individual interest, situational
interest common to the sequence of situational measures across the classes (cross-situational), as
well as situational interest specific to each measurement point (situation-specific). In addition to
highlighting the importance of situation-specific situational interest, individual interest was signif-
icantly related to the cross-situational interest. The processing that occurs in a learning context over
time implicates a complex network of interest experiences that are related to but not totally explained
by students’ individual interest.

Future Directions

Increasingly, new research tools, technological and statistical, are becoming available to identify the
complex patterning that occurs when students’ interests interact with challenging educational
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activities. Developments in research designs and analysis have the potential to provide greater
understanding of the experiential states that operate when curiosity is aroused and interest triggered.
Along with greater understanding of these underlying processes, the same technologies can be
applied to identify and monitor how states of curiosity and interest operate in diverse learning
contexts.

Substantial progress in research designs and analyses have been achieved through adapting
online monitoring and trace methodologies to curiosity and interest research (Ainley et al. 2002).
Eye-movement data, facial expressions of emotion, and a range of physiological measures are
increasingly becoming features of motivation research (see, e.g., Azevedo 2015). In addition, new
learning environments have been made possible through interactive digital tools such as blogs,
virtual worlds, social networking, and online discussion forums (Amone et al. 2011). These digital
learning environments provide greater opportunity for monitoring students’ immediate states while
they engage with learning. In sum, researchers are gaining access to richer data to identify how the
attention, anticipatory, and affective processes that characterize curiosity and interest function while
students are undertaking learning tasks.

Applications

Dewey (1933) proposed that development of curiosity from the organic to the social level is
influenced by the presence of social stimuli. In addition, parents and teachers support development
of curiosity beyond the organic and social to the intellectual level. They do this when they link
exploratory behavior and language to more remote ends that require sequences of actions with
objects and ideas. Findings from recent studies of curiosity and interest point to the same conclusion
that parents and teachers have an important role in the development of both curiosity and interest
(see, e.g., Chak 2010; Alexander et al. 2012). From the earliest days of a child’s life when carers
have responsibility for a child’s physical environment, it is important that first parents and carers, and
later teachers, provide opportunities for children to explore their physical and social environments.
Further, support for exploratory activities needs to go hand-in-hand with parents and teachers
expressing positive feelings toward the objects of children’s questions and exploratory activities.
As Engel (2011) emphasized, it is important for classroom teachers to model and to encourage
students to have a questioning approach to objects and events in their classrooms and in their broader
environment.

Conclusion

Almost 100 years after Dewey, the constructs of curiosity and interest still challenge educators.
Grossnickle’s (2016) review draws attention to the potential of curiosity as an “educational
motivator.” Simultaneously, contemporary research provides evidence that interest is a powerful
resource for learning and development (Hidi 1990; Koller et al. 2001; Renninger and Hidi 2016). In
this article, I have examined how in-the-moment experiences of curiosity and of interest emerge out
of the exploratory behavior observed in infants and young children. As experiential states, there is
little to distinguish curiosity and interest, and from descriptions of developing interests referring to
“curiosity questions’ and “curiosity episodes,” it is apparent that experiential states of curiosity and
interest are intertwined in interest development. However, when the focus is on individual differ-
ences, constructs of curiosity and interest diverge. Trait curiosity is treated as a relatively stable
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personality trait, the propensity to feel curious in contexts high in collative variability. On the other
hand, interests as disposition or predisposition are relatively more flexible and involve preference for
engaging and re-engaging with contents of a specific domain. Contemporary developments in
research designs and analysis have the potential to provide greater understanding of the experiential
states that operate in educational contexts when curiosity is aroused and interest is triggered. Further
knowledge of these experiential states can then be coordinated with knowledge of curiosity and
interest as enduring regulatory systems.
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