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In this paper, a parallel analysis of the enjoyment derivetbin humor and insight problem
solving is presented with reference to a “general” Theory dhe Pleasures of the Mind
(TPM) Kubovy, 1999) rather than to “local” theories regarding what makes humoand
insight problem solving enjoyable. The similarity of thesevo cognitive activities has
already been discussed in previous literature in terms of & cognitive mechanisms
which underpin getting a joke or having an insight experiergin a problem solving task.
The paper explores whether we can learn something new abouthe similarities and
differences between humor and problem solving by means of aimvestigation of what
makes them pleasurable. In the rst part of the paper, the frenework for this joint analysis
is set. Two descriptive studies are then presented in whiche participants were asked to
report on their experiences relating to solving visuo-spél insight problems (Study 1) or
understanding cartoons (Study 2) in terms of whether they we enjoyable or otherwise. In
both studies, the responses were analyzed with reference ta set of categories inspired
by the TPM. The results of Study 1 demonstrate that nding thesolution to a problem is
associated with a positive evaluation, and the most frequerexplanations for this were
reported as being Curiosity, Virtuosity and Violation of @ectations. The results of Study 2
suggest that understanding a joke (Joy of veri cation) and eing surprised by it (Feeling of
surprise) were two essential conditions: when they were ngtresent, the cartoons were
perceived as not enjoyable. However, this was not enough toxplain the motivations
for the choice of the most enjoyable cartoons. Recognizing &/iolation of expectations
and experiencing a Diminishment in the cleverness or awaress initially attributed to the
characters in the cartoon were the aspects which were most gquently indicated by the
participants to explain why they enjoyed the joke. These nihgs are evaluated in the nal
discussion, together with their limitations and potentiaiuture developments.

Keywords: pleasures of the mind, humor, cartoons, insight pro blem solving, the “Aha!” experience, enjoyability

INTRODUCTION

Everyone would immediately agree that humor belongs to thegmy of pleasurable human
activities. The majority of experimental work on humor hagdised on appreciation (which is
clearly related to pleasure), and various theories reggrttie pleasure we get from humor have
been put forward. However, there are still new aspects of dpgtto investigate, and this paper
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explores one of these by means of a comparison betweame required Pominowski and Dallob, 1995; Ollinger and
the sensations of pleasure triggered in two dierent butKnoblich, 2009.
related cognitive activities: humor and insight problem Whereas various studies have analyzed the points of
solving. convergence relating to the cognitive processes involved in
The processes which are activated in insight problem solvingoth humor and problem solving, very little research has been
have many structural features which also relate to humar, fodone into whether humor and problem solving also share
example, puzzlement, instantaneous understanding, surpaise points of convergence relating to the pleasurable emotiory th
collision of contrasting cognitive schemas and a subsegueelicit (Schiller, 1938; Csikszentmihalyi, 1990; Kahneman et al.,
representational change to overcome this contrast (&@gk  1999; Kubovy, 1999despite evidence that both activities imply
and Lockhart, 1995; Kozbelt and Nishioka, 2010; Korovkirassociative thinking and are frequently accompanied by p@siti
and Nikiforova, 201p Parallels between what happens wheremotions and moodsHchiller, 1938; Bar, 2009; Korovkin and
people “get” a joke and when they successfully solve an insightikiforova, 2010; Brunyé et al., 2013; Trapp et al., 20The
problem have been already made from a number of di erentpresent paper aims to explore this topic further by analyzing
perspectives (e.g>chiller, 1938; Koestler, 1964; Suls, 1972, 1988oth humor and problem solving using the same conceptual
Fagen, 1981; Pepiciello, 1989; O'Quin and Derks, 1997; Deraol. The basis for this tool is a general Theory of the Plessur
et al., 1998 In both cases there is a kind of conundrum of the Mind (TPM) that was published byubovy (1999)
which needs to be resolved. A conundrum in the case oifh a book edited by the Nobel prize winner Kahneman in
humor, such as in a joke for instance, often involves arcollaboration with Diener and Schwarz. The subject of the
incongruity in the punch line. When the joke is understood, book regards a complex and challenging topiéell-being: the
this incongruity is resolved and a feeling of satisfactiand foundations of Hedonic Psychol¢§999). In the various chapters
therefore pleasure may arise. In insight problem solving todiorming this book, the contributors address the puzzle of tvha
there is typically a conundrum which may be either visual orhumans like and dislike, within the mindset of experimental
verbal Dominowski and Dallob, 1995; Ollinger and Knoblich, science. In the set of empirical evidence used by Kubovy
2009. to support his theory, the relationship between humor and
What occurs in both cases is that the problem solveproblem solving is hinted at but not focused on in detail.
suddenly realizes that a representational change needs Rwoviding experimental evidence concerning the ground$hif t
be made in order for the incongruity to be resolved. Thisrelationship, however, might provide a signi cant contrilborn
change requires a shift outside the initial representatidn otoward a further development of the TPM. This paper aims to
the problem Qhlsson, 1992; Knoblich et al., 1999, 200l1delve into this connection, on the one hand by strengthening
Ollinger et al., 2006, 2008 Instantaneous understanding any evidence resulting from a comparison of the literature on
(Kozbelt and Nishioka, 201(. 377) and a fairly automatic these two cognitive activities and on the other hand by propgsi
revision or reorganization of the initial representation an empirical paradigm in order to explore this relationship
(Gick and Lockhart, 1995p. 224) are therefore two of experimentally.
the basic features of the restructuring process that are Insection Placing the Pleasure Elicited by Humor and Insight
common to both understanding humor and solving insight Problem Solving within a General Research Framework for
problems. Exploring Pleasures of the Mind we will briey present the
As a result of this similarity, some studies have even addces TPM and outline the reasons why it has been chosen as a
the issue of whether humor might function as a facilitator inpoint of reference. We will then discuss how in our view this
insight problem solving@ick and Lockhart, 1995; Martin, 2007; “general” perspective is connected to more “local” approaches,
Kozbelt and Nishioka, 2010; Korovkin and Nikiforova, 2015 that is, approaches that have been developed speci cally ty stud
The rationale for this, as identi ed by some researchergtes the enjoyment people derive from humor (section Connections
to attentional processes, that is humor relieves stressliyer between the TPM Approach and More “Local” Theories on
diluting the degree of attention being devoted to the problemHumor) or from insight problem solving (section Connections
(Rowe et al., 2007This in turn stimulates the problem solver's between the TPM Approach and More “Local” Theories Relating
“peripheral focus,” destabilizing perceptual and thought patie to the Emotions Elicited by Insight Problem Solving). In the
and producing a positive e ect in terms of overcoming xities second part of the paper, we present two descriptive studies
and helping people to change their perspective in order tgsections Study 1: Factors Determining Enjoyment and Lack
restructure the problem Korovkin and Nikiforova, 201p It of Enjoyment in Insight Problem Solving and Study 2: Factors
has also been argued that humor strongly promotes assceiatiDetermining Enjoyment or Lack of Enjoyment in Humor) that
thinking, in particular stimulating remoteness of assocat were carried out with a two-fold aim: rst, to explore the
and the creation of non-obvious connectiongdestler, 1964; applicability of the common categories of the TPM in terms of
Goodchilds, 1972; Besemer and Tre nger, 1981; Sitton an@perationalizing the enjoyment (or lack of enjoyment) rélat
Pierce, 2004 These are all related to creativitfvlédnick, to tasks involving visuo-spatial insight problem solvingut 1)
1962; Koestler, 1964; Ellwood et al., 2009; Gilhooly et aand to humorous cartoons (Study 2), and second, to ascertain
2012, 201Band have a facilitatory e ect in insight problem whether the results of these two studies reveal any potential
solving where the solution cannot be reached by simplypene ts of using the same operational categories to invattig
reproducing familiar procedures. Creative or divergent peses  these topics.
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PLACING THE PLEASURE ELICITED BY on how to reconstruct the initial interpretation has been neaat
HUMOR AND INSIGHT PROBLEM the change stage, various emotions arise: feelingsrpfisedue
SOLVING WITHIN A GENERAL RESEARCH to the switch from the initial set of interpretations to the ahone;

joyin verifying the aptness of the new interpretati@atisfaction
FRAMEWORK FOR EXPLORING with performing a new skill (i.e., feeling virtuous due to sass

PLEASURES OF THE MIND in nding a new interpretation) and sometimesuperiorityon
discovering that the new interpretation produces a diminish

Whereas it is fairly evident that people experience humor as gfthe value of the initial interpretation. The sensation eépense

pleasant experience, it is less obvious how this construcbean which produces tension due to the inadequacy of the initial

operationalized. This type of pleasurable feeling has beerreef  jnterpretation gives way to a nal feeling of relief.

to in terms of amusement, appreciation, mirth, exhilaration, Kubovy(1999 p. 146) suggests that this analysis can also apply

cheerfulness, hilarity, merriment and even sudden glorg.(e to humor and hints at the fact that it might apply to problem

Zweyer et al., 2004; Martin, 2007All these facets of what is solving too. We used this as a starting point to our investiat
in e ect a generally complex construct can, taken individually

be empirically investigated (e.dgruch et al., 1996, 199for an Connections between the TPM Approach

overview se&uch, 1998 dM ‘L I” Th - H
Kubovy (1999) discussed humor as an example of a@n ore "Loca eories on Humor

pleasurable experience within a di erent theoretical frameyo Y€ carried outa detailed analysis of the emotions that, aiing

i.e., one which aims to de ne the universals of pleasurabl& Various studies and theories, are said to be sequentially
intellectual experiences such as, for example, listening fgicited by humor, going beyond the references mentioned by

music, reading poetry, solving puzzles, bird watching, ané(ubovy (1999)in his original paper. We found that the TPM

gardening. This general theory is not usually mentioned irls in fact consistent with the core concepts of the three main
the literature on humor, but it seems to us to represent efapproaches to humor and it somehow unites them. These are:

comprehensive approach which encompasses the perspectiVi§ cognitive approach (i.e., the incqngruity-resolutioredny);.
on pleasure derived from humor which have been, more ofhe psycho-physiological approach (.., the release theamy);

less explicitly, developed elsewhere in mainstream approacHd€ Sociological approach (i.e., superiority and disparagement
to the subject (e.gieith-Spiegel, 1972; Martin, 2007: Larkin- theories). If we consider how the TPM applies to the pleasure
Galifianes, 2037 associated with hearing a good joke, we can understand how

pthis works. The nal part of a joke, that is, the punch line, ofte

According to the TPM, there are three main notions whic X ’
produces a sudden and unexpected incongruitylé, 197Psince

go toward de ning the concept of “pleasure of the mind”: (1) ' . h
the stimuli and activities that induce pleasures of the migeg 1t IS nOt coherent with the preceding phase (usually calledstte

rise to certain patterned sequences of emotions; (2) a @eliﬁ’p) and with the e_xpectations, predictions, int_erprgtationsgvbhi
of satisfaction occurs when a de nite set of expectationg (thhave been es_ta.bhshed as part of the set up ('-eP’“m statein
so-calledprior statd is violated (theonsetmoment), thereby the TPM). This incongruity (referred to as tfunsein the TPM)
triggering a search for an interpretation (i.ehang which elicits a sp(_em c feeling referred to as, va_rlously, confusadn
in turn leads to the resolution of a situation or problem, thought (Maier, 1932p. 70),puzz|er_nenﬁchﬂ|er, 1938; B-erlyne,
and (3) there are a number of emotions that are present tg.° /4 P- 96) and embarrassmerdihiller, 193§ The violation of
varying degrees in most pleasures of the mindr{osity, feeling tNe Prior stateprovoked by the punch line triggers @hangein

of surprise joy of veri cation virtuosity, and diminishmeny. _the mterpretatlon_of the initial kernel on W_hlc_h the prior d&@ _
This harks back toSche ers (1991)de nition of cognitive IS based (acco@ng to the TPM), and this is consistent with
emotions as emotions that rest on a supposition relating?Nat both cognitive approaches to humor (elgaestler, 1964;
to the contents of a person's propositional attitudes (beliefs>U!S: 1972; Attardo and Raskin, 1991; Giora, 1991; Vaid. et al

predictions, expectations) and bear on its epistemologieaust 2002: Forabosco, 20pand comprehensive theories of humor
(e.g., con rmation). would claim (e.g.Apter, 1982; Wyer and Collins, 1992; Attardo,

More speci cally, pleasures of the mind are de ned as a.201‘5. With refference to the former, in pgrticular, thi.s chapge in
collection of emotions distributed over timé(bovy, 1999see INterpretation is the result of the resolution of the incongy.
alsoKahneman, 1988, 1929The basic structure of a pleasurable!t Nas @lso been demonstrated that this pattern elicits pleise
episode (or stimulus) comprises an initial set of kernels thafMotions in those who are telling the jokilll etal., 2015

elicits aprior state(i.e., a set of expectations and interpretations -€2Ving aside the structure of the kernels, let us now focus
related to the episode), a following set of kernels (@ese}that  ©n the emotions that, according to the TPM, are produced by

produces a violation of the prior state triggering a searchaor 2nd typically characterize pleasurable experiences in omler t
new interpretation (i.e.changgof the initial set of kernels. The determne Whether s.tudles on the e“JOYmem tha.t people derive
emotions associated with this sequencesargpens@t the onset  10M jokes also identi ed the same speci ¢ sensations.

stage), which can be accompaniedfégror hopeandautomatic  (a) Curiosity—the pleasure which comes from satisfying
nervous system aroussle to the violation of expectations. At curiosity, that is, learning something new, involves atshif
this point, curiosity that originates from the unknown, emerges  from an epistemic stance of the unknown or the uncertain
and triggers a search for a new interpretation. When a degisio  to the known. This is something which has been identi ed
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(b)

(©

(d)

as often characterizing people's experience of huridaifs,
1989; Canestrari et al., 2014

Feeling of surprisevarious authors have emphasized that(e)
feeling surprised is a necessary condition for humor to be
a pleasing experience although it is not the only necessary
condition (e.g.,Maier, 1932; Suls, 197for an overview of

the early conceptions of surprise theories relating to humor,
seeKeith-Spiegel, 1972 with speci c reference to jokes,
the feeling of surprise has been operationalized in terms of
an optimal innovation that is, a pleasing balance between
novelty and salience3jora, 200).

Joy of veri catior—according to the TPM, this emotion
typically occurs when people nd the solution to a problem
and it can be argued that this also applies to the processes
related to understanding a joke when an incongruity is
resolved. However, in cognitive literature on the resanti

of incongruities in humor, it has often been pointed out
that this resolution is incomplete since a residual incontyru  (f)
persists even after the listener or reader “gets” the jolg,(e.
Koestler, 1964; Rothbart and Pien, 1977; Apter, 1982; Ziv,
1984; Forabosco, 1992; Wyer and Collins, }998is may
constitute a structural di erence between problem solving
and understanding humor: in the former case (i.e., when
there is a “serious” incongruity), the resolution rendehne t
initially problematic elements of the situation completely
coherent with the solution, without any “residuals”; this

frequently impaired in a number of mental disabilities (e.g.
Forabosco, 1998, 2008; Ivanova et al., 2014

Violation of expectationrsin the TPM the sense of relief
comes from a relaxation of the initial tension caused by a
violation of the expectations established in the prior sttte;
incongruity which arises between the initial interpretatiof

the joke and the punch line results in a feeling of tension or
suspense which is only relieved when the joke is understood;
this is consistent with the psycho-physiological approach
to humor which goes back to Spencer and Freud and was
also later developed in relation to humor in art works (e.g.,
Berlyne, 1972; Wyer and Collins, 1992; Bonaiuto, 2006
Berlyne (1972gxplicitly connects the feelings of confusion
or tension elicited by the perception of an incongruity to the
hedonic value of humorous stimuli since they result in an
increase in arousal which is released when the incongruity
is resolved and the humor is understood;

Diminishment—n the TPM, and according to the theories
developed byVyer and Collins (1992and Apter (1982) it

is possible that a reinterpretation of the kernel may diminish
some aspects of the initial interpretation thereby elicitang
feeling of superiority. This is in line with superiority theées
which claim that humor often involves laughing at someone
else's weakness, defect, or misfortune (for a review(séke-
Spiegel, 1972; Martin, 2007; Larkin-Galifianes, 2017

does not apply to humor in which case a radical re-Connections between the TPM Approach

interpretation of the prior stateis implied without the

and More “Local” Theories Relating to the

implications of the initial interpretation being eliminated Emotions Elicited by Insight Problem

This has been described by, for exampleter (1982)in
terms of the simultaneous perception of two contradictory.
and synergetic viewpoints. Beattie also observed that °
uncommon mixture of relation and contrariety, exhibited, o
supposed to be united, in the same assenilpageokes a
pleasant emotion whose external sign is laughtee(tie,
1776 p. 454) and Koestler referred to the bisociation theor
as a key element of humor, that isthe perceiving of a
situation or idea [...] in two self-consistent but habityall
incompatible frames of refereh¢&964, p. 35, italics by the
author).

Virtuosity—virtuosity seems to t in well with the idea
of cognitive masterfe.g.,McGhee, 1974; Forabosco, 1992
2009; in the context of humor, the term cognitive mastery
refers to the cognitive competence required to mak
an incongruity congruous; the acquisition and evolution
of this ability depend on cognitive development (e.g.,
McGhee, 1974; Forabosco, 2))@8r example, the humorous (a)
incongruities which can be understood in early childhood
are very simple (such as a funny face), but more complex
forms of incongruity (for example irony) are only understood
much later Dews et al., 1995; Pexman et al., 2005; Angeleri
and Airenti, 2014; Bianchi et al., 201 the term virtuosity,
which in the TPM refers to the pleasure derived from doing
something that we could not do befor&i{bovy, 1999 p.
147), is clearly applicable to this sense of mastery signaling
a cognitive development (e.gMcGhee, 1979; Pien and
Rothbart, 1980; Bergen, 1998omething which is in fact

Solving
. The Eureka moment or “Ahal!” experience, that is the moment in
which the solution pops up in problem solvers' minds, suddenly
and unexpectedly{urso et al., 1994; Wegner, 2Q0pZan be
regarded as the de ning feature of insight. Studies aimiag t
describe the insight experience focused on the “Aha!” expegie
y(Kaplan and Simon, 1990; Gick and Lockhart, 1995; Bowden and
Jung-Beeman, 1998; Boden, 2004; Bowden et al., 2005; Kounios
etal., 2006; Danek et al., 2013, 2014a,b; Fedor et al.,126dBe
etal., 2016; Salvi et al., 2016; Shen et al., 2016; Web2&t14).
It has been demonstrated that the “Aha!” experience is not a
unitary construct but a multidimensional one in which ther® i
an interplay of cognitive and emotional components. Some of
these components map with the emotions that, according to the
PM approach, characterize pleasurable events in general (and
also speci cally humor).

Curiosity,according to the TPM is characterized by an initial
state of tension related to not knowing something and by a
nal state of relief when the new information is acquired.
Danek et al. (2014kstated that “the release of tension” is in
fact an aspect characterizing the “Ahal” experience. In hrisig
problems, tension arises from the very beginning, sincegther
is no obvious solution to the problem, and unsuccessful
problem solving attempts built the tension up further. If
nally a solution is found, the tension rapidly declines. Drjve
that is another aspect of the “Aha!” experience which consists
of the motivation to work and to continue working on the
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problem Ohlsson, 1984; Danek et al., 2013adbso belongs to 3min, and, in the third condition, the participants were not
to this category. asked to try to solve the problems, but were instead immelgiate
(b) Feeling of surprisi problem solving, is associated with the given a sheet of paper showing the solutions. In all of the
disclosure of the solution. It has been proved that it can vargonditions which were tested, after the solutions were aéab
in strength, and it can be accompanied by either positivehe participants were asked to indicate which two problems they
(delight) or negative (chagrin) emotion&(ck and Lockhart, liked the most, which two they liked the least, and to explain
1995; Danek et al., 2014a,b; Hill and Kemp, 3016 their choices. Their explanations were analyzed in terms of a
(c) Joy of vericationcorresponds to what, in the literature set of categories which had been derived from the TPM and re-
on problem solving, has been called the “intuitive sense dbrmulated as “operational categories” (Skble 1). This is a
success,” that is, the certainty that an insightful solutis  descriptive study. There were no speci c expectations reggrdi
correct Gick and Lockhart, 1995; Bowden and Jung-Beemarhow frequently the various di erent categories would occudan
2007; Danek and Wiley, 20).7This aspect has also often there were no precise predictions about whether successfully
been described in relation to scienti ¢ discoveri€dk and  solving the problems (or not solving them) would have a linear
Lockhart, 199h e ect on the motivations the participants gave for why they fdun
(d) Virtuosity captures the emotions that in the literature on the problems enjoyable or not. We were rather aiming to explore
problem solving have been referred to as “performancewhether analyzing responses in terms of these categories would
related aspectsT(anek et al., 2019pbwhich are manifested lead to a meaningful pattern which might in turn indicate a
in the problem solvers' comments about their ability to nd further predictive research phase.
the solution to a problem.
(e) Violation of expectationsorresponds to what has been Materials and Methods
described as suddenly realizing that certain features twhicparticipants

were not obviously relevant, and in fact were not initially Two hundred and sixteen Italian undergraduate studentsl(10
focused on and encoded (“selective elaboration” or “select males, 115 femaldd, D 21.9 yearsSDD 6.97 years) participated
encoding,’Ohlsson, 1984; Gick and Lockhart, 1995; Danelin the study (72 in the 7min condition, 72 in the 3min
et al, 2014p were in reality extremely relevant to the condition, 72 in the no engagement condition). The experimen
solution. was carried out in a room at the University of Macerata, Italy.
(f) Dimishmenthas been not mentioned as such in previousa|| of the participants gave their written informed consent.&h
literature on problem solving, but it may be applied to thestudy conforms to the ethical principles of the declaration of
emotion of discovering that the solution to the problem Helsinki (World Medical Association, 20)%nd was approved

was right under the problem solvers eyes but hiddemnyy the ethical committees of the University Departments of the
(Dominowski and Dallob, 1995; Ollinger and Knoblich, researchers involved in study.

2009. This emotion has been conceptualized and discussed

more in terms of negative than of positive emotions, i.e., Materials

sort of chagrin due to the problem solvers' prior stupidity Six visuo- spatial insight problems were used in all conditions
(Gick and Lockhart, 1995; Danek et al., 2014b; Hill andseeFigure 1). The order of the six problems was randomized
Kemp, 201% between participants.

Procedure
STUDY 1: FACTORS DETERMINING One booklet was given to each individual participant with the

ENJOYMENT AND LACK OF ENJOYMENT six problems printed on separate A4 sheets of paper (with
IN INSIGHT PROBLEM SOLVING the order randomized between individuals). The instrungo
were read out by the experimenter and projected on a screen.

In the previous section (section Connections between the TPNh the two engagement conditions (i.e., 7min engagement

Approach and More “Local” Theories Relating to the Emotionsand 3min engagement), the participants were given 7 and

Elicited by Insight Problem Solving), it was shown that the3 min, respectively, to read and solve each problem. They were

cognitive emotions referred to in the TPM are not extraneousnstructed to raise their hands when they thought they hashid

to the emotions revealed in other studies on insight problenthe correct solution. If the solution was correct, they costiop, if

solving. We might also ask whether they constitute a systiema not, they were encouraged by the experimenter to keep sewychi

list to usefully support empirical investigations into sedpports  until the end of the time at their disposal. After participants

from problem solvers. had tried to solve all six problems, they were given a sheet of
In this study, we focused on visuo-spatial insight problemspaper showing a table with the title of each problem, its sotutio

Three di erent conditions were investigated. These di ered i and a brief explanation of the solution (solution sheet). het

terms of the degree of direct engagement of the problem solvéhird condition, no engagement, participants were simply give

in the search for a solution: in a relatively “standard” cdimh, the initial booklet and then immediately afterwards thelgimin

the participants were given 7 min to solve each problem (e.gsheet.

Schooler et al., 1993; Fleck and Weisberg, 2013; Ball 2045; In all three conditions, the participants were then requested

in another condition, the time at their disposal was reducedo specify on a preference sheet the two problems that they
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TABLE 1 | The operational categories used to analyze the explanatismprovided by participants in Study 1.

Curiosity

The TPM: Being curious means that you get pleasure from learning sontking that you did not previously know.

De nition in Problem Solving: ~ Curiosity is experienced by problem solvers when, in the it stage (problem setting), they feel a state of
tension related to not knowing the solution. It is the experigce of “missing something” (the solution) that prompts thento look for what they
do not know yet (i.e., to move from the unknown to the known). Wen they know the solution, they know something new and thisslads to a
nal state of relief.

Examples (most enjoyable problems) : “l was very intrigued by the problem... and then also by the sation” [pigs in a pen]; “This was the
problem that from the beginning most roused my curiosity” fiangle].

Examples (least enjoyable problems) : “I did not nd the solution and | felt as if | was left up in the aj out of the picture” [pigs in a pen]; “The
problem did not make me curious, even after | learned what theolution was” [ ve-square].

Virtuosity

The TPM: Virtuosity refers to the pleasure you have when you feel youedoing something well.

De nition in Problem Solving : Virtuosity relates to experiencing the mastery of being ablto cope with the task, to reason about possible
solution paths. When problem solvers nd the correct solutia, they feel proud of their reasoning skills. (note: both wirosity and curiosity
concern stepping from an initial state of not knowing the seition—and not knowing whether one will be able to discover it to knowing it.
However, the focus in curiosity is on “learning a new conterit whereas in virtuosity the focus is on discovering, or conming, one's reasoning
skills).

Examples (most enjoyable problems) : “The kind of reasoning involved was both intuitive and matimatical and presupposed a bit of
knowledge of the subject” [circumference]; “It was thought povoking in terms of the reasoning which it necessitated” jght-coins].

Examples (least enjoyable problems) : “I remained focused for too long on the lines forming the hea[in the deer problem] and my brain got
stuck; then it was impossible to start reasoning in other déctions”; “In order to solve this problem [the circumferenceroblem] you needed to
apply geometrical rules that you were supposed to remembetr.

Violation of
expectations

The TPM: You search for an interpretation of the source of the violath of your expectation. You get pleasure from the violationfeexpectations
followed by a return to a stable state.

De nition in Problem Solving : A violation of expectations is experienced by problem solve when they realize that a change in their initial
mental representation of a problem is needed (since it is misading) and that information that has been viewed as insigoant is in reality
relevant to the solution (i.e., a shift in the focus of attern).

Examples (most enjoyable problems) : “The solution leads us away from the usual way of thinking berise we are used to thinking of a
square as being oriented with two vertical and two horizontdines while the solution requires them to be oblique” [pigs a pen]; “I focused
from the beginning on moving the lines representing the headnd only those. | never thought of moving the legs!” [deer].

Examples (least enjoyable problems) : “The position that the deer has in the solution (sitting thatvay!) is not a normal position” [deer]; “I
thought we had to move the coins only on the plane, while the slation was to put some on top of others” [eight coins].

Feeling of surprise

The TPM: This emotion is familiar to scientists but is widespread inrgertainment as well. It is a feature much sought after in the gstery genre.

De nition in Problem Solving : The experience of surprise (positive surprise, negative gurise or no surprise) is associated with the
disclosure of the solution. (note: Feeling of surprise is asciated with unexpectedness, and is therefore often likgla consequence of the
problem solvers' expectations being violated—see previasicategory. When, in order to explain their choices, partipants explicitly referred to
their expectations as being violated, responses were clas&d in the previous category. When they simply referred to th amazement (positive)
or perplexity or no feeling of surprise (both negative) thahey experienced when the solution was revealed, responsesere classi ed in the
present category).

Examples (enjoyable problems) : “The solution surprised me” [deer]; “The solution astonfed me” [pigs in a pen].

Examples (least enjoyable problems) : “The solution did not surprise me” [ ve square]; “The corretsolution surprised me negatively: | found
it meaningless’[eight coins].

Joy of veri cation

The TPM: This emotion is familiar to scientists but is widespread inrgertainment as well. The joy of veri cation is a characterie of many
puzzles.

De nition in Problem Solving  : Joy of veri cation is experienced by problem solvers in term®f proximity to the correct solution. (note: this
category differs from Virtuosity in that participants do noexplicitly refer to the pleasure of the reasoning acts theyere engaged in but to their
experience of verifying that their solution was in fact thearrect one—or close to it).

Examples (most enjoyable problems) : When | received the response sheet, | veri ed that my solutiowas the right one” [circumference]; “I
came very very close to the correct solution” [deer].

(Continued)
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TABLE 1 | Continued

Examples (least enjoyable problems) : “l was close but still wrong” [deer]; “When | was given the dation, | realized | was very far away from
the correct solution” [triangle].

Diminishment

The TPM: If the reinterpretation paints a less desirable picture of thprotagonist or the event (...), then you will nd the event to bdaumorous.

De nition in Problem Solving : Diminishment in problem solving is associated with a persorealizing that the solution was simple while they
had been trying much more complex reasoning paths. This carehd to enjoyment when the person makes fun of his/her own too covoluted
reasoning (i.e., diminishes him/herself) or can lead to netjae feelings when the person diminishes the problem to thetatus of a trivial one.

Examples (most enjoyable problems) : “When | read the solution, | found it so interestingly simef [pigs in a pen]; “The solution was so simple
and obvious, but at the same time very clever” [deer].

Examples (least enjoyable problems) : “It was a very easy problem in the end” [circumference probla]; “The problem was too banal and the
solution too elementary” [triangle].

Happiness De nition in Problem Solving  : A pure expression of amusement and/or enjoyment without angpeci ¢ explanation for its cause.

Examples (most enjoyable problems) : “I liked it from the very beginning” [triangle]; “I found #solution nice” [deer].

Examples (least enjoyable problems) : “Even after | learned the solution, | did not like it” [ ve-sgare]; “I do not like this problem” [eight coins].
Content type De nition in Problem Solving  : An expression of amusement and pleasure related to the sped kind of process that needs to be activated in

order to search for a solution, independently of feeling ablto do it or not.

Examples (most enjoyable problems) : “I always enjoy working on problems with non-geometrical gres” [pigs in a pen] ; “I adore puzzles that
require me to pay great attention to the words used in the texXt[eight coins].

Examples (least enjoyable problems) : “I don't like Geometry” [circumference]; “I| have never léd solving Geometry problems” [circumference].

Super cial aspects

De nition in Problem Solving  : An expression of amusement and pleasure related to the supegial elements of the problem or to the images
depicted in the problem.

Examples (most enjoyable problems) : “The problem had a simple structure and did not depend too mah on the images” [triangle]; “The
image was nice” [pigs in a pen)].

Examples (least enjoyable problems) : “It was too stylized ” [deer problem]; “The elements in the imge depended too much on the overall
con guration” [ ve square].

Figure Formulation Figure Formulation
m

Triangle (De Bono, 1969; Schooler et al., 1993): Five-square (Katona, 1940): Reduce the number of
Make the triangle shape point downwards by squares from five to four by moving only three sticks.
moving only three circles. L

. . ° Circumference (Kéhler, 1969): Find the length
Deer (Origin unknown): Make the deer face in a of the oblique side CD, given the length of the
different direction by moving just one of the lines. diameter AB

FIGURE 1 | The problems used in Study 1.

888

Eight-coin (Ollinger et al., 2013; Ormerod et al., 2002): Pigs in a pen (Schooler et al., 1993; Ball et al., 2015):
Move two coins in such a way that each coin & @ @ Construct two more square pens so as to ensure
only touches three other coins that each pig ends up in a pen of its own.

CRK)
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considered to be the most enjoyable and the two that theyhe statistical software program R 3.3.1, with the “Imeates
considered to be the least enjoyable. In both cases, theyalsy et al., 201} “Ismeans” [enth, 201} and “e ects” (Fox, 200}
asked to explain their choices in an open-answer format. Therpackages. We performed Mixed Model ANOVA Tables (Type 3
were no time limits to this last phase, but all of the participgant tests) via Wald chi-square tests implemented in the “car” pgek
completed the task within 15 min. The language used in the tas§Eox and Weisberg, 20).1Bonferroni corrections were applied
was Italian. to post-ho@omparisons. Frequency Bubble Plot were made with

o the “ggplot2” package/(ickham, 2015
Categorization of Responses

Responses were analyzed based on the six di erent COgniti\ﬁesultS
emotions described in the TPM (s@able 1) with three other - . Lo

. ; . : The bubble plots shown irfrigure 2 provide a rst indication
categories (i.e., Happiness, Content type, Super cial aspects,

. R : . of the overall frequency of the various types of explanation
which were added after an initial inspection of responses deor . L . . .
: which the participants gave for their choice of most enjoyable
to exhaustively cover all the types of reasons referred tdhby t

o . or least enjoyable problems. As the plot on the left indicates,
participants in the study. . )
. . . .the explanations that were mentioned most frequently conedr
Responses were classi ed by two independent judges wi

reference to each of the nine categories. Binomial coding w Irtuosity, Violation of expectations and Curiosity. All dhese

. . ree categories were also frequently used to explain why some
used, that is, the values 1 or O were assigned to each of the . !

; ; . . problems were considered to be less enjoyable (bubble pldieon t
nine categories based on whether they were included in the

responses or not. Eadesponsdas a whole) was assigned to rightin Figure 2), with the addition of considerations concerning

at leastone category. However, it was also possible to assi(‘sjnfl'?e“ngS of happiness deriving from the activity of insightipiem

. B solving processes (Content type).
to_more th_an one _cate_gory depen(_jl_ng on how many “chunks A GLMM (binomial, logit-link function, with Category,
(pieces of information) it could be divided into. For exampleg o - - .
T Condition and Enjoyability as Fixed e ects) was conducted to
response stating: “l found the end totally unexpected anda als - . -
. - . . L test how responses were distributed in the three conditions,
liked the caricature of the faces of the subjects” was divid® . . : -
) N . in relation to the two levels of Enjoyability (most and least
two chunks since the rst part refers to a violation of expeiiat . . L .
. enjoyable). This was done after the variability relatingthe
and the second part to the super cial aspects of the cartoon - .
. . : two random factors had been isolated (Subjects and Problems
(i.e., a di erent category). Eaathunkwas assigned to only one .
. . o as random e ects). The results are shown kigure 3 and
category. The categories that we used, technically, ariipast . :
. L . summarized inTable 2
in that none of the categories is empty, and all the categaries The interaction between Cateaory and Eniovability turned
disjoint sets. Both judges classi ed all of the responses.iiier- gory 1oy y

Py 2
rater agreement was very gooddhen's D 0.901,SED 0.043). OUI. to_ b? signi cant Big y p 216) D 32'742’9 0.001], .
In the very few cases where the initial classi cations dopéhe which indicates that the frequency of the various Categorie

two judges did not match, a discussion took place with a third>'9" cantly di ered for the most enjoyable vs. the leastaygble
judge, and a nal agreement was always reached. problems. Apost-hodests revealed:

(a) signicant dierences emerged for only three Categories
Curiosity and Joy of veri cation were used more often in
relation to the two most enjoyable as compared to the two
least enjoyable problems. This means that being curious
and searching for a solution, as well as discovering that the
solution was correct (or nearly correct) triggered pleabiga
sensations.
feelings of Happiness relating to the speci ¢ kind of cogyit
task (Content type) were conversely proportionally more
frequent in the case of explanations for the choice of the
least enjoyable problems as compared to the most enjoyable
problems. In this case, the category was obviously used

Statistical Analyses

Responses were analyzed using Mixed-e ect Mod#&ises et al.,
2015 which make it possible to deal with the variability of
some factors as random e ects and with the variability of athe
factors as xed e ects. In all the analyses, Subjects and|Enab
constituted random e ects. In particular, we used Generalize
Linear Mixed e ects Models (GLMM) with the logit link function
and binomial family in the case of proportions and the Poisson
family in case of counts All analyses were carried out using

1Generalized Linear Mixed Models (GLMM) allowed us to deal with ataitity
related to the items and to the subjects as a random e ect. The itesad in the

experiment were in fact simply exemplars of visuo-spatial geometrical pnsble negatively (e.g., “I've never ”ke_d ge_omEtrical .problemS. .
and humorous captioned cartoons and—in our experimental desigmy-tiere see some of the examples providedable 1). This suggests
interchangeable with other items of the same type. Fixed e aets@nstant across that unpleasant feelings were linked more to arpriori

individuals and random e ects varyK(eft and De Leeuw, 19%8Fixed e ects
are interesting in themselves; e ects are random if the focus efré@st in on the
underlying population Gearle et al., 2008; Snijders and Bosker, 2011
Link-function refers to the link between factors/covariatasd aresponses. It
explains how the expected value of the response relates to the lineactpred to be in a simple linear form. This is why we need the link function:nkB the
of explanatory variables. Linear regression assumes that the respariable = mean of the dependent variable to the linear term in such a way tratahge of
is normally distributed Dobson and Barnett, 2008GLMM can have response the non-linearly transformed mean ranges fromh—to C 1 . Thus we can actually
variables with distributions other than the Normal distributiorthey may even form alinear equation and use an iteratively re-weighted leastregumethod for a
be categorical rather than continuous. Thus they may not rangafrdl to C maximum likelihood estimation of the model parameters. Our dependariable
1 ; the relationship between the response and explanatory variablesi\dbaeed  was coded as binomial-data: in this case link function is logiitetion.

negative evaluation of the type of task than to any specic
di culties encountered.
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FIGURE 2 | Frequency Bubble Plots showing the overall frequency of thearious Categories reported by participants in relation ttheir choices of the most enjoyable
(graph on the left) and least enjoyable (graph on the rightygblems.

A signi cant interaction involving Category, Enjoyabilitand (d) a di erence between being engaged in the search phase for

Condition also emerged [(216 N D 216) D 38.442,p < 0.001], only 3min and not being engaged at all also emerged with
while the interaction between Category and Condition did no respect to Virtuosity in the participants' explanations for
turn out to be signi cant | (216 np216)D 17.445p D 0.357]. This their choice of the least enjoyable problems.

latter result indicates that the three conditions did ncadeper  These ndings suggest that participants in the 3 min condition
se to a di erent frequency with regard to the various Categerie \;ore aple to start the search phase and thus experience the

Conversely, as the former nding indicates, dierences onlyynica| emotions characterizing the early stages of problem
emerged between Category and Condition ininteraction Wi gq\ying (which are related to Curiosity). However, they could

Enjoyability factor. Indeed, gmost-hodests con rmed: not experience the emotion characterizing the nal phaset tha

(a) in both of the engagement conditions, the participantd$ Virtuosity, since they did not have su cient time to nd tb
referred to Curiosity more often in relation to the problems correct solution. In fact, in the 3 min condition, Virtuositywas
they liked the most as compared to those they liked thénore frequently mentioned by participants in a negative sense,
least: that s, they did not nd the problem enjoyable since they diokn

(b) Virtuosity was mentioned more often as an explanation forhave time to nd the correct solution and therefore did notefe
choosing the two most enjoyable problems in the 7 minvirtuous.
engagement condition than in the no engagement condition; In a further analysis, we investigated whether the explanatio
(This result is consistent with the fact that feelings ofgiven for both the most and least enjoyable problems changed
virtuosity can only be experienced at the end of a successfdepending on whether participants succeeded or not in nding
search process. Learning the right strategy obviously implie¢be correct solution. To do this, we zoomed in on the two
engaging in the search for a reasonable amount of time, thaonditions in which the participants had been engaged in a
is, su cient time for the participant to feel virtuous. Those search phase (7 min condition, and 3 min condition) and stadie
who did not engage in the search phase were obviously nathether the frequency of the various Categories varied dggen
in a position to feel virtuous); on whether or not they had been able to solve the problems.

(c) Curiosity was given as the explanation for the choice o¥We conducted two new GLMMs (binomial family, logit link
the two most enjoyable problems more often by thosdunction), one to study the e ects of Category (on 9 levels),
participants who had been engaged in the search phase f@ondition (3min engagement, and 7 min engagement), and
only 3min as compared to those participants who had notSuccess (problem solved correctly, problem not solved diyjec
been engaged at all; in relation to the two most enjoyable problems and another
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FIGURE 3 | Effect plot of the frequency data (with reference to the binmial model described in the main text) showing the proportioal use (use over nonuse) of the
various Motivation Categories relating to the participast choices of the most and least enjoyable problems. Bars regesent a 95% con dence interval.

TABLE 2 | Summary of the signi cantpost-hoc tests resulting from the GLMM carried out on the explanatiosiprovided by participants to support their choices of the

two most enjoyable and the two least enjoyable insight proleims.

Post-hoc pairwise contrasts z-test p-value Standard Effect size
error (odds ratio)

Curiosity in the most enjoyable problems> 5.689 <0.001 0.431 2.457

Curiosity in the least enjoyable problems

Joy of veri cation in the most enjoyable problems> Joy of veri cation in the 4.345 0.002 0.073 0.199

least enjoyable problems

Content type in the least enjoyable problems 4.134 0.005 1.086 3.548

Content type in the most enjoyable problems

Curiosity in the most enjoyable problems (3 min conditiory Curiosity in the 4.325 0.021 0.688 2.976

least enjoyable problems (3 min condition)

Curiosity in the most enjoyable problems (7 min conditiory Curiosity in the 4.300 0.024 0.740 3.185

least enjoyable problems (7 min condition)

Virtuosity in the most enjoyable problems (7 min conditiory Virtuosity in 4.430 0.013 0.580 2.573

the most enjoyable problems (no engagement condition)

Curiosity in the most enjoyable problems (3 min conditiory Virtuosity in the 4.307 0.023 0.638 2.751

most enjoyable problems (no engagement condition)

Virtuosity in the least enjoyable problems (3 min conditigr Virtuosity in the 4.938 <0.001 0.532 2.629

least enjoyable problems (no engagement condition)
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in relation to the least enjoyable problems. In both cases, @suo-spatial insight problems of the six that they worked on.
signi cant interaction between Category and Success eetkrg In this second study, again using the TPM as a point of
The results are summarized Table 3 reference, we aimed to explore the categories that were the
In the case of the two most enjoyable problem%s[N D 144) most frequently included in the explanations given by the
D 18.780p D 0.016], the di erence concerned the Violation of participants for their choice of the most and least enjoyable
expectations category that was more frequently mentioned iaf the six captioned cartoons they were shown. In caption
relation to unsolved problems. The fact that this categorg wacartoons (also called mixed mode cartoons), both the piatori
frequently mentioned by participants in relation to problemsand the textual aspects are pivotal to the interpretation of
that they enjoyed but had not been able to solve, indicatas ththeir humorous interpretation Attardo and Chabanne, 1992;
realizing that a switch in perspective was needed (even thougfsakona, 2009 The reason for choosing this type of cartoon
this only became evident when the participants' response sheder the second study as compared to, for instance, verbakjoke
were examined) elicited pleasurable emotions. In other wordwas that the six visual-insight problems used in Study 1 were
people nd pleasure in discovering that a change in the initialalso mixed mode since they consisted of both drawings and
expectations is needed to nd the solution, that xating oneth verbal texts.
initial representation of the problem causes a block and that Humorous stimuli are supposed to be understood quickly,
they can overcome this block by violating the initial expéiotes. ~ otherwise the humorous e ect diminishes or failS€rks et al.,
“Unexpected” in this case means “enjoyable.” 1998; Cunningham and Derks, 2Q0%or this reason, it was
The interaction between Category and Success was alget possible to test di erent time conditions in Study 2 as in

signicant in the second GLMM [? @ND144) D 21.264, Study 1. The process of understanding humor is immediately
p D 0.008] which focused on the problems which were chosefctivated by the presentation of a stimulus. We modulated the
as the least enjoyable (see the section on the rigifiainle 3.  immediacy of the participant's access to the punch line by using
Three categories were most frequently used in associatittm w one-panel and multi-panel versions of the same cartoons but
unsolved problems: Violation of expectations; Virtuositydan the times involved were still very short. In visuo-spatialigyis
Curiosity. A tendency also emerged in the case of Conteraroblems, the initial representation is provided togetherhnat
type. These results indicate that participants who had notdpeintext describing the task, while the representation displayirey t
able to solve a problem and evaluated it as unpleasant/ néolution is shown at a later point (unless the problem solver
enjoyable reported that their negative feeling related td noimmediately sees the solution but this is extremely rareprig-
having experienced being skilled enough to succeed in ndingpanel cartoons, all the information is condensed into one imag
the correct solution (i.e., lack of Virtuosity), or not hagj felt  In multi-panel cartoons, the information (i.e., the onset and
stimulated by the problem (i.e., no Curiosity), or their fttetion  resolution) is distributed across the panels and the reswiuis
at not having being able to change their initial perspective.(i only displayed in the last one. In this sense, spreading out the
Violation of expectations). participant's access to the initial and to the nal parts of tbk¢ is

more similar to what normally happens in problem solving tasks,

although within a much longer timeframe.
STUDY 2: FACTORS DETERMINING
ENJOYMENT OR LACK OF ENJOYMENT Materials and Methods
IN HUMOR Participants

One hundred and eighty four Italian undergraduate stud€ats
The results fromStudy 1 showed which categories (in terms males, 88 females] D 21.8 yearsSDD 6.44 years) participated
of the TPM) occurred the most frequently in the participants'in the study (86 in the multi-panel condition, 98 in the single
explanations for their choice of the most and least enjoyablpanel condition). The experiment was carried out in a classroom

TABLE 3 | Summary of the signi cant post-hoc tests resulting from the two GLMMs conducted (one on the two rost enjoyable problems, another on the two least
enjoyable problems) to study the effect on the explanationategory of having solved or not solved the problem.

Post-hoc pairwise contrasts z-test p-value Standard Effect size
error (odds ratio)

Violation of expectations in the most enjoyable problems (pblem not 4.544 0.008 1.454 4.436

solved correctly> problem solved correctly)

Violation of expectations in the least enjoyable problemg{oblem not 5.180 <0.001 8.613 23.863

solved correctly> problem solved correctly)

Virtuosity in the least enjoyable problems (problem not seéd correctly > 6.468 <0.001 9. 468 26.566

problem solved correctly)

Curiosity in the least enjoyable problems (problem not sadd correctly > 3.990 0.010 7.613 13.993

problem solved correctly)

Content type in the least enjoyable problems (problem not deed correctly 3.498 0.071 4.142 7.293
> problem solved correctly)
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at the University of Verona (ltaly) at the end of a class whiasw Statistical Analyses
totally unrelated to the topic of the study. All of the particiga  Responses were analyzed using Mixed-e ect Models (using the
gave their written informed consent. The study conformstiet same packages as those described in Study 1). In all the enalys
ethical principles of the declaration of HelsinkiVorld Medical ~ Subjects and Cartoons constituted random e ects. We used
Association, 200)and was approved by the ethical committees ofGeneralized Linear Mixed e ects Models (GLMM) with the logit
the University Departments of the researchers involved inlgtu link function and binomial family in the case of proportions@n

the Poisson family in case of counts. Bonferroni correciorere

Materials applied topost-hocomparisons.

Six caption cartoons were used. The cartoons had been takﬁesults
from a website on the internet. All of them were one-paneLI_

cartoons but we modi ed them in order to obtain an additional thhe bupble tplots |an|gure ° shor\:\( :]hfh overa:! freql:ency Off
multi-panel version (seigure 4). e various types of reasons whic e participants gave for

their choices of the most and least enjoyable cartoons. The
plot on the left suggests that Violation of expectations igioft
Procedure referred to, and that Structural aspects concerning the esibj
One booklet containing the 6 cartoons was given to eachy the graphics of the cartoon (Super cial aspects) are also
individual participant with the order of the cartoons randoreid frequently mentioned. Conversely, there was a greateraang
between participants. The cartoons were all one-panel castoonyf reasons given for lack of enjoyability but lack of a Feglin
in one condition and all multi-panel cartoons in another of syrprise, lack of autonomous understanding of the joke
condition. (Joy of veri cation) and again speci c aspects relating to the
The instructions were read out by the experimenter andsypject or graphic aspect of the cartoon (Super cial aspects)
projected on a screen. Participants were asked to look at &t re\yere overall the Categories that the participants most fratiye
the six cartoons. A sheet of paper containing a brief explanatioreferred to.
for each cartoon was then provided (paralleling the solution A GLMM was conducted to test how responses were
sheet in Study 1). It was felt that this was needed to guaeantgjistriputed (binomial, logit-link function, with Category

that everyone understood the jokes. The participants were thecongition and Enjoyability as Fixed e ects, Subjects and
requested to specify which two cartoons they considered to beartoons as random e ects).

the most enjoyable and which two they considered to be thetlea Ag the signi cant main e ect of Categories indicates 9
enjoyable. They were also asked to explain their choices (Ope@,Nsz) D 82.803,p < 0.001], some of the Categories were
answer). The format of the response sheet was identical torthe  more frequently used by participants to explain their choices
used in Study 1 with a space for them to indicate their choices a than others. In particular (apost-hodests con rmed), Feeling

ve lines for each choice in which they were requested to @rpla of surprise, Violation of expectations and aspects relating to
what made the cartoon particularly enjoyable or otherwisethe content or graphics of the cartoons (Super cial aspects)
There were no time limits, but all of the participants completedyere the three categories most frequently used. However, the
the task within 10min. The language used for the task wagteraction between Category and Enjoyability also turned o

Italian. to be signi cant [ (ZS’ND184) D 68.111p < 0.001], which means
that the frequency of the various Categories signi canilgictd
Categorization of Responses for the most enjoyable vs. the least enjoyable cartoonsdi &s

Responses were analyzed with reference to the set of categoskown inFigure 6 (and con rmed by thepost-hodests reported
used in Study 1 (seable 1) adapted for use with the cartoons in Table 5, Violation of expectations and Diminishment were
(se€eTable 4). For the sake of simplicity, the cartoons are referredused more often in relation to the two most enjoyable as
to as jokes since traditionally cartoons are frequentlyuais compared to the two least enjoyable cartoons. Conversel, la
jokes @ttardo and Chabanne, 1992; Corcoran et al., 1997f Feeling of surprise and the absence of Joy of veri catiorewer
Hempelmann and Samson, 2008 he application of this set more frequently referred to when explaining the choice of two
of categories to humor was done on the basis of the TPM antbast enjoyable cartoons. References to structural aspeces w
of an initial inspection of the responses in order to guaranteaised with the same frequency for both the most enjoyable had t
that the operative tools used represented the complexity of thieast enjoyable cartoon®¢ds-ratioD 0.618 SED 0. 041 z-ratio
qualitative explanations of the participants. All of the respess D 2.831p< 0.708).

were classi ed by two independent judges in terms of each@fth  Therefore, the ndings which emerged from this study sugges
nine categories. Binomial coding was used, that is, theegalwor  that understanding a cartoon (Joy of veri cation) and being
0 were assigned to each of the nine categories based on whetkarprised by it (Feeling of surprise) are two conditions which
they were contained in the responses or not. The categories weare essential for pleasure: when they were not present, the
therefore not mutually exclusive. The inter-rater agreatngas cartoon was not perceived as being enjoyable. At the same
very good Cohen's D 0.879,SED 0.051). In the very few cases time, being surprised by the punch line and understanding it
where the initial classi cations done by the two judges diotn do not seem to be enough to guarantee a greater degree of
match, a discussion took place with a third judge, and a nalenjoyment: recognizing a violated expectation and expeignc
agreement was always reached. a diminishment in the cleverness or awareness initiallyitaited
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Dogs
...each to their own
what happened
to him?
Bats
5 (O]
| have no idea!
A few moments ago
he was ok but then
he fainted!
P A Ty
/" Hey!'Howlong
| do you need )
. to take a picture? /
g )
Shark
Fish
No, Brian. Don’t do it!
Igloo
Mice
FIGURE 4 | The cartoons used in Study 2 as presented in the multi-panelandition. In the one-panel condition, only the nal panel (i.e the one on the right) was
presented. The original versions of the cartoons (one-pargin Italian) were retrieved from www.paginainizio.com oré 15th September, 2017 (by courtesy of
Paginalnizio.com).
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TABLE 4 | Operational categories used to analyze the explanations pvided by participants in Study 2.

Curiosity

De nition in Humor:  Curiosity is associated with realizing that there is somethg incongruous in the text that needs to be understood, and
this incongruity elicits a state of tension which activatethe person to look for meanings. Once the resolution of a joké achieved, a positive
feeling of knowing something new (i.e., getting the joke) ees and this leads to a nal state of relief.

Examples (most enjoyable cartoons) : “It stimulated my curiosity and made me want to understand tB meaning” [bats]; “It made me
curious and it interested me; this pushed me to look more cartilly at the snake...it was clear that there was something huntous hidden
somewhere...” [mice].

Examples (least enjoyable cartoons):  “From the beginning, it left me indifferent and did not stimlate any reaction in me or any curiosity
[dogsT’; “It did not catch my attention, and therefore it did not make mewant to understand its meaning” [igloo].

Virtuosity

De nition in Humor:  Virtuosity is the feeling of being able to understand a jokdt occurs more frequently when the joke is perceived as witty
or is based on intellectual or speci ¢ domain knowledge than aen it is perceived as trivial and can be understood by everyt.

Examples (most enjoyable cartoons) : “It was ironic to the right point: you needed to think about ia bit” [igloo]; “It offers a brilliant
comparison; it is not immediately clear” [igloo].

Examples (least enjoyable cartoons):  “It is much too convoluted and complicated, and did not make melaugh immediately” [bats] “l was
not able to understand immediately what the point of the jokevas; | focused on an irrelevant aspect...” [dogs].

Violation of
expectations

De nition in Humor:  Violation of expectations is related to discovering that #joke plays on contravening/contrasting expectations towed
which the reader has been biased by the text/image at the begimng of the interpretative process, and to discovering thathe resolution of the
joke requires a re-structuring of the initial interpretain.

Examples (most enjoyable cartoons):  “It is paradoxical. Exactly the opposite of what is true for hmans!” [bats]; “It is uncommon and
unusual, and it excited my interest precisely because it istsurd” [mice].

Examples (least enjoyable cartoons):  “It did not amuse me because the cartoon is too far from realityit is unreal, absurd.” [ sh]; “I did not
enjoy the igloo cartoon because the solution is too far from wat actually happens” [igloo].

Feeling of surprise

De nition in Humor:  Feelings of surprise arise when a new interpretation, whicis achieved by resolving an incongruity, is perceived as
unusual.

Examples (most enjoyable cartoons):  “The punch line was unexpected” [ sh}“The punch line surprised me” [mice].

Examples (least enjoyable cartoons) : “It is banal and predictable” [shark]; “The end was predictale” [ sh].

Joy of veri cation

De nition in Humor:  Joy of veri cation is experienced depending on the proximityf a person's understanding to the correct interpretation &
the joke. (note: this category differs from Virtuosity in #t the participants did not explicitly refer to their abiltto understand quickly or to the
subtlety of the jokes but rather mentioned the outcome of thi understanding matching the “of cial”interpretation of he joke).

Examples (most enjoyable cartoons):  “Itis an easy and immediate punch line, it does not require resmning and you understand it quickly”
[shark]; “I got it immediately and this made it very humorouigigloo].

Examples (least enjoyable cartoons):  “I could not get the meaning from the drawing and the text” [dgs]; “If | had not been given the
explanation of the joke, | would have never have thought it veameant to make people laugh” [dogs].

Diminishment

De nition in Humor:  Diminishment is experienced when the reinterpretation ohe text (i.e., the resolution of the incongruity) implies &t the
characters or the event on which the joke is focused are lesstiactive (e.g., honest, innocent, loyal, clever) than thyeseemed from the rst
impression.

Examples (most enjoyable cartoons):  “Itis amusing that the little mice have not realized before #t they have been eaten; “The husband,
with the excuse of taking a picture of his wife, tries to givette shark time to eat his wife, who apparently has no idea whasihappening [shark].

Examples (least enjoyable cartoon):  “It plays on the perceived stupidity of mice” [mice]“l was sorry for the mice and felt bad when |
realized that they had understood that they were in a snake'belly.” [mice]

Happiness

De nition in Humor:  a pure expression of amusement (i.e., appreciation of a jojewithout any speci c explanation for its cause.
Examples (most enjoyable cartoons):  “The idea of a sh ying tied to a balloon makes me laugh.” [ sh] “It was ironic and playful” [shark].

Examples (least enjoyable cartoons):  “There is nothing amusing about this” [dogs]; “I did not enjp it for no speci c reason but | simply nd
it not very ironic” [mice].

(Continued)
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TABLE 4 | Continued

Content type

De nition in Humor:  an expression of appreciation and amusement connected to aeci ¢ humorous genre or humorous topic.

Examples (most enjoyable cartoons):  “The stereotypical topic of an annoying wife who exasperateher husband is always humorous”
[shark]; “It made me laugh because it plays on the customary pady of wife and husband. The relationship between the two isften
compared to the formula “love-hate relationship.” [shark]

Examples (least enjoyable cartoons): ‘It represents typical masculine humor that is based on the ieha that you need to get rid of the no
longer desired wife, without caring about her general welking. Male chauvinism.” [shark] ; “It is not amusing becausé ielates to the issue of
suicide, so | think it is black humor” [ sh].

Super cial aspects

De nition in Humor:  An expression of amusement and appreciation related to thewgper cial and formal aspects of a joke.

Examples (most enjoyable cartoons):  “I enjoyed the characters and the facial expressions used toonvey the humorous meaning” [ sh]; “I
found the caricature of the characters funny” [shark].

Examples (least enjoyable cartoons):  “I did not appreciate it mostly because of the style of the drawing” [shark]; “The characters in the
cartoon are animals which | do not like” [mice].

FIGURE 5 | Frequency Bubble Plots showing the overall frequency of thearious Categories reported by participants in relation ttheir choices of the most enjoyable
(graph on the left) and least enjoyable (graph on the rightatoons.

to the characters of the joke were the two aspects which wethere was only a trend [2 D 14.701,p < 0.065]. A

speci cally more frequently associated with the most enfidga post-hodénspection revealed that this related to a relatively lower

cartoons.

No signi cant di erences in the distribution of responses in reason for a cartoon being chosen as the most enjoyable in the

(8ND184)

frequency of the Category entitled Violation of expectat@s a

the one-panel as compared to the multi-panel condition emeygednulti-panel condition Odds-ratioD 0.408 SED 0.088z-ratio D
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FIGURE 6 | Effect plot of the frequency data (with reference to the binmial model described in the main text) showing the proportioal use (use over nonuse) of the
various Categories relating to the participants' choices bthe most and least enjoyable cartoons. Bars represent a 95%on dence interval.

TABLE 5 | Summary of the signi cant post-hoc tests resulting from the GLMM carried out on the explanatiosprovided by participants to support their choices of the

two most enjoyable and the two least enjoyable cartoons.

Post-hoc pairwise contrasts z-test p-value Standard Effect size
error (odds ratio)

Violation of expectation in the most enjoyable cartoons 9.315 <0.001 0.662 6.173

Violation of expectation in the least enjoyable cartoons

Diminishment in the most enjoyable cartoons 3.732 0.029 0.752 2.809

Diminishment in the least enjoyable cartoons

Feeling of surprise in the least enjoyable cartoons 5.926 <0.001 0.511 2.872

Feeling of surprise in the most enjoyable cartoons

Joy of veri cation in the least enjoyable cartoons> 4.188 <0.001 0.486 2.365

Joy of veri cation in the most enjoyable cartoons

4.146,p D 0.021). We will go back to this nding in the nal
discussion.

DISCUSSION

humor might be discovered by comparing these two cognitive
activities within a general theory of the Pleasures of the Mind
The theory we assumed as a framewdfkijovy, 1999is based
on the idea that all pleasures of the mind derive from a naveati
structure which activates a corresponding sequence of em®ti
In this study, we explored whether new elements relating & thThe concept of narrative interpretation applies equally well to
enjoyment experienced in problem solving and understandinghe processing involved in both solving an insight problem and
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understanding a joke. In two studies (one focusing on visuoer 7 min engagement) and one requiring them to simply read
spatial insight problems, and the other on cartoons), we exgqalor the problems and their solutions, it was possible to verify
the applicability of the same set of categories in order to amaly that Virtuosity occurred in relation to the two most enjoylab
the participants' choices of the most enjoyable or least efjley problems signi cantly more frequently for those participants
problems and cartoons. We do not wish to imply that thesewho had been engaged in the search for 7 min as compared to
categories describe exactly the same aspect in the two ¢entexhose who had not been engaged at all. Engaging in a search for
Every time general categories are instantiated in di eramaa the solution for a reasonable amount of time (i.e., long egloto
(and even in dierent individual cases within the same areafry various strategies and therefore experience beinguwirs”)
e.g., in our case, in specic cartoons or specic visuo-spatialhus seems to be a critical factor in terms of whether or not
problems), their meaning changes slightly. There is, howevethe problem solver experiences pleasure related to virtuosity i
still an element which is invarianfTables 1 4 show how we this kind of task. Participants who were not engaged in the
modulated the same general categories for the purposes of teearch phase obviously could not experience feelings of gitjuo
two contexts.Table 1 applies to visuo-spatial insight problem Those who were engaged in the search phase for only 3min
solving andTable 4to humor. The interpretations do not aspire were able to experience the positive emotions that, according
to be de nitive; rather, they represent an initial operatibna to the TPM, typically characterize the early stages of proogssi
proposal derived from the general de nitions provided byin an enjoyable activity, namely Curiosity, but they were Ueab
Kubovy (1999)The question was whether putting both activitiesto experience the emotions characterizing the nal stages.,(e
under a common umbrella (as suggested by the TPM) mighVirtuosity). In fact, this latter category was usually chossna
reveal something in common in terms of the relative undertyi reason for lack of enjoyment due to feelings of frustratidmatts,
cognitive mechanisms. At the present state of the art, it wafor negative rather than positive reasons. Finally, readizimat
not possible to formulate a predictive hypothesis regardin@ change in perspective was needed in order for the problem
the application of the abovementioned set of categories tto be solved (i.e., Violation of expectations) turned out ® &
two di erent cognitive activities. In fact, in the original par clear source of enjoyment for some but a clear source of lack of
(Kubovy, 199% the application of the TPM to humor and enjoyment for others. In fact, Violation of expectations veae
problem solving was more hinted at than actually demonstratedf the most frequently reported explanations in associatidtin w
analytically. both the most and the least enjoyable problems. In particitar,
With all these premises in mind, we still consider the resultsvas more frequently reported as the cause of lack of enjoyment
of our research to be extremely encouraging and furtheiirigst by those participants who had failed to solve the problems as
would certainly be worthwhile. An evaluation of whether thecompared to those who had succeeded (and the same held for
results of the studies also o er useful feedback in terms olfack of Virtuosity and lack of Curiosity).
a theoretical elaboration of the theory which was assumed as With regard to the cartoons, Joy of veri cation and Feeling of
a framework, that is the TPM, is beyond the scope of thisurprise turned outto be two essential categories. Inddesrece
paper. In this paper, we have shown that the mindset underlyingf understanding (or of clear understanding) and absence
the TPM supports the idea of re-conceptualizing many of theof surprise were the two categories which were signi cantly
proposals which have been developed in research on the subjessociated with the cartoons which were judged to be the leas
of problem solving and humor (sections Connections betweeenjoyable. Violation of expectations was another categdrighw
the TPM Approach and More “Local” Theories Relating to theoccurred frequently but, in contrast with the results of the
Emotions Elicited by Insight Problem Solving and Connectio problem solving study, it was only speci cally mentioned as
between the TPM Approach and More “Local’ Theories ona reason for enjoyment (i.e., it was associated with the most
Humor). Furthermore, we have shown that a joint applicationenjoyable rather than the least enjoyable cartoons).
of this set of common terms to both visuo-spatial insight As things stand, it is not possible to ascertain whether the
problems (section Study 1: Factors Determining Enjoymemt an ndings of our two studies are speci c to the six problems and
Lack of Enjoyment in Insight Problem Solving) and cartoonsthe six cartoons used or whether it is a generalizable ouecom
(section Study 2: The Factors Determining Enjoyment or Lacleurther studies extending the analysis to a di erent sample of
of Enjoyment in Humor) revealed a varying prominence of theproblems and humorous stimuli would be required for this
various categories. to be established. However, as already clari ed, the ambitio
In problem solving, Curiosity and Joy of veri cation were the of this paper was in no way to be all inclusive or conclusive
most often referred to in relation to the problems which werebut rather to open a research path. The above ndings paint
judged to be more enjoyable. This means that being fasanate reasonable picture of the similarities and di erences iefat
by a problem and then happy to discover that the solutionto people's experiences of pleasure of the mind resulting from
is in fact correct (or nearly correct) both trigger a “pleasur these two activities. With regard to the di erences, for exden
of the mind” experience. Conversely, lack of enjoyment wathe fact that Virtuosity played a major role in problem solving
more frequently linked to an a priori negative evaluation ofbut not in understanding humor seems to be in line with the
the type of task (category Content type) than to any speci consideration that the incongruity which is a basic companen
di culties which had been encountered during the search phias of humor is noticed and resolved quickly in cartoons, wheréee
By investigating three conditions, two requiring the paipints  re-organization of a problem that needs to be addressed igliis
to engage in a search for a solution (i.e., 3min engagemeproblem solving is neither fast nor without e ort. This e ort
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is part of the process and, as the responses of our participanesperienced in problem solving and the pleasure derived from
con rmed, also part of the pleasure. In contrast, nding humor it. It was also extensively discussedkinbovys original paper
di cult to understand is not experienced as a part of the progess(1999. This is an aspect, in addition to widening the range of
as one of the participants iStudy 2 clearly said “Even after insight problems (i.e., visuo-spatial insight problems) andior
I had understood the humor in the cartoon when | read thestimuli (cartoons) to include other types, that future stadi
explanation, | couldunderstandwhat the point was but | only would need to address.
gotitin my “head”: | didn'texperience enjoymeht

As a nal consideration, we would like to focus on the major ETHICS STATEMENT
role of Violation of expectations which emerged in both sesli
In a totally dierent context, i.e., a cognitive analysis ofeth All subjects gave written informed consent in accordancenwit
reasoning mechanisms underlying problem solving and humotthe Declaration of Helsinki. The protocol was approved by the
it has been demonstrated that contrast is key to any explonati ethical committees of the Department of Education, Cultural
of alternative strategies in insight problem solvirgrgnchini  Heritage and Tourism, University of Macerata, Department of
et al., 2015, 20)pas well as in inductiveGale and Ball, 20)2 Humanities, University of Macerata, Department of Human
and deductive thinking Augustinova, 2008 and it has also Sciences, University of Verona.
been argued that contrast is fundamental to the incongruity
mechanism in humor Colston, 2002; Canestrari and Bianchi, AUTHOR CONTRIBUTIONS
2012, in press; Canestrari et al., 20%@e reviews irKeith-
Spiegel, 1972; Martin, 2007; Larkin-Galifianes, Y0lhe results  CC, EB, IB, US, RB substantially contributed to the conception
discussed in the present paper (in particular with respect to thef the work, the design of the study, the drafting of the work,
Violation of expectations) suggest that contrast also repressa  and the interpretation of the data. CC, IB, EB contributedhe t
link between insight problem solving and humor in terms of theacquisition of the data; CC and EB contributed to the codirig o
cognitive emotions triggering pleasures of the mind. responses; RB and IB contributed to the analysis of the data. CC

One of the aspects that we are aware our experimental desig®, EB, RB, US approved the nal version to be published and
did not factor in is the perceived complexity of the problemsagree to be accountable for all aspects of the work in termiseof t
which were presented to the participants. Brerlynes aesthetic accuracy or integrity of any part of the study.
theory (L9732, he used the “inverted U paradigm” to demonstrate
how a stimulus of medium complexity elicits an intermediateFUNDING
level of arousal which impacts positively on the hedonic value
of the stimulus. This paradigm has also been used within th&his research was supported by the Department of Education,
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