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Introduction
As a scientist, life can be an emotional roller-coaster. When our 
cherished theories are contradicted by evidence our emotional 
tone can suddenly become negative as we are confronted unex-
pected anomalies. In frustration and despair we then search for 
alternative explanations in order to account for these anomalies. 
After a while however, we may serendipitously come up with a 
new idea which appears to correctly predict new data, and sud-
denly positive emotions are likely to occur along with a motiva-
tion to search, happily and excitedly, for further applications of 
this conjecture. A famous example of this emotional transition 
can be found in Kuhn’s quotation of Wolfgang Pauli’s corre-
spondence before and after Heisenberg’s breakthrough article in 
quantum mechanics (Kuhn, 1962). Prior to the article a 
depressed Pauli writes: “At the moment physics is again terribly 
confused. In any case, it is too difficult for me, and I wish I had 
been a movie comedian or something of the sort and had never 
heard of physics” (1962, p. 84). However, a few months later 
Pauli writes ecstatically: “Heisenberg’s type of mechanics has 
again given me hope and joy in life. To be sure it does not sup-
ply the solution to the riddle, but I believe it is again possible to 
march forward” (Kuhn, 1962, p. 84).

In the present article, I will refer to these situations in terms 
of dealing with troubling anomalies and being buoyed up by 
exciting conjectures, respectively. I will try to show that Kuhn’s 
seminal insights (Kuhn, 1962), are not only relevant for explain-
ing scientific activities in light of scientific communities, but 
may also help to explain how emotional and cognitive processes 
drive epistemic activities within an individual scientist. I try to 
show that many of Kuhn’s ideas can be reformulated in terms of 
emotional and cognitive processes that are themselves orches-
trated into a higher level mechanism producing cyclical phases 
of epistemic activities (Kuhn, 1962, 1977).

What does Kuhn’s epistemology have to do with emotion? 
Kuhn (1962) notes that a “sense of malfunction that can lead to 
crisis is prerequisite to revolution” (p. 92). He claims that all 
revolutionary discoveries he investigated (e.g., the discovery of 
oxygen, Uranus, and X-rays) began with the experimental isola-
tion of an anomaly. A sense of insecurity gradually increases as 
the scientist struggles to make the anomaly “law-like,” and 
engages in a search for alternative theoretical interpretations 
(Kuhn, 1977). It is only after discovering a new promising 
framework that the scientist can regain the lost sense of trust and 
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return to the practice of “normal science.” As the new paradigm 
becomes consolidated, attention becomes focused on only those 
features of the world that matter, and all extraneous information 
is disregarded. Anomalies that do not fit into the conceptual box 
supplied by the paradigm fail to be noticed (Kuhn, 1962), and 
“normal scientific” enterprise focuses only on those empirical 
phenomena that the paradigm predicts.

How does Kuhn’s account relate to cognitive processes 
within the individual scientist? There are several indications in 
his work that suggest this. For example, he writes: “Any new 
interpretation of nature, whether a discovery or theory, emerges 
first in the mind of one or a few individuals” (Kuhn, 1962,  
p. 143). It is clear that Piaget’s notions of “assimilation” (the 
incorporation of new experiences into existing schemas), and 
“accommodation” (the modification of existing schemas to 
take into account new experiences) are foundational to his 
work (e.g., Burman, 2007; Tsou, 2006), and that his notion of 
epistemic progress relies on the sequential alternation of these 
two types of activities (Kuhn, 1977; Piaget, 1985). Kuhn’s 
famous “paradigm shift” is indebted to the notion of a Gestalt 
switch (Wertheimer, 1923). He also cites Bruner and Postman’s 
seminal playing card experiment (1949) in order to explain 
how scientists fail to “see” anomalies when performing experi-
ments within a paradigm. Minsky has clearly pointed out the 
similarity between Kuhn’s notion of “paradigm,” Bartlett’s 
(1932) notion of “schema” and his own influential notion of 
“frame” (Minsky, 1974).

The Bipolar Model of Scientific Discovery
Although Kuhn worked out his epistemology in light of the 
practice of social communities, is it possible to reformulate 
these ideas in terms of cognitive and emotional processes that 
function at the individual level? The bipolar model attempts to 
formulate a high-level mechanistic description of interactions 
between emotional and cognitive processes. The idea is that the 
orchestration of these processes is responsible for phasic epis-
temic progress (see Herschbach & Bechtel, 2015).

I assume that scientific discovery is driven by interactions 
between bottom-up phenomenal experiences and top-down con-
ceptual interpretations. These can result in assimilative and 
accommodative epistemic activities (see Piaget, 1985), which I 
will call empirical experiments and thought experiments, 
respectively. During an empirical experiment an exciting novel 
conceptual interpretation is discovered (a conjecture), that 
guides a perceptual search for different phenomenal experi-
ences that can confirm it. In this process phenomenal experi-
ences become assimilated to the conjecture (analogous to when 
a child identifies large four-legged mammals as examples of 
“horses”). During a thought experiment a troubling phenomenal 
experience is discovered (an anomaly), that guides a memory 
search for different conceptual interpretations that can account 
for it. In this process conceptual interpretations become accom-
modated to the anomaly (analogous to when a child discovers a 
camel and interprets it as a “strange lumpy horse”). The critical 
assumption of the present proposal is that empirical and thought 

experimentation are accompanied and sustained by emotional 
processes that have a positive or negative affective valence.

Empirical Experiments and Thought 
Experiments

How does this work? During an empirical experiment a scientist 
engages in a perceptual search for phenomenal experiences. 
This search may be triggered by focusing attention on a conjec-
ture: an interpretation not yet supported by an experience. A 
conjecture guides the perceptual search process by acting as a 
task set (see Wolfe, 2012). When a search attempt succeeds at 
finding a matching phenomenal experience, this is called a con-
firmation event. A confirmation event elicits a transient positive 
emotional response. If a conjecture is consistent with many phe-
nomenal experiences and therefore has the capacity to elicit 
multiple confirmation events, positive responses may build up 
and induce a positive emotional mood. An overall positive 
mood, in turn, will increase the attentional salience of confirma-
tion events due to their mood-congruent affective valence. In 
this way, a positive mood will act as a confirmation heuristic, 
which sustains the activity of empirical experimentation by 
focusing attention on the episodic instances that involve the 
conjecture. This will increase the probability of following up a 
series of successful search attempts with more search attempts. 
As the initially observable experiences are verified, the empiri-
cal experiment starts to generate fewer confirmations over time, 
and the decreasing number of positive responses cannot sustain 
the global positive mood. The positive mood will eventually 
become more negative and attention may gradually shift from 
the conjecture to newly discovered experiences that were not 
associated with positive responses. In other words, attention 
shifts to those experiences that were not consistent with the con-
jecture. This attentional shift may trigger a new phase of activity 
called a thought experiment.

During a thought experiment a scientist engages in a memory 
search for conceptual interpretations. This search may be trig-
gered by focusing attention on an anomaly: an experience not 
yet accounted for by an interpretation. An anomaly initiates the 
memory search process by acting as a retrieval cue (see Davelaar 
& Raaijmakers, 2012). When a search attempt fails to retrieve a 
matching conceptual interpretation, this is called a falsification 
event. A falsification event elicits a transient negative emotional 
response. If an anomaly is inconsistent with many conceptual 
interpretations and therefore has the capacity to elicit multiple 
falsification events, negative responses may build up and induce 
a negative emotional mood. An overall negative mood, in turn, 
will increase the attentional salience of falsification events due 
to their mood-congruent affective valence. In this way, a nega-
tive mood will act as a falsification heuristic, which sustains the 
activity of thought experimentation by focusing attention on the 
episodic instances that involve the anomaly. This will increase 
the probability of following up a series of failed search attempts 
with more search attempts. As the initially conceivable interpre-
tations become rejected, the thought experiment starts to gener-
ate fewer falsifications over time, and the decreasing number of 
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negative responses cannot sustain the global negative mood. 
The negative mood will eventually become more positive and 
attention may gradually shift from the anomaly to newly gener-
ated interpretations that were not associated with negative 
responses. In other words, attention shifts to those interpreta-
tions that were not inconsistent with the anomaly. This atten-
tional shift may then trigger a new empirical experiment and the 
cycle may repeat.

Although the bipolar model characterizes scientific discov-
ery as domain-independent searches within a space of theoreti-
cal hypotheses and a space of empirical instances (see Klahr & 
Dunbar, 1988; Kulkarni & Simon, 1988), it is important to note 
that scientists make extensive use of domain-specific back-
ground knowledge and skills when they formulate theoretical 
conjectures and collect empirical data. For example, scientists 
often use experimental manipulations and mathematical struc-
tures that have proven useful in the past, they extend method-
ologies and adjust models based on common practice, they 
employ known “rules-of-thumb,” they classify data based on 
provisional schemes, etcetera (see Kulkarni & Simon, 1988). 
Although these processes fall outside the scope of the model, 
any specific case of scientific discovery will be guided by 
domain-specific heuristics that are associated with background 
knowledge.

Coupled Feedback Mechanisms

Within the model reciprocal interactions between emotional and 
cognitive processes are implemented across local and global 
levels of processing. On a local level, confirmation and falsifi-
cation events cause transient positive and negative emotional 
responses. On a global level, positive and negative emotional 
moods cause sustained confirmation and falsification heuristics 
(see Figure 1). The action across local and global levels drives 
two feedback cycles, a thought experiment cycle and an empiri-
cal experiment cycle. During a thought experiment cycle a neg-
ative mood promotes falsification events by focusing attention 
on anomalies, and falsification events sustain a negative mood 
by eliciting negative emotional responses. During an empirical 
experiment cycle a positive mood promotes confirmation events 
by focusing attention on conjectures, and confirmation events 
sustain a positive mood by eliciting positive emotional 
responses. The action of one cycle will have an inhibitory effect 
of the action of the other cycle: A negative mood will tend to 
impede empirical experimentation and focus attention on anom-
alies, whereas a positive mood will tend to impede thought 
experimentation and focus attention on conjectures.

The bipolar model describes the overall configuration of 
emotional and cognitive processes in the form of feedback 
mechanisms, which result in sustained phases of thought and 
empirical experimentation as well as bistable oscillations 
between these two phases of activity. Sustained phases are made 
possible by facilitatory feedback between an emotional mood 
and responses of the same valence: (a) a positive mood facili-
tates the generation of positive responses, and the build-up of 
positive responses increases mood positivity, and (b) a negative 

mood facilitates the generation of negative responses, and the 
build-up of negative responses increases mood negativity. 
Bistable oscillations are made possible by double inhibitory 
feedback between emotional moods and responses of the oppo-
site valence: (a) a positive mood inhibits the generation of nega-
tive responses, and the build-up of negative responses decreases 
mood positivity, and (b) a negative mood inhibits the generation 
of positive responses, and the build-up of positive responses 
decreases mood negativity.

In order to produce self-sustaining oscillatory patterns of 
activity, a system must possess some type of nonlinear feedback 
between components and their upstream regulators (Ferrell, 
2002). The bipolar model contains a coupling of facilitatory and 
inhibitory feedback that works as a control mechanism in order 
to enable sustained oscillatory behavior (Bechtel, 2011). For 
example, in many biological systems coupled mechanisms can 
be observed where two gene products (say, A and B) each inhibit 
the other’s transcription. Depending on the environmental cir-
cumstances the system can progress into a sustained state where 
A is on and B is off, or an alternative stable state where A is off 
and B is on. Once either state has been established, facilitatory 
feedback can allow a state to persist for a while, until external 
influences on the system cause it to drift towards equilibrium 
and inhibitory feedback can eventually allow it to accelerate 
into the opposite state (Ferrell, 2002).

Feedback loops therefore sustain emotional episodes when 
there is sufficient input to the system (new experiences are 
being accumulated through perceptual search or new interpreta-
tions being generated through memory search). However, when 
neutral equilibrium is reached due to sporadic input, the recipro-
cally inhibitory effect between mood and responses of the oppo-
site valence will have a tendency to move the system away from 
equilibrium and trigger episodic switches. Thus, the coupling of 
feedback within the system prevent it from getting trapped into 
perpetual steady states at the two poles, while at the same time 
preventing it from settling down indefinitely at neutral equilib-
rium (see Ferrell, Tsai, & Yang, 2011). Given that coupled 

Figure 1. A schematic illustration of the bipolar model.
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feedback mechanisms exhibit nonlinear phase transitions of the 
kind that can be identified through catastrophe flags (Gilmore, 
1981), these could in theory be applied to detect transitions 
between empirical and thought experimentation (as, for exam-
ple, the hysteresis flag has been applied to biological systems; 
see Ferrell, 2002).

Local-to-Global and Global-to-Local Effects

What empirical evidence is there to support the type of local- 
to-global and global-to-local effects postulated by the model? The 
model assumes a mood-induction effect whereby emotionally 
valenced thoughts enhance moods that have a congruent valence 
and suppress moods that have an incongruent valence. Also, it 
assumes a mood-congruence effect whereby emotional moods 
facilitate the processing of emotionally congruent thoughts and 
inhibit the processing of emotionally incongruent thoughts.

Consistent with this, there is considerable evidence sug-
gesting that a person’s mood biases which aspects of the envi-
ronment are perceived as salient and what is remembered 
about past events (P. A. Lewis & Critchley, 2003), and that 
perceiving events as well as episodic retrieval of past events 
have a strong influence on overall mood (Martin, 1990). It has 
been shown that the attentional availability of an individual’s 
thoughts depends on whether they match or mismatch the 
valence of mood (see Mayer, Gaschke, Braverman, & Evans, 
1992), and that attending to thoughts with emotional connota-
tions can influence overall mood depending on whether these 
thoughts match or mismatch its affective valence (see 
Westermann, Spies, Stahl, & Hesse, 1996). Importantly, these 
mood-congruence and mood-induction effects generalize to 
many different tasks and appear to depend on a general affec-
tive dimension of positive versus negative valence (Mayer 
et al., 1992; Westermann et al., 1996).

Mood-congruence effects have been directly linked to the 
induction of mood, and play a role in the development of mood 
states that persist over time (Blaney, 1986). Feedback mecha-
nisms have been used to explain mood perpetuation, a phenom-
enon where a person in a negative mood will tend to recall 
unpleasant events, and these negative memories feedback to 
intensify and prolong the negative mood in a vicious circle 
(Bower, 1981).

Depressive individuals tend to focus attention on and show a 
preference for feedback that signals performance failures 
(Giesler, Josephs, & Swann, 1996). This bias may be useful for 
identifying the ways in which a current interpretation is faulty, 
and may help to generate reinterpretations of the problem. 
Andrews and Thomson (2009) have proposed that negative 
mood has the adaptive function to sustain prolonged periods of 
analytic problem solving. In this view, negative affect ensures 
that cognitive resources stay focused on solving a complex 
problem. Consistent with the model’s assumptions, it appears 
that individuals try to undo the impact of negative emotional 
events by engaging in analytic and causal reasoning (Taylor, 
1991), which is an interesting asymmetry in the impact of nega-
tive emotion not observed for positive emotion.

In a study described by Bower (1992), subjects were given 
either positive or negative performance feedback on a series of 
tasks, and were subsequently given a free recall task. Whereas 
positive-mood subjects recalled more successes than failures, 
negative-mood subjects showed the opposite pattern of results. 
It has been suggested that recall of successes and failures in 
performance exhibit this selectivity because of the way they 
give rise to strong emotional responses (Kavanagh & Bower, 
1985). Importantly, these effects have also been observed as 
moods fluctuate over time: Bipolar patients in manic phase 
show positive mood-congruent attentional biases, whereas 
those in depressive phase show negative mood-congruent atten-
tional biases in verbal tasks (Murphy et al., 1999). Also, event 
generation and recall in autobiographical memory shows mood-
congruent biases in both manic and depressed states (Eich, 
Macaulay, & Lam, 1997). In the context of naturally varying 
moods in nonclinical populations, the retrieval of past successes 
is more likely to occur during a positive than a negative mood, 
whereas the retrieval of past failures is more likely to occur dur-
ing a negative than a positive mood (Mayer, McCormick, & 
Strong, 1995). Interestingly, the extent of differences in acces-
sibility between mood conditions appears to be correlated with 
the extent to which mood differs between conditions (Teasdale 
& Taylor, 1981).

What do the global-to-local and local-to-global effects mean 
in terms of the epistemic activities of the individual scientist? 
The local-to-global effect is straightforward to understand: fal-
sification events elicit negative responses which, if they accu-
mulate, can induce a global negative mood. Similarly, 
confirmation events elicit positive responses which can induce 
a positive mood. However, the global-to-local effect may be less 
intuitive. In order to explain, let’s imagine a top-down interpre-
tation as “posing a question,” and a bottom-up experience as 
“giving an answer.” If a scientist gets an answer that doesn’t fit 
the questions she is asking this will trigger a negative response, 
which will be noticed if she’s in a bad mood but go unnoticed in 
a good mood. If she gets an answer that does fit the questions 
she is asking this will trigger a positive response, which will be 
noticed if she’s in a good mood but go unnoticed in a bad mood. 
In this manner, the global-to-local influence will have two 
effects. If the scientist has not been overall successful at answer-
ing her questions and therefore in a bad mood, the global-to-
local influence will prevent her from getting encouraged by the 
odd success, and she will try to search for other types of ques-
tions. However, if she has been overall successful at answering 
her questions and therefore in a good mood, the global-to-local 
influence will prevent her from getting discouraged by the odd 
failure, and she will stick to those types of questions.

Phenomenal Exploration and Conceptual 
Rumination

A positive mood not only prevents anomalies from pointing to 
alternative interpretations, it also makes one feel optimistic 
about the current empirical endeavor. It acts as a drive for phe-
nomenal exploration. As a scientist, this is the feeling you get 
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when you can’t wait to try out a new idea to see whether it 
works. The increased salience of promising interpretations also 
increases the “trust” in the current conceptual framework. 
Similarly, a negative mood not only prevents conjectures from 
pointing to avenues for empirical exploration, it also makes one 
feel pessimistic about the current theoretical endeavor. It acts 
as a drive for conceptual rumination. As a scientist, this is the 
feeling you get when you can’t quit until you finally make 
sense of a discrepancy. The increased salience of troubling 
experiences also increases the “distrust” in the current concep-
tual framework.

The bipolar model claims that it is our motivation to undo 
negative emotion that drives us to search for alternative expla-
nations, and our motivation to achieve positive emotion that 
drives us to search for consistent examples. Kuhn argued that a 
state of crisis is a prerequisite for fundamental theoretical 
inventions (Kuhn, 1977). He said he knew of no fundamental 
innovation in science that wasn’t preceded by the recognition 
that something is wrong with the current interpretative frame-
work. This is consistent with the present claim that a negative 
mood mobilizes and sustains the search for conceptual innova-
tions. In addition, the present claim is that a positive mood ena-
bles the continued and uninterrupted exploration of new 
empirical territories.

How does scientific exploration during a negative mood dif-
fer from exploration during a positive mood? The best way to 
distinguish between these two situations is in terms of (a) the 
probability that a surprisingly conflicting example will trigger a 
search for a new interpretation that can account for it, and (b) 
the probability that a surprisingly fitting conceptual interpreta-
tion will trigger a search for a new example in order to confirm 
it. Conflicting examples or fitting interpretations are likely to be 
encountered during both a positive and a negative mood. 
However, the difference lies in the way that the global mood 
biases the probability that these events will trigger a subsequent 
perceptual or memory search attempt. For example, when in a 
positive mood, a scientist is less likely to notice alternative phe-
nomenal attributes in the objects of study that are in conflict 
with the current interpretation she is working with (see Barrett 
& Bar, 2009). This will make it relatively less likely a scientist 
will search for any new interpretations that are suggested by 
these attributes (i.e., less thought experimentation). However, 
when in a negative mood, a scientist is less likely to notice alter-
native conceptual viewpoints that are consistent the phenome-
nal examples she is currently working on (see Andrews & 
Thomson, 2009). This will make it relatively less likely a scien-
tist will search for new phenomenal examples based on these 
viewpoints (i.e., less empirical experimentation).

The Accidental Nature of Empirical and 
Theoretical Progress

Kuhn has argued that a paradigm has the capacity to focus a 
scientist’s attention to only those features of the world that mat-
ter, and to disregard all the other information (Kuhn, 1962, 
1977). This is what happens during a phase of empirical experi-

mentation. When a scientist starts pursuing an exciting conjec-
ture this generates a positive mood which directs attention to all 
the positive instances where empirical progress is being made. 
Without this mood-induced focus the empirical search for con-
firming instances would not be coordinated enough to consoli-
date a new conceptual framework. Also, the same is the case for 
a phase of thought experimentation. When a scientist starts tack-
ling a troubling anomaly this generates a negative mood which 
directs attention to all the negative instances where theoretical 
degeneration has started. Without this mood-induced focus the 
theoretical search for alternatives would not be extensive 
enough to deconstruct the old conceptual framework.

Why are empirical experiments effective at producing anom-
alous phenomena? And why are thought experiments effective 
at producing innovative conjectures? Kuhn has argued that the-
ory-guided empirical exploration is well suited to isolate the 
loci where fundamental theoretical advances are yet to be made 
(Kuhn, 1977). Although empirical experimentation is likely to 
lead to successes, it also guarantees the failures (i.e., anomalies) 
that are necessary for future theoretical advances. The inability 
of a current framework to account for anomalies paves the way 
for the creation of a new framework in the future. Consistent 
with this, Kuhn has pointed out that theoretical discoveries 
often result as a by-product of sustained efforts to solve other 
problems (Kuhn, 1977). Once a new discovery is made, the old 
problem is promptly forgotten and all attention is then redi-
rected towards the new discovery. In a similar way, the bipolar 
model assumes that scientists don’t first reject a conceptual 
interpretation and only then invent an alternative. Rather, they 
think up conceptual variations in order to try to explain anoma-
lous observations. Only later do some of these innovations 
prove to be useful in establishing a new conceptual framework. 
The falsification of a conceptual framework is therefore not 
complete with the clear emergence of anomalies. Instead, a sub-
sequent confirmatory stage is needed where a new framework is 
empirically consolidated.

Each phase of empirical experimentation will incrementally 
search more distant locations in the space of observable phe-
nomena and each phase of thought experimentation will incre-
mentally search more distant locations in the space of 
conceivable interpretations. In this manner, the sequential alter-
nation of phases is what allows scientists to incrementally dis-
cover and understand their environment. However, why are 
thought experiments useful in the first place? Unlike empirical 
experiments, thought experiments do not uncover new informa-
tion about how the world actually is. Rather, they supply more 
information about how the world could possibly be. In order to 
make a theoretical discovery, a scientist has to generate a new 
interpretation through conceptual recombination that allows the 
range of conceivable empirical possibilities to be expanded.

The bipolar model emphasizes the accidental nature of 
empirical and theoretical progress. Although the scientist may 
be unaware of it, empirical experiments depend on innovative 
conjectures that have been generated during a previous phase of 
thought experimentation which itself was not directly aimed at 
innovation. It is only through the later build-up of a positive 
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mood that these conjectures become apparent. Similarly, 
thought experiments depend on unexpected anomalies that have 
been uncovered during a previous phase of empirical experi-
mentation which itself was not directly aimed at discovering 
anomalies. Only through the later build-up of a negative mood 
are these anomalies brought to the forefront of attention. This 
suggests that the immediate motivations driving empirical and 
thought experiments are not the same as the overall epistemic 
purposes of empirical and thought experiments.

In this sense, our long-term empirical progress is a by-product 
of our short-term theoretical activities, and our long term-term 
theoretical progress is a by-product of our short-term empirical 
activities. This may explain why it may be useful to have sus-
tained periods of empirical and thought experimentation. The 
empirical limits of one’s current framework can only become 
clear once many of its predictions have been explored. Only 
through sustained empirical experimentation can anomalies be 
clearly “excavated.” Similarly, one can only hope to discover a 
new conceptual framework that will overcome a period of 
empirical stagnation if one has ruminated on many possible 
interpretations of the anomalies left over from a previous 
framework.

Other Related Approaches
M. D. Lewis (1995) has proposed a general framework within a 
dynamical systems perspective explaining how cognition–emotion 
interactions cause both stability and change in psychological 
development. He suggests that positive feedback between emo-
tion and cognition generates, maintains, and reconfigures self-
organizing interpretations of emotion-eliciting events. The idea 
of a circular causal process that may be implemented through 
interactions between a global, higher order state to lower order 
constituents was first introduced by M. D. Lewis (1995, 2000). 
Higher order states maximize attention to features of the situa-
tion which are consistent with specific emotions, such as anger, 
shame, fear, or suspicion. A critical difference between our 
approaches is that the bipolar model focusses on the cognitive 
processes underlying scientific exploration and reasoning using 
only the coarsely graded distinction between positive and nega-
tive affect, whereas Lewis’s framework deals with the self-
organization of psychological processes relating to the 
development of personality and social behavior throughout an 
individual’s lifetime that applies to a variety of domains and 
encompasses many different types of emotions.

Like other accounts, the bipolar model claims that emotion 
has the function to provide assurance when we manage to 
understand something so as to encourage us to pursue an idea, 
and cause distrust when we fail to understand so as to encourage 
us to try something else. For example, Duncan and Barrett 
(2007) have argued that the affective distinction between posi-
tivity and negativity is what gives force to our conceptual inter-
pretations and gives us a sense that we are “on the right track” 
concerning the ideas we are pursuing. Without these signals we 
would have no way of knowing that we hit upon a discrepancy 
between experience and interpretation (see also Jackendoff, 

2007, Chapter 3). Also, Hurley, Dennett, and Adams (2011) 
have proposed the fundamental idea that negative emotions 
punish us for inconsistency and encourage us to resolve contra-
dictions, whereas positive emotions reward us for insight when 
we resolve a discrepancy. In their theory of humor they show 
how emotions have a fundamental epistemic function in the way 
they ensure data integrity of our knowledge representations 
(Hurley et al., 2011). Although the bipolar model posits a simi-
lar (though less worked out) role for transient positive and nega-
tive emotional responses, its main emphasis is on the role played 
by emotional moods in the dynamics and temporal dependen-
cies between different epistemic activities.

Oatley and Johnson-Laird (2002) have argued that emotions 
enable us to perform abduction, the intractable inference that 
goes from an observation to a hypothesis that accounts for the 
observation. This approach incorporates emotions as affective 
heuristics within the theory of mental models (see Johnson-
Laird, 2006), in order to allow humans to deal with inconsisten-
cies among a set of beliefs in a tractable way. Emotions signal 
inconsistencies between what we know about the current state 
of the world and our beliefs, and help to constrain the number of 
alternative explanations to consider when reasoning to consist-
ency. In the bipolar model this abductive process is implemented 
in two phases. First, a troubling discrepancy is discovered 
between the state of the world and our beliefs (an anomaly), and 
an explanation is generated. If this and subsequent explanation 
attempts fail, a negative mood is induced which sustains the 
process of generating even more explanations. A second phase 
is initiated when a promising conjecture is generated that man-
ages in some way to reconcile our beliefs with the current state 
of the world (a conjecture). If this explanation then succeeds in 
accounting for many aspects of the perceived situation, a posi-
tive mood is induced and the conjectured explanation is finally 
selected. This account of the effect of global positive and nega-
tive mood states contrasts with Oatley and Johnson-Laird’s 
theory where specific emotions (e.g., happiness, sadness, anger, 
and fear) each have unique heuristic functions in order to 
increase the consistency among goals and knowledge. In this 
sense, their approach is more generally applicable to real-life 
goals, motivations, and social situations, whereas the present 
approach is specifically aimed at explaining the generation and 
selection of explanations pertaining to epistemic activities.

Within the domain of cognitive development, Gopnik (1998) 
has pioneered the idea that children have an inherent drive 
towards explaining things (a “theory drive”), and that they are 
satisfied when they manage to do so. The successful accom-
plishment of finding an explanation is accompanied by a posi-
tive affective response—the sensation of “Aha!,” which 
motivates us to build theories of the world. Consistent with the 
bipolar model, Gopnik has also noted that children who are in 
the midst of theory formation often display signs of great dis-
tress, such as furrowed eyebrows and pursed mouths (Gopnik, 
1998). Gopnik’s theory formation system tries to find a coherent 
causal representation of the given perceptual input and is con-
tinually revising its assumptions on the basis of the counterevi-
dence it is faced with. A critical difference between the present 
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account and Gopnik’s account is that the gathering of phenom-
enal experiences and the restructuring of conceptual interpreta-
tions are governed by two distinct phases that alternate over 
time (see Piaget, 1985).

In the domain of social cognition, Forgas (2008) has made a 
convincing case for the idea that the social-cognitive conse-
quences of positive and negative affective states can best be 
understood in terms of assimilative and accommodative pro-
cessing strategies, respectively (see Piaget, 1985). This coin-
cides very neatly with the present claim that positive and 
negative emotional moods induce confirmation and falsification 
heuristics, respectively. A confirmation heuristic will promote 
an inductive style of processing where new experiences are 
assimilated into existent schemas, whereas a falsification heu-
ristic will promote a deductive style of processing where exist-
ing schemas are accommodated in order to deal with anomalous 
experiences. The present proposal’s emphasis on the general 
biasing effect of mood on ongoing information processing is 
also consistent with models positing that people selectively 
attend to mood-congruent information and retrieve mood-con-
gruent information from memory despite being unrelated to 
their immediate task (Lerner & Keltner, 2000). It concurs with 
research findings suggesting that a positive mood increases the 
breadth of attentional selection (Rowe, Hirsh, & Anderson, 
2007) and induces broad, inclusive categorization strategies 
(Isen & Daubman, 1984), whereas a negative mood is associ-
ated with more detailed attentional selection (Gasper & Clore, 
2002) and induces detailed, diagnostic discrimination strategies 
(Hildebrand-Saints & Weary, 1989). However, whereas the pre-
viously mentioned accounts tend to focus on the characteristics 
and consequences of mood-congruence effects (in my terminol-
ogy: global-to-local effects), the present approach tries to pro-
vide an integrated description of the coupled feedback 
mechanisms that underlie both (global-to-local) mood-congru-
ence effects and (local-to-global) mood-induction effects.

Minsky has convincingly argued that intelligence is due to 
the cognitive system’s capacity to successfully search for appro-
priate interpretive frames, and to exploit unsuccessful search 
attempts in order to generate new frames (Minsky, 1974). This 
idea is consistent with the present assumption that memory 
search attempts during thought experiments are what enable an 
individual to come up with new interpretations. However, the 
bipolar model additionally posits a fundamental distinction and 
temporal codependence between empirical and thought experi-
mentation, where the ingredients that are necessary to engage in 
the one activity are generated by the other, and vice versa: 
Empirical experimentation is guided by conjectures produced 
during a previous episode of thought experimentation, and 
thought experimentation is triggered by anomalies left over 
from a previous episode of empirical experimentation.

The bipolar model claims a fundamental codependence 
between phenomenal exploration during a positive mood and 
conceptual rumination during a negative mood. This claim pre-
dicts that individuals with a natural predisposition towards 
affective fluctuations may perhaps benefit in their ability to suc-
cessfully generate concepts about the world, and successfully 

apply concepts to the world (for similar claims in creativity 
research see: Jamison, 1995; Richards & Kinney, 1990). 
Interestingly, a recent study investigating the total Swedish pop-
ulation of bipolar disorder patients has shown that their first-
degree relatives were significantly overrepresented in scientific 
occupations (Kyaga et al., 2011). Importantly, this overrepre-
sentation was not observed for the bipolar patients themselves, 
nor for first-degree relatives of patients with unipolar depres-
sion. Also, this overrepresentation could not be explained by 
differences in IQ and was not observed for other university-
level occupations that do not involve the same type of empirical 
and theoretical epistemic activities (e.g., accountants and audi-
tors; see Kyaga et al., 2011). It therefore appears that a specific 
predisposition for affective bipolarity—if manifested at sub-
clinical levels—may be adaptive for scientific professions in 
particular.

Conclusion
No other species has the incessant desire to explore phenomena 
that lie beyond the immediate environment with which it inter-
acts. Nor does any other species have the productive capacity to 
create conceptual interpretations that have predictive power 
over these phenomena. The bipolar model claims that these 
motivational and cognitive aspects of scientific discovery are 
intimately linked: The reciprocal interface between emotion and 
cognition is the core “engine” driving our desire and our capac-
ity to explore and understand our environment.

The bipolar model proposes that during negative moods we 
ruminate over troubling anomalies in order to invent the theo-
retical ingredients necessary for constructing new conjectures, 
and during positive moods we explore exciting conjectures in 
order to cover the empirical ground necessary to discover new 
anomalies. Critically, these two phases of activity elicit and sus-
tain each other over time. Also, the model suggests that the 
immediate motivation driving empirical and thought experi-
ments is not the same as their overall epistemic purpose. The 
main virtue of the model is its specification of a coupled feed-
back mechanism that explains the dynamics and the temporal 
dependencies between empirical and theoretical activities in 
scientific discovery.

An important limitation of the model is that it does not 
specify how the perceptual search process and the memory 
search process work, nor does it specify how the local-to-
global and global-to-local influences are implemented. 
Instead, the proposal is a higher level account of the feedback 
mechanisms that emerge from emotion–cognition interac-
tions. Although specifying the overall configuration of this 
mechanism is a promising start, specifying how these subproc-
esses are implemented will be indispensable in order to explore 
this conjecture in the future.
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