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Bodocó/ A malota era um saco e o cadeado era um 

nó/ Só trazia a coragem e a cara, viajando num pau-

de-arara/ Eu penei, mas aqui cheguei!” (“Pau-de-

arara”, Luiz Gonzaga) 

 

 

 

 

"Rien ne se perd, rien ne se crée, tout se transforme". 

Antoine-Laurent de Lavoisier, Traité élémentaire de chimie, 1789.
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RESUMO 

Conceição, L. H. S. (2021). Insight and Acquired Stimulus Equivalence. Tese de 

Doutorado não publicada. Programa de Pós-Graduação em Psicologia Experimental, 

Instituto de Psicologia, Universidade de São Paulo, São Paulo. 

 

A aprendizagem é um fenômeno predito pelos princípios associativos pavlovianos. A 

resolução de problemas é produto desta aprendizagem tanto pelos processos de tentativa 

e erro, quanto de aprendizagem súbita e/ou emergente. Contudo, ainda há indefinição e 

falta de clareza nas bases associativas da resolução súbita (insight).  Nesta tese, 

descrevemos uma tese previamente vista de soslaio pela literatura especializada a respeito 

do papel do processo de generalização mediada como mediador da emergência do 

fenômeno de insight em um modelo animal com roedores. Para tal, além da descrição 

teórica, foram realizados três experimentos que visaram testar propriedades distintivas do 

insight e posteriores a resolução de problemas em si (experimento 01), bem como as 

condições contextuais moduladoras da emergência do insight (experimentos 02 e 03). Os 

resultados demonstraram que o controle de estímulos previsto pela hipótese não foi 

totalmente contemplado no teste empírico. Ainda assim, sugere-se continuidade desta 

pesquisa na forma de um programa de testes das relações de controle de estímulos que 

são consequência da formulação aqui sustentada. 

Palavras-Chave: insight, generalização mediada, equivalência de estímulos, resolução 

de problemas, criatividade. 

 



10 
 

ABSTRACT 

Conceição, L. H. S. (2021). Insight and Acquired Stimulus Equivalence. Doctoral Thesis. 

Graduate Program in Experimental Psychology, Institute of Psychology, University of 

São Paulo, São Paulo. 

 

Learning is a phenomenon predicted by Pavlovian associative principles. Problem solving 

is a product of this learning process both through trial and error and sudden and/or 

emergent learning. However, there is still uncertainty and lack of clarity in the associative 

bases of sudden solution (insight). In this thesis, we describe a thesis previously seen from 

the sidelines in the specialized literature regarding the role of the mediated generalization 

process as a mediator of the emergence of the phenomenon of insight in an animal model 

with rodents. To this end, in addition to the theoretical description, three experiments 

were carried out that aimed to test distinctive properties of insight and subsequent 

problem solving itself (experiment 01), as well as the modulating contextual conditions 

of the emergence of insight (experiments 02 and 03). The results showed that the stimulus 

control predicted by the hypothesis did not fully withstand the empirical test. Even so, it 

is suggested to continue this research in the form of a program of direct tests of the 

stimulus control relationships that are a consequence of the formulation supported here. 

Keywords: insight, mediated generalization, stimulus equivalence, problem solving, 

creativity.
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CHAPTER 01 

Published as: Santana, L.H., Garcia-Mijares, M. Animal Creativity as a Function of 

Behavioral Innovation and Behavior Flexibility in Problem-solving Situations. Integr. 

psych. behav. (2021). https://doi.org/10.1007/s12124-020-09586-5 

Title: Animal Creativity as a Function of Behavioral Innovation and Behavior Flexibility 

in Problem-solving Situations. 

1. Introduction 

In certain ways, creativity, novelty and new behavior were topics discussed from 

the very beginning of Experimental Psychology. However, it was in the middle of 20th 

century that creativity became an object of scientific interest and were evaluated from an 

empirical standpoint by experimental psychologist (Byrne and Murray 2005; Dietrich 

2018; Gilhooly 2016; Guilford 1950; Maier 1940). In the last five decades the studies 

from Experimental Psychology demonstrated that creativity was constrained to the 

organism experience and environmental contingencies, contrary to the view that preached 

it as innate and a free feature of human spirit (Birch 1945; Kounios and Beeman 2009, 

2014; Vartanian 2009). 

Innovative performances and ideas were proved to be dependent of changes in 

perception, attention, and learning (Birch 1945; Kounios and Beeman 2009, 2014; 

Vartanian 2009). The perceptual and learning basis of creativity are circumscribed to 

some environmental circumstances and are not exclusive human (Birch 1945; Keane 

1989; Byrne and Murray 2005; Gilhooly 2016; Köhler 1917/1952; Kounios and Beeman 

2009; 2014; Vartanian 2009). However, the experimental and theoretical development of 

the field is not unified. One line of research had invested on innovation and behavioral 

flexibility as defining characteristics of novel behavior in animals. The other line of 

research has focused on how creative behaviors emerge from learning processes. 
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We will argue here that that a complete view of creativity can only be gained when 

both lines of research are joined. We will also argue that the insightful problem-solving 

paradigm provides a suitable methodological framework for achieving this goal. Finally, 

we defend that there is a crucial dimension of creative behavior that are dependent from 

innovation and behavior flexibility. And this dimension can be investigated by insightful 

problem-solving. 

 

2. New Behavior, Behavior Innovation and Behavioral Flexibility 

Creative processes in non-human animals has been investigated in many ways, 

but in behavioural ecology and ethology it is specially explored as two phenomena, 

Behavioral innovation (BI) and Behavioral flexibility (BF). The first one deals with 

innovation defined as the capacity to generate novel behavior under the control of specific 

environmental circumstances (Griffin 2016; Griffin and Guez 2014; Huebner and Fichtel 

2015; Kaufman and Kaufman 2015; Lefebvre 2013; Ramsey et al. 2007). Innovation itself 

is a phenomenon defined by the novelty of an action in a problem situation (Griffin 2016). 

For instance, if a rat in a conditioning box presses the lever that activate the mechanism 

of a water dipper for the first time – at random or as a result of the shaping procedure – 

this pressure is innovative because it is new and related to the contingencies inside the 

chamber (Griffin 2016; Griffin and Guez 2014; Huebner and Fichtel 2015; Kaufman and 

Kaufman, 2015; Lefebvre 2013; Ramsey et al. 2007). 

First, one must define what novelty or new behavior is. Behavior repertoire refers 

to what an animal does and what it can potentially do as small variations of known 

stimulus-stimulus or stimulus-response relations (Catania, Ono & Souza, 2000; Kubina, 

Morrison & Lee, 2006). For a behavior to be considered new it has to fulfill at least one 

of two requirements: (1) It has to be a consequence of the formation of a new S-S relation; 
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and/or (2) It must show a new S-R relation. For instance, when a rat freeze on the presence 

of a sound after this sound was paired with an electric shock, this novel reaction to the 

sound expresses a new S-S relation (i.e., the sound acquired its eliciting function from 

being paired with the electric shock). If a lever is put inside the conditioning chamber and 

lever pressing can stop further electric shocks, the rat starts to press the lever more and 

more often whenever the electric shock occurs (i.e., a new S-R relation is learned where 

the shock serves as cue for lever pressing). If the rat always pressed the lever with its 

pawns until some point, but then suddenly starts to press it with its snout, can one consider 

it new behavior? 

It is surely a new form (i.e., a new behavior topography of behavior) of a previous 

learned behavior. However, this new form is ultimately part of the same class of responses 

(i.e., lever press) under the discriminative control of the same stimulus (i.e., the lever). If 

the animal starts to jump upon an elevated platform to escape the electric shock instead 

of pressing the lever, not just the response is different – since it does not suppress the 

electric shock – but it also occurs under the presence of a new stimulus (i.e., the elevated 

platform). It is important to notice that this definition of novelty accounts for novelty 

within an individual lifetime. In this essay we focused on this individual instead of social 

processes to discuss the psychological basis of sudden novelty derived from individual 

development and learning. 

Behavior Innovation is not a universal category. Innovation is a broad term that 

can describe novel behavior among an individual lifetime, a group or species history. 

Behavior innovation can be defined from changes in foraging, nesting, mating, migrating 

behavior or problem solving. And due to that, it is a term that does not rely on a single 

behavioral process. In one way, cats escaping from a puzzle box (Thorndike 1898) or an 

ape fabricating a tool (Köhler 1952), one can state that both behaviors are innovative. 
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However, these behaviors can be explained by different behavioral processes, trial and 

error and insight for instance (Thorpe, 1956). 

Innovation is observed in several animal species, in captivity and in their natural 

environment, and it is influenced by ecological, developmental, idiosyncratic and social 

aspects of the animal’s life (Griffin 2016; Quinn et al. 2016; Ramsey et al. 2007; Reader, 

Morand-Ferron and Flynn, 2016). Researchers usually study innovation by It is frequently 

accessed by tasks whose solution can usually be obtained by trial and error, and the focus 

of the analysis is on who innovates, who does not innovate, and what external variables 

explain these performance differences (Brubaker et al. 2017; Quinn et al. 2016; Reader, 

Morand-Ferron, and Flynn, 2016; Zandberg et al. 2017). 

Trial-and-error solutions produce innovative responses in heuristic ways (i.e., 

based on their outcome) which can be explained by associative learning processes (Griffin 

et al. 2013; Griffin and Guez 2014; Huebner and Fichtel 2015; Lefebvre, Ducatez, & 

Audet, 2015; Ramsey et al. 2007). In other words, approaching animal cognition just from 

heuristic problem-solving narrows our understanding of the determinants of innovation 

by avoiding addressing the behavior processes that underlie problem-solving. For 

instance, the study of innovation could address the processes of variability that favors the 

occurrence of new behavior (Griffin 2016; Griffin and Guez 2014; Ramsey et al. 2007). 

Trial and Error procedures used with animals do not specify the task properties that 

facilitates the solution of a problem (Brady and Floresco, 2015; Lind et al., 2017). And 

both types of solutions still lack on explaining how the animal’s attention shifts 

throughout the solution and how the configuration and nature of the interfere on an animal 

perception and formulation of a solution (i.e., the behavioral processes underlying 

behavior variability and novelty) 
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Trial and error procedures used with animals do not specify the task properties 

that facilitates the solution of a problem (Brady and Floresco 2015; Lind et al. 2017). 

Insightful problem-solving does not focus on the emergent processes necessary to 

produce new behavior that fits the solution in problem situations (Lu et al. 2017; Öllinger 

and Müller 2017). And both types of solutions still lack on explaining how the animal 

attention shifts throughout the solution and how the mechanics of a problem interfere on 

an animal perception and formulation of a solution (i.e., the behavioral processes 

underlying behavior variability and novelty). 

On the other hand, the next phenomenon of BF, refers to an organism’s potential 

to vary its behavior and to adjust it to changes in its environment (Audet and Lefebvre 

2017; Barrett et al. 2018; Logan et al. 2014). BF studies usually invest in the observation 

of migratory species, whether by seasonal migration or migration resulting from the 

destruction of their habitats (Barrett et al. 2018; Felden et al. 2018; Rymer et al. 2013; 

Wong and Candolin 2015). Its measures frequently account flexibility differences in 

foraging habits; exploring new water sources; changing in mating or in offspring’s 

nurture; and in tool use (Lefebvre 2013; Quinn et al. 2016; Ramsey et al. 2007). 

Ecological studies on BF indicate that, at some extent, flexibility depends on 

processes of discrimination and generalization of stimuli as it depends on the capacity of 

the organism to react appropriately in the presence of a novel stimulus (Lu et al. 2017; 

Ruprecht et al. 2014). However, there are no consensus on which kind of relation between 

classes of stimuli are necessary and sufficient to define a pattern of behavior as flexible 

and/or innovative (Audet and Lefebvre 2017; Lea et al. 2020). From the presentation of 

problem-solving situations, researchers sought to observe whether the innovative 

performance of animals solving a problem could predict the animal’s BF and vice versa 

(Griffin et al. 2013; Logan 2016a; Wright et al. 2010). The results of these observations 
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revealed an apparent opposition between innovative performance and flexibility, that is, 

innovative animals were not very flexible, while those with greater BF were less 

innovative (Griffin et al. 2013; Logan 2016a; Wright et al. 2010). 

However, those studies used asymmetric measures to compare the emergence of 

new behavior. While innovation has been directly measured by performance in a 

behavioral task (i.e., a problem situation), flexibility is usually assessed as characteristic 

of the organism as a whole, an idiosyncratic property defined by adaptation to a new 

habitat and occupation of a new niche (Audet and Lefebvre 2017; Quinn et al. 2016; 

Wright et al. 2010). Thus, BF ceases to be a descriptive measure of performance to 

become a qualifying measure of an internal characteristic of an organism do in a certain 

task (Audet and Lefebvre 2017; Logan 2016a). 

In short, BF and Innovation are not correlated by definition, but there is no 

systematic evidence of their independence (Audet and Lefebvre 2017; Logan 2016a, b; 

Logan et al. 2014). It also does not explain the contextual and learning relations that 

modulates either the innovative or the flexible performances (e.g., interconnection, 

discrimination, generalization; see Griffin et al. 2013; Logan 2016a>; Lu et al. 2017; 

Ruprecht et al. 2014). In order to achieve this, it is necessary to define BF measures 

independently from those of innovation. The operational definition of these variables and 

their test would allow a functional and quantitative approach to animal creativity in terms 

of its behavioral characteristics and its determinants. However, for this it is necessary to 

define BF balancing its ecological validity and its operationalization (Audet and Lefebvre 

2017; Logan 2016a). 

An integrative approach should build an ecologically relevant and an operational 

measure of innovation and BF, as well as identify the stimulus control relations that take 

place in the production of both processes (Audet and Lefebvre 2017; Logan 2016a; 
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Neves-Filho et al. 2014). This type of measure cannot be constructed by the exclusive use 

of trial-and-error tasks, but significant elements of the innovation and flexibility studies 

can be improved if investigated from a Insightful problem-solving point of view. 

3. Creativity, Problem-Solving and Insight 

During its ontogeny, an organism acts on its physical and social environment 

developing its own history and idiosyncrasies (Bazer and Mizumori, 2017; Brady and 

Floresco 2015; Holekamp and Benson-Amram 2017; Sterelny 2016). Environmental 

conditions and adaptive processes shape the behavior to define patterns of action and 

habits. Habits are behaviors that are defined by their regularity, frequency, and 

predictability (Wood and Rünger 2016). However, these predictable behaviors begin with 

the occurrence of a novel and innovative response at some point. And it is the regularity 

and predictability of the circumstances that produce the innovation that may shed light on 

the behavioral basis of animal creativity. 

All behaviors are controlled by functional relationships that affect the frequency 

and the context in which specific behaviors occur (Lattal 1995; Timberlake 2003). 

Contingencies describe predictable relationships between events, whether between 

stimuli (S-S) or between stimuli and responses (S-R) (Lattal 1995; Skinner 1938). These 

contingencies can describe known and regular relationships that produce the reoccurrence 

and maintenance of responses for enough time and/or in specific contexts (Lattal 1995; 

Skinner 1938, 1969; Timberlake 2003). This recurrence happens in predictable ways 

called Reinforcement Schedules, whose frequency and temporal distribution are formally 

describable (Ferster and Skinner 1997; Morgan 2010). However, before becoming 

familiar, every contingency presents itself as a problem situation (Davidson and Sternberg 

2003; Newell and Simon, 1972), that is, a situation in which the behavior that gives access 

to a stimulus was never before performed by the organism (Skinner 1984). 
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In this way, we define problem or problem situation as a type of contingency that 

requires innovation to give access to stimulus or reinforcing situation (Skinner 1984; 

Boden 2004; Dostál 2015). Although the use of the term problem and problem situation 

is polysemic (Davidson and Sternberg 2003), its definition as a kind of behavioral 

contingency allows the identification of the functional relationships involved in any 

experimental task designed for the study of problem-solving and, by default, aids the 

investigation of the behavioral processes underlying creativity and emergence of novel 

behavior. 

The Gestalt Psychologist Wolfgang Köhler (Köhler 1925/1952) was one of the 

pioneers in relate animal creativity to problem solving tasks. He investigated a group of 

chimpanzees exposed to different experimental problems. In one situation, a bunch of 

bananas was hanged on the ceiling out of reach of the apes. One ape, called “Sultan”, 

stacked a set of boxes and thus managed to get the bananas by climbing these boxes. 

Köhler (1925/1952) called this kind of performance “einsicht”, that was later translated 

as “insight” in the English edition of Köhler’s book (Köhler 1925/1952). 

To Köhler (1925/1952) insight was a kind of intelligent behavior that happens 

when a perceptual reorganization of the environment led to the solution of a problem, 

without new learning. Under this framework, the solution of the problem was considered 

a new behavior that emerges from the understanding of the relation between environment 

and objects properties (Fleck 2008; Keane 1989; Köhler 1925/1952). After Köhler 

(1925/1952) the term insight has been used to label different psychological processes 

Birch 1945; Köhler 1959; Shettleworth 2012; Tolman and Honzik, 1930) and its scope 

and conceptual importance varied over time. 

Further in 20th century, Birch (1945) and later in the 1980s, Epstein and 

colleagues (Epstein et al. 1984) tested whether insight was dependent from previous 
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learning. Epstein and colleagues tested whether four pigeons would solve the problem of 

box displacement after been trained in two different operant tasks (Epstein et al. 1984). 

One task was to push a box toward a green cardboard located in different positions in a 

chamber wall. The other was to climb the same box attached in the floor and peck a 

banana-toy hanging from the ceiling (analogous to Köhler’s original bunch of bananas). 

Both behaviors were reinforced with grains delivered by an automatic dispenser. After 

those trainings, the pigeons were confronted to a new problem or test: the box was far 

away from the banana-toy and the green cardboard was not present. All pigeons solved 

the test by pushing the box toward the banana-toy, jumped on the box, pecked the banana-

toy, and activated the grain dispenser (Epstein et al. 1984). 

Epstein et al. (1984) also conducted variations of the trainings using different 

pigeons. Two pigeons learned to push the box to the green cardboard but not to climb and 

peck, two others learned to climb and peck but not to push towards the green cardboard, 

and two more pigeons learned to climb and peck and push directionless. None of these 

pigeons solve the problem when tested (i.e. pushed the box toward the banana-toy). In 

following publications, Epstein (1985; 1987; 1991; 2014; 2015) defined insight as the 

spontaneous and automatic interconnection or chaining of previously learned behavior. 

Epstein and colleagues (Epstein 1985, 1987; Epstein et al. 1984; Epstein and 

Medalie 1983) have highlighted two features of insightful problem-solving. The first was 

the requirement to train the instrumental prerequisites behaviors in order to produce the 

new behavior. And a second feature called a “confusion period” that anticipates the 

sudden and fluid nature of insight. This “intuition” property was not directly defined or 

measured in Epstein’s model. The latter feature is a topographic criterion pointed by 

Epstein to classify the solution as insight (Epstein et al. 1984; Epstein 1985, 1987). If a 

topographic criterion – such as the confusion period – is necessary in an insightful 
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solution, it would be generally observed among different experiments. However, they 

were not replicated in other experiments of insight using similar procedures with non-

human (Dicezare and Garcia-Mijares 2019; Neves-Filho et al. 2015, 2016; Neves-Filho 

2010; Santos 2017) or in humans (Fleck and Weisberg 2013). 

Another challenge to Epstein’s proposal deals with the measurement of insight. If 

one animal solves the problem shortly after being introduced into the chamber and a 

second animal solves the same problem hours later, can we say that the two animals 

solved the problem through an insight? (Lind et al. 2017; Sio and Ormerod 2009). Some 

may argue that if the animal does not solve the task quickly and smoothly, the solution 

could be explained through the variability generated by behavioral extinction, and 

therefore we must not treat the solution as insight (Dicezare and Garcia-Mijares 2019; 

Neves-Filho et al. 2015, 2016a, b; Santos 2017). Nevertheless, even if extinction affects 

the behavioral variability, the behavioral origin of insight lies on the learning history 

previous to insight (Dicezare and Garcia-Mijares 2019; Neves-Filho et al. 2015, 2016a, 

b). 

Ignoring the processes that took part in learning the prerequisite behaviors could 

lead to misinterpretation and incorrect analysis of insight. For example, Köhler’s 

chimpanzee (Köhler 1925/1952) and Epstein’s pigeons (Epstein et al. 1984) seem to 

behave similarly when faced with the same problem. If we just look at the test situation, 

we can describe the problem solving-behavior of the pigeons and the chimpanzee as an 

automatic chain of behavior composed by the following behavioral events: hanged 

bananas/toy (discriminative stimulus 1 –S1), boxes/box available in the environment 

(S2), stack/push the box (response 1 -R1), boxes/box under the banana (S3 or maybe 

S1S2), climb the boxes/box (R2) and pick banana /peck toy (R2). So, when one look into 

the problem situation solely, it could be mistakenly considered that Köhler (1925/1952) 
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and Epstein et al. (1984) results are equivalent. However, when training history is 

considered, it is not possible to know whether stimulus functions were equivalent between 

both experiments due to Köhler’s lack of report on the previous learning histories of his 

chimps. 

Adding training history to the analyses of Epstein et al. (1984) experiment give us 

a big picture of the contingencies operating during the problem-solving situation. The 

task “climb and peck the banana-toy” can be considered as an automatic chain of behavior 

that begins with the presence of the box (i.e. stimulus 01; S1) under the banana (S2). In 

the presence of both stimuli in this specific configuration climbing the box (i.e. response 

01; R1) is followed by the proximity of the banana-toy (S2); pecking S2 (R2) results in 

food (i.e. the reinforcer). On the other hand, pushing the box towards the green cardboard 

(R3) begins with the presence of the box (S1) located far away from the green cardboard 

(S3). Thus, this task involves moving one stimulus toward another stimulus. So far, the 

analysis of the behavioral training conducted by Epstein and colleagues (Epstein et al. 

1984) shows that: (a) the training of the two chains involves complex stimulus controls, 

since the responses are controlled by specific configurations of at least two stimuli of the 

environment; and (b) there are elements common to both tasks: S1 and the reinforcer. 

The test described by Epstein et al. (1984) put the pigeons in a new setting: stimuli 

S1 and S2 of the climb and peck task are presented, but in a spatial arrangement similar 

to S1 and S3 in the pushing task (i.e., one is far from the other). In this new arrangement, 

the solution to the problem is to reduce the distance between S1 and S2; so, the behavior 

of pushing S1 must be under control of the distance between S1 and S2. When this 

distance is shortened enough to produce the configuration "box under the banana"S1S2, 

the problem can be considered as "solved" (Skinner, 1969) when the sequence of 

behaviors that follows the "solution" were learned during training (i.e., climbing the box 
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and pecking the banana), according to Skinner’s definition (1969) of a problem situation. 

Thus, the problem-solving observe in Epstein et al. (1984) indicate that the relationship 

between S1 and S3, learned in the training phase, was transferred to S2 without specific 

training. In other words, the performance of the pigeons in the test showed the emergence 

of a new relationship between S1 and S2, different from what was learned during training, 

but due to the relationship learned between S1 and S3. This kind of analysis was not 

possible to do from Köhler (1925/1952) experiment data and, due to that, is possible to 

compare the performance of Sultan with Epstein’s pigeons, as Sultan’s learning history 

was unknown or uncontrolled. 

Epstein and colleagues (Epstein et al. 1984) experiment also showed that, even 

insight depends on operant conditioning. It is not a simple operant behavior though, as its 

occurrence could not be directly attributed to shaping or to stimulus generalization. Even 

so, it was demonstrated that insight can be induced by reinforcement learning (Kizilirmak 

et al. 2016), by the expectancy of a reward (Cristofori et al. 2018), by non-verbal cues 

(Neves-Filho et al. 2015; Santos 2017) and may even facilitate insight’s occurrence 

(Hattori, Sloman & Orita, 201819; Schunn and Dunbar 1996) in a way that one can 

conclude that learning facilitates insight processes of stimulus discrimination and 

generalization must be somewhat relevant to insightful solutions. 

At least in humans, insight is not considered a single cognitive process and it has 

been separated between the aha moment – an inner experience that were classically 

related to a breakthrough (Kounious and Beeman 2014) – and the sudden change in a 

behavioral performance (Sandkühler and Bhattacharya 2008). Since the former does not 

seem feasible for experimental measurement, the latter has been used for measure insight 

in animal research, where it is frequently defined as the sudden emergence of new 
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behavior and new relationships between what the organism does and its environment. 

(Thorpe, 1956; Shettleworth 2012). 

Finally, insightful problem-solving seems to be spread over a wide range of 

taxonomic classes and it has been observed in humans (Fleck and Weisberg 2013), 

pigeons (Cook & Fowler, 2014; Epstein et al. 1984; 1985), ravens (Heinrich 1995), crows 

(Taylor et al. 2010), parrots (Pepperberg 2015), elephants (Foerder et al. 2011), Grackles 

( Logan 2016a, b, c; Preiszner et al. 2016), capuchin monkeys (Delage 2011; Neves-Filho, 

Barros, Costa & Carvalho-Neto, 2016; Renner et al. 2017), mouses (Arnold & Newland, 

2018), and rats (Dicezare and Garcia-Mijares 2019; Neves-Filho et al. 2015, 2016a, b). 

Then, any definition of insight should account this convergence. 

So far, the empirical data on insight showed that it is a behavior that depends on 

learning, involve complex learning processes, that can be studied under experimental 

settings, and it is shown by a wide range of species. However, as pointed out by 

Shettleworth (2012), the experimental investigation of animal creativity is a scientific 

enterprise that depends on an operational definition that would be necessarily different 

from human investigations – at least at first – as it depends more on a behavioral measure 

and a focus on how contextual determinants would affect the occurrence of creativity and 

novel behavior. We think that research on innovation and behavior flexibility should be 

integrated to the insightful problem-solving paradigms in order to define and understand 

creativity performances in an ecological and evolutionary perspective. 

4. Animal Creativity as Derived from BI and BF 

Creativity is the cognitive function that allows an organism to adapt to new 

circumstances in appropriate and useful ways (Beghetto 2013; Beghetto & Kaufman, 

2014; Guilford 1950; 1967; Glăveanu 2013). Task-appropriateness and novelty are the 

two elements that have been accepted among different theories of human creativity, as 
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the Four-C’s (Helfand et al. 2017; Kaufman and Beghetto 2013), Four P’s (Rhodes, 1969) 

and Five A’s (Glăveanu 2013), and the Investment Model of Creativity (Sternberg & 

Lubart, 1996), and the Componential Model of Creativity (Amabile, 1996). Even when 

the tasks used to measure creativity are different for humans than for animals, and for 

individuals than for groups (Beghetto 2007a, b; Dietrich 2018; Glaveanu 2011; Guilford 

1950; Helfand et al. 2017). Problem-based models have been used as tools to measure 

task-appropriateness and novelty (Newell and Simon, 1972; Byrne and Murray 2005) and 

recent experiments in behavior innovation BI and BF had invested in such models to 

evaluate environmental determinants of new adaptative behavior (Quinn et al. 2016; 

Ruprecht et al. 2014; Sterelny 2016). Creativity can be observed in its novelty by two 

distinctive measures of BI behavior innovation and Bebehavior flexibility in its task-

appropriateness by a conjunction of both. 

BI occurs when an organism behaves, moves or acts in new ways to an 

environmental feature or in a specific scenario and this manner produce new effects, 

spatial configurations or any kind of real or virtual effects. As it depends on actions, BI 

shows that creativity is partially dependent from biological constrains, reinforcement 

history and attentional shifts (Audet and Lefebvre 2017; Barrett et al. 2018; Brubaker et 

al. 2017; Hattori et al. 2013; Lefebvre 2013). Therefore, in a specific organism, novelty 

is a function of its species phylogeny and its own individual ontogeny. 

In parallel, behavior flexibility is the capacity to behave in an efficient manner 

when presented to a new set of environmental contingencies somewhat related to previous 

and familiar ones. BF experiments have shown that, at some extent, new behaviors can 

emerge from entirely new circumstances, apparently without specific shaping procedures, 

i.e. in a sudden and goal-directed manner (Dicezare and Garcia-Mijares 2019; Santos 

2017). It means that flexibility is – at least partially – driven by contextual determinants 
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and then maintained by reinforcement contingencies (Birch 1945; Brady and Floresco 

2015; Strickland 1989). When analyzing both processes, Behavior Innovation explains 

how new responses emerge within a class of responses, while Behavior Flexibility 

explains how new stimuli can become part of a class of responses. Animal creativity can 

be defined as the behavior function that underlie novel behaviors within specific problem 

situations. 

In this manner, animal creativity would be defined as novel and task-appropriate 

behavior. Its task appropriateness is driven by reinforcement schedule, and its novelty 

depends on the emergency of at least one new stimulus-stimulus relation or a production 

of a new discriminative class of stimuli (Skinner 1969, 1984). Trial-and-error strategies 

are heuristics solutions (Danek, Fraps & Müller, 2013; Davidson and Sternberg 2003; 

Newell & Simon, 1972; Öllinger, Jones & Koblich, 2008). Therefore, novel behavior is 

here produced by heuristic explorations such as through operant conditioning (e.g., 

through differential reinforcement and shaping). 

The real challenge is about insightful problem-solving, as it depends on sudden 

and perceptual changes. Insight cannot be explained by shaping or other heuristic 

processes. Although it may be based on previous learning (Epstein et al. 1984; Neves-

Filho et al. 2015; Santos 2017) and contextual variables, insightful problem-solving 

depend on creative processes as it depends on sudden changes of response topography 

(Behavioral Innovation) and new features of stimulus control (Behavior Flexibility). 

Insight is not in the problem, it is in the solution instead (Webb, Little & Cropper, 2016). 

The properties of the solution can be defined as insightful or not. Therefore, insight is an 

operational way to measure emergent patterns of novel and task-appropriate behavior. 

On one hand, novel behavior in insight emerges directly from problem situations 

and cannot be explained through successive approximation of more and more specific 
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responses. On the other hand, this does not mean that insight cannot be explained through 

associative processes and contextual relations (Maier 1940; Mednick 1962). The 

emergence of insight depends on the contextual control derived from contingencies of 

reinforcement present during previous training (Delage 2010; Epstein, Kirshnit, Rubin & 

Lanza, 1984; Epstein 1991; Neves-Filho et al. 2015, 2016a, b). This mean that insight can 

be defined as a joint feature of innovation and behavior flexibility. 

In the Köhler’s and Epstein’s problem, described above (Köhler 1917/1952; 

Epstein, Kirshnit, Rubin and Lanza, 1984), the novel behavior is a behavioral chain of 

two responses where the first response of the chain depends on a novel discriminative 

stimulus, i.e. a new spatial distance between the displaceable box and a target. What 

defines insight in this scenario would be not just the occurrence of a BI, but also the 

flexible use of the displaceable box. 

A cumulative corpus of evidence demonstrated that eye fixation in relevant 

stimuli differ for different types of solutions (Ellis et al. 2011; Knoblich et al. 2001; 

Kounios and Beeman 2009, 2014; Vartanian 2009). While heuristic solvers tend to have 

and increasingly higher levels of eye fixation of long durations, insightful solvers have 

an early drop of eye fixation after a couple of trials and shows lower levels of long 

duration’s fixation and higher levels of short duration eye fixation (Ellis et al. 2011; 

Knoblich et al. 2001; Kounios and Beeman 2009, 2014; Vartanian 2009). These 

differences support the visual perception and attention peculiarities of insight and how 

differences in discriminative control may be enrolled in the genesis of insight, as formal 

properties of stimulus, transferences on stimuli function and the reinforcement value of a 

reward might affect the preferences or susceptibility for an organism to solve some 

problems in a creative way (Neves-Filho et al. 2015, 2016a, b). 
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There is data that support the role of developmental variables upon the occurrence 

of insight for individuals exposed to problem situations. However, a theoretical 

framework that may explain the behavioral role of these variables have to be built as many 

of them are only reported as correlations between the developmental variables and 

creative performance (Schooler et al. 1993; Zing et al., 2018). Still, there are studies 

showing that creativity is related to educational skills, engagement and motivation to 

solve a task (Kaufman and Beghetto 2009; Beghetto & Kaufman 2014; Canestrari et al. 

2018; Kaufman, Beghetto & Watson, 2015), to social and cultural aspects are partially 

involved in group situations (Glaevenu 2011; Lee et al. 2012; Leung and Chiu 2010; 

Leung et al. 2008), and biological development and mental health (Kozbelt & 

Burmysheva, 2007; Lassig 2013; Buitenweg et al. 2017). 

5. Final Thoughts 

Creativity is a phenomenon that is hardly exclusive of humans. Adaptation is a 

natural feature among virtually all animal kingdom, especially when we consider animal 

behavior. Learning and memory are also behavioral functions that can assure active 

innovation among behavioral repertoire of individual organisms within a certain 

population. However, a creative trait represents an extension of this mentioned repertoire 

in a way that an animal may act in new ways, establishing new ecological relations 

considering that new actions (or behavioral responses) must happen in new 

circumstances, but to pursue a familiar goal and to reach familiar rewards or 

consequences. 

Insight does not have to assume personality traits or personal characteristics 

(Hennessey and Ambelie 2010) as it can offer an empirical basis with multiple tasks to 

test whether any kind of innovation and behavioral flexibility is durable, stable and how 

an individual history can affect its idiosyncrasies when innovating. Therefore, it offers a 
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pathway to explore innovation in a comparative and thus evolutionary way as it does not 

depend on such constructs such as abstract cognitive modules or computational networks 

that recurrently leads to dead alleys and theoretical fragmentation (Barsalou 2008; 

Hennessey and Ambelie 2010). 

Finally, it is important to state that animal creativity in individual level is a 

particular feature of general animal creativity. Social animals can manifest behavioral 

innovation in individual level, by social learning and cultural transmission (Bandini and 

Harrison 2020; Koops 2020; Wild et al. 2020). Although it may occur in a different level 

(i.e., social level) it may also rely on more basic processes of individual (e.g. trial and 

error and insight) and social learning (e.g. modeling and imitation). 
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CHAPTER 02 

Title: Reversal Learning as a feature of Insight 

Title: Reversal Learning as a feature of Insight 

1. Introduction 

Insight is defined as the sudden solution of a problem (Statt, 1998; Matsumoto, 

2009). It comprises the ability to discriminate relevant features of the environment and 

an abrupt decrease in the time to reach the solution to a problem (Hartman, 1931; 

Pechestein & Brown, 1939). Insight was once described as a different way to install an 

instrumental behavior (Delage & Carvalho-Neto, 2010). However, what makes insight a 

different instrumental/operant behavior is not clear. 

The behavioral changes defined as insight learning do not come out of nothing. 

They are created from the transference of previous learning into new settings (Koffka, 

1935; Köhler, 1938) or behavioral contingencies (Epstein, 1991; 2015). This transference 

was described in different ways. However – in broad terms – all the definitions rely on 

the generation of novel responses (i.e., behavior innovation) and flexible contextual 

control (i.e., behavior flexibility; Santana & Garcia-Mijares, 2021). Insight, as a feature 

of creativity, would be generated by the interconnection of previous learning into novel 

of behaviors (Epstein, 1991; 2015). If insight is but a product of interconnection, all its 

features should be explained by the contingencies of previous learning. A hypothesis that 

is still open to empirical test and proof. 

Insight was defined as differences in learning curves. Reward or Reinforcement 

learning produces gradual changes in both increments in frequencies and subtractions of 

latency. Insight learning curves produces sudden changes in the form of abrupt increments 

in frequencies and decreases in latency. Insight is a behavioral phenomenon originally 

defined by these behavioral or performance distinctiveness. However, many other 
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features were added to its observation and definitions throughout the years (Epstein, 

2015; Osuna-Mascaró & Auersperg, 2021). The idea of fluidness as a feature associated 

to insight is not new but has been recently took into the focus of many efforts of 

investigating insight under the lens of the contingencies of reinforcement underlying it 

(Neves-Filho et al., 2015; Dicezare & Garcia-Mijares, 2019; Knaus, 2021).  

Insight is not in the problem (Webb et al., 2016) and very few tasks became well 

accepted over the years as sources of insight-like solutions specially when focusing on 

insight in non-human animals (Shettleworth, 2012). Köhler Insight tasks (Köhler, 

1917/1952; also described in Chapter 01) was the most influential tasks to approach 

insight phenomenon in non-human animals. Its influence is deep rooted in the science 

and teaching of psychological science despite almost all replications of said work had 

proved that Köhler’s Insight is a product of instrumental learning (Windholtz, 1984). 

Recent findings demonstrated that what insight (an effective, fluid and directed way to 

solve a problem) can be produced by the combination of behavioral links into new chains 

of behavior. What evoke one set of behavior chain, or another remains unclear.  

Part of this variation is a function of individual features such as mood behavior 

(Knaus, 2021), but a great part of it seems to depend on the arrangements of pre-testing 

training. The sequences of training (Neves-Filho et al., 2016, the proportionality of 

behavioral links trained (Neves-Filho et al., 2019), the spatial cues used during the 

training (Dicezare & Garcia-Mijares, 2019), the relation between behavior topography 

and mechanical costs of the response (Santos, 2017) are some of the variables reported as 

critical to produce insight or at least what one could call insight-like solutions. 

Despite recent advances in the field, the investigation of insight in non-humans 

generally lack a control condition for non-insight solutions. This control for non-insight 

solutions was important to differentiate special features in the basic behavioral measures 
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(i.e., differences in eye movement) and neural basis of insight in humans (Kounious & 

Beeman, 2014). Part of this lack can be explained due to the difficulty on characterizing 

what make an insight-like solution "insightful" enough.  

When insight was demonstrated to rely on instrumental learning, the inner 

"novelty" attributed to insight learning faced the challenge to identify what is new and 

what is not in insight learning, and - of course - how this novelty is produced from familiar 

patterns of behavior. The behavioral processes underlying this feature is still unclear, 

although it was suggested that some kind of behavioral generalization may play a part 

when animals are acting toward certain and novel environments, objects or tools as they 

were trained to react to other previously trained stimuli (Koffka, 1935; Spence, 1937; 

Lazareva, 2012; Shettleworth, 2012). 

A group of researchers recently reported a novel task to investigate Epstein’s 

insight in non-human animals (Neves-Filho et al., 2015; 2016; Knaus, 2021). In their task, 

an acrylic chamber with two sides are separated by a barrier. The only way to crosse from 

one side to the other is by digging a tunnel using a passage covered by wood-chip bedding, 

usually used to cover captive rodents in their home-cages. The animals were proved to 

rely on instrumental training to solve this task. After being exposed to a training to dig 

the surface, and to climb a ladder that give access to a food reinforcer, animals were tested 

on a condition where they were expected to solve a problem by interconnecting the 

previous learned behavior into a sequence of digging-and-climbing to reach a food reward 

on the other side of the testing chamber. The findings about this experimental paradigm 

to investigate insight demonstrated an important contribution on producing insight in 

controlled behavioral experiments and on how to treat the measures of insight beyond the 

almost anecdotal description of Köhler’s and Epstein’s descriptions (Köhler, 1917/1952; 

Epstein et al., 1984). 
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This advances on the description and measurements of insight in non-human 

animals are important and they add to the theoretical mainframe that explains the 

behavioral nature of insight as a unique and distinctive way for an organism to behave 

(Webb et al., 2016; Osuna-Mascaró & Auersperg, 2021). However, there is a gap on the 

experimental paradigms that investigate insight that comprises the “pre-” and “post-” 

features of insight learning (Santana &Garcia-Mijares, 2021). The “Pre-insight” features 

comprise the learning determiners of insight, specifically, what can impair or hinder the 

emergence of insight solutions when one does not show insight-like solution despite been 

exposed to relevant instrumental training (Neves-Filho et al., 2020; Osuna-Mascaró & 

Auersperg, 2021). The investigation of this set of variables can offer tools to understand 

the behavioral processes underlying insight. 

The post-insight-learning features comprise the behavioral changes that remain 

after the occurrence of original insight response (Santana &Garcia-Mijares, 2021). What 

is altered in one’s behavior after performing insight is difficult to keep track of for the 

ephemeral nature of insight phenomenon as a sudden change in performance (Statt, 1998; 

Matsumoto, 2009). The proper control and description of said processes can reveal what 

one can expect after observing insight-like behaviors and to discriminate what makes a 

behavior novel and distinctive enough to be called insight (Santana & Garcia-Mijares, 

2021).  

The relevance of the investigation of both “pre-“ and “post-“ components of 

insight-like behavior have a common relevance as they have the potential to shed light on 

on the learning determiners of insight (Osuna-Mascaró & Auersperg, 2021). Identifying 

which basic processes give rise to insight-like behavior may elucidate whether we need a 

behavior category under the label “insight” to begin with (Shettleworth, 2012; Osuna-
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Mascaró & Auersperg, 2021). Demonstrating the associative learning basis of insight may 

elucidate that insight does not go beyond a pattern of behavior identified in some learning 

curves and that that is ultimately a product of pavlovian and instrumental learning that 

give rise to novel behavior (Osuna-Mascaró & Auersperg, 2021). Still, even in said 

situation, the sui generis configuration of processes underlying insight may be distinctive 

enough to separate insight from other generative processes of behavior (Shettlewroth, 

2012; Epstein, 2015; Osuna-Mascaró & Auersperg, 2021)  

In order to offer some novel insights on how insight learning can be tested for its 

distinctiveness, we dedicated this investigation to test the role of reversal learning as a 

metric to differentiate insight and non-insight behavior. Reversal Learning is broadly a 

term to describe how a reverse configuration of a pair of associate stimuli can emerge in 

an organism’s repertoire without the necessity of specific training. This type of learning 

can be investigated in both pavlovian and instrumental learning and has been tested 

among different tasks, settings, and species (Bebus et al., 2016; Izquierdo et al., 2017). 

Reversal learning is considered evidence of behavioral flexibility and creativity in non-

human animals (Izquierdo et al., 2017). 

Reversal learning is observed in quick switches. In reversal learning tests (Costa 

et al., 2015; Izquierdo et al., 2017), variations on environmental conditions serve as cues 

that decrease the probability of reinforced actions and increase the chances to innovate 

with no gradual transition from one pattern of behavior (the reinforcement learning) to 

the other (the reversal learning). Since reversal learning is evidence for behavior 

flexibility (Santana & Garcia-Mijares, 2021), to add a reversal learning test into insight 

tests may offer a tool to track changes in behavior that go beyond the one occasion of 

insight in one testing session and may, otherwise, show whether one can notice further 

changes in behavior in after the traditional “insight”. 
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Additionally, reversal learning paradigms may offer new tools to compare insight 

versus non-insight solutions by the means of contrast with "reinforcement learning" 

(Costa et al., 2015; Izquierdo, 2017). Among the literature of "reversal learning", "naive" 

or simply reinforcement learning is defined as behavioral responses that are a direct 

product of previous reinforcement, i.e., actions that are in form and function novel 

presentations of previously learning relations (Bebus et al., 2016).  Reversal learning can 

be eased or impaired by training conditions (Jarvers et al., 2016; BEbus et al., 2016). 

Reward accessing conditions being the primary contingency affecting whether the typical 

"shifts" of reversal learning occur (Costa et al., 2015; Bebus et al., 2016; Izquierdo, 2017). 

Test the relation between reversal learning and insight require than a condition that may 

offer a control for when individuals do not solve by the means of a sudden "shift" as it is 

both observed in reversal and insight learning. Introduce a condition that increase 

responses directed toward the reward may impede the occurrence of insight behavior and, 

therefore, offer a comparison situation and a control group for non-insight solutions. 

The ephemeral nature of behavior can make it difficult to identify the processes 

that determine it. However, it cannot prevent the testing of models and alternatives for 

the observation and control of behavioral phenomena. Therefore, the purpose of this 

experiment was twofold. On one hand, to test the effect of a broader form of training (one 

sessions, one reinforcer, right before the testing) as a disruptor for the observation of 

insight. This may offer tools to directly compare insight and non-insight solutions after 

comparable learning histories. The second aim was to evaluate whether this novel training 

session could reveal changes that go beyond the insight solution during the testing 

session. To test that, we used a reversal learning test (after the problem-solving test) to 

check on the behavioral differences between insight and non-insight group. 
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2. Methods 

2.1. Animals 

Twelve male Long Evans rats (Rattus norvegicus) from 90 to 150 days old and 

between 300-350g at the beginning of the experiment were used. The animals were kept 

under controlled conditions for temperature (23ºC±2ºC), humidity, and reversed light-

dark cycle (12/12 hours with dark cycle starting at 7 a.m.). The animals were pair-housed 

with water under ad libitum regime. Two hours of food restriction before the behavioral 

sessions was used to increase animals’ foraging and the appetitive value for food within 

sessions. 

2.2. Materials and Equipment 

a. Food Reward: Sweetened cereal flakes (Fruit Loops™) were used as rewards 

within training sessions, hereby referred as “food” or “reward”. 

b. Video recording and behavior: A video camera (Sea Wit® Webcam with 

Built-in Microphone A870 USB 2.0 HD 12.0MP) was used to film the 

behavioral sessions. The Behavioral Observation Research Interactive 

Software (BORIS® 7.9) was used to analyze the behavioral sessions. 

c. Digging Chamber: A parallelepiped chamber (length= 45cm, width=60; 

height=60cm) was used. It was made of acrylic with two hatches (one on the 

side wall and the other on the bottom) filled with pine wood bedding, see 

Figure 1B. A piece of food was placed inside a vessel (a plastic bottle cap) 

and covered by the wood bedding under different depths. 

d. Climbing chamber: Climbing training was undertaken in an adapted form of 

the home cage that included and an elevated platform made of wood and a 

metal ladder (height = 25cm; width = 8cm) that gives access to the platform, 

see Figure 1A. 
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e. Testing Chamber: An open field chamber was modified to support the test 

requirements. The chamber was divided between two sides of equal size 

(width=70, depth=35, height=80cm each side) by a glass barrier. The chamber 

floor was covered with pine wood bedding (depth=20cm) on both sides. An 

elevated platform (width=30cm, depth=15cm, height=20cm) and a metal 

ladder (the same model as the one used for the climbing training) were placed 

together on one side of the chamber during testing sessions (see Figure 1C). 

 

Figure 01. Experimental Apparatus. A) climbing chamber. B) digging chamber. C) testing 

chamber. 

2.3. Experimental Design 

At first, all animals were exposed to the same sequence of behavioral training and 

testing: a) Pre-testing; b) Behavioral training (for Climbing and Digging); d) direct test; 

and e) Reversal test. After that, animals were sorted to be in one of the two experimental 

groups (Non-Insight and Insight). The only difference between groups was that the non-
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Insight group underwent a one session of rewarded crossing without digging right before 

the direct test. The sorting process was performed by attributing a number to each animal 

and by using a ‘sorting()’ function on Python 3.3 for a numeric list of items. 

Table 01. Experimental Design for Experiment 01. 

 Handling Pre-

Test 

Digging 

Training 

Climbing 

Training 

Rewarded 

crossing (without 

digging) 

Direct 

Test 

 

Reversal 

Test 

 

Insight X X X X  X X 

Non-

Insight 

X X X X X X X 

Note: The “X” marks that the subjects in that group were exposed to that condition. 

 

2.4. Procedures 

All animals were tested on all three tests (pre-test, direct and reversal). All testing 

procedures were performed in a single session, in a single trial of up to ten minutes. 

Pre-test: Each animal was placed on one side of the testing chamber opposite to the ladder 

(same as shown in Figure 2A) as a standard control condition for solving or not solving 

the task without instrumental training. To reach the food, the rat should dig and reach the 

connection between the two sides of the testing chamber. Digging to the other side would 

give the rat access to the ladder and so to the platform on which a bottlecap with a piece 

of food inside was placed. 

Behavioral training: All animals received both training on climbing and digging. 

Climbing: An instrumental shaping procedure was performed to train the animal on 

climbing a ladder to reach the food (reward). One piece of food would be placed on a 
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small window-shaped platform (width=10cm; height=8cm) over the ladder at a time. 

Each trial consisted of a sequence of climbing up, grabbing the food, and climbing down 

the ladder. There was no inter-trial interval, despite the time for the experimenter to 

manually refill the platform. Rats could access up to 12 pieces of food per training session. 

Sessions would end after 15 minutes or after the rat had eaten all 12 pieces of food in a 

session, whichever came first. The criteria to end the climbing training would be to climb 

the ladder and eat at least 10 out of 12 pieces of food (>80%) per session and keeping this 

performance throughout three consecutive sessions. 

Digging: A second instrumental shaping procedure was used to train the animal on 

digging toward the food in a modified skinner chamber (see Figure 1E) filled with wood 

chip bedding for rodents (depth=25cm). In each trial, four bottle caps were placed 

underneath the wood bedding under one of five different depths (0cm, 5cm, 10cm, and 

15cm). Each bottle cap contained one piece of food. A trial consisted of digging toward 

every single one of these four bottlecap targets to reach the food. The experimenter would 

check whether the animals reached all the caps every three minutes refilling the caps 

every time until reaching the session limit of 12 pieces of food per session. Sessions could 

also be ended after 15 minutes if the animal did not reach the 12-piece limit. The shaping 

of digging required two stages of training. In the first, the animal should reach the bottle 

caps on the deepest depths at least 25% or 3 out of 12 trials (complexity criterion). 

Secondly, the animal should reach at least 80% of the targets (≥10) per session, during 

three consecutive sessions (stability criterion). 

Rewarded Crossing (Without digging):After being trained on both behaviors, the were 

sorted between two groups and half of the rats (that would constitute the Non-Insight 

group, n=6) underwent one session of rewarded crossing without the need to dig to reach 

the other side of the chamber. This one session consisted of leaving the passage between 
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the two sides open for the animal to cross. The passage was on the side where the ladder 

was. A bottlecap containing a piece of food was positioned between the two points (the 

passage and the ladder; ~12cm from the ladder and ~18cm from the barrier dividing both 

sides). Right after reaching and eating the food the sessions was ended and the animals 

prepared for the testing session. 

Behavioral testing (post-training) 

Direct Test: The test contained the same configuration as the one described on the pre-

test but performed after all behavioral training was completed (Figure 02A). 

Reversal Test: In the reversal test, the rats were placed on the platform inside the testing 

chamber (Figure 2B). Solving the reversal test consisted of reaching a bottlecap 

containing a piece of food on the other side of the testing chamber, opposite to the one 

where the animal was placed. To reach the food, each animal had to climb down the 

ladder, dig toward the other side of the chamber and reach the bottlecap containing food. 

A) 

 

 

 

B) 

 

Figure 02: disposition of the chamber at the beginning of the testing sessions. A) Direct 

Test. B) Reversal test. 
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2.5. Data Analysis 

The analysis of training performance compared reinforcers accessed throughout 

the climbing and digging training between both groups (i.e., Non-Insight and Insight) to 

standardize the control for the number of reinforcers accessed per group per behavior 

trained. The performance of both groups (Non-Insight and Insight) was compared in the 

direct and reversal tests using a segmentation of the testing chamber in quadrants (for a 

parameter on their exploration), time to solution and relevant behavior such as crossing 

and/or digging. The groups were also compared in their accomplishments on each tests 

(whether they did or not solve the test correctly, i.e., whether they reached the food). 

3. Results 

3.1. Pre-Test and Behavior training 

None of the animals solved the problem on the pre-test condition after reaching 

the time limit (10 minutes). After that, all animals underwent behavioral training for both 

digging and climbing behavior. Their individual performances are summarized in Table 

2 in terms of the total sessions to reach stability and the number of reinforcers consumed 

in their last five training sessions in each behavior. The T-Test revealed that climbing 

behavior was faster to reach the stability criteria than the behavior of digging toward a 

target. The first was taught in less than eight sessions of training (M =7.25, SD = 0.67), 

while digging took more than eleven sessions (M = 11.41, SD =0.91), t = -9.54252, p < 

.001. 

After the allocation of the animals in each group (insight and non-insight), an 

analysis of variance was performed to test whether there were differences between the 

experimental groups comprising the number of reinforcers accessed and consumed in 

their last five session in each behavioral training. The results are summarized in Figure 3. 

Regarding the number of reinforcers on the last five sessions of the digging training, no 



44 
 

significant difference was observed between the insight group (M = 50.33, SD = 4.89) 

and the non-insight group (M = 47.67, SD = 3.93), f = 1.08, p > .32. When analyzing the 

sum of the reinforcers consumed in the last five sessions of the climbing training, we 

observed no difference between both groups (Insight: M = 51.33, SD = 3.08; Non-Insight: 

M = 50.17, SD = 2.14), f = 0.58, p > .46. Relevant differences in training could affect the 

testing results in the form of cue and reward control. The inexistence of statistical 

differences until this point is important to keep control of previous reinforcement learning 

in both groups. 
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Figure 3. Summary of data for the behavioral training. A)  Number of sessions on digging; B) Sum of reinforcers consumed during digging in its 

last five sessions; C) Number of sessions on climbing; D) Sum of reinforcers consumed during climbing in its last five sessions.
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Figure 4. Summary of Data during the direct test. A) Exploration of Q1; B) Exploration of Q2; C) Exploration of Q3; D) Exploration of Q4. 

 



Figure 4. Summary of Data during the direct test. A) Exploration of Q1; B) Exploration of Q2; C) Exploration of Q3; D) Exploration of Q4. 
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3.2. Insight, Learning and Problem-Solving 

The only difference between the procedures to which insight and non-insight 

groups were exposed was a single short session of one trial where the non-insight group 

was exposed to a free crossing session where they could reach one piece of food (reward) 

after crossing without digging. The insight group did not undergo such session and moved 

directly to the testing session. All animals in the non-insight group reached the other side 

and consumed the food on the other side. 

When under the testing session (the direct test), all twelve animals solved the 

problem by digging through crossing and climbing the ladder until the reach the food. 

Animals in insight group (M = 207s, SD = 53.33s) solved the task faster than animals in 

the non-insight group (M = 431s, SD = 75.02s), f = 26.3588, p < .001. 

Animals in non-insight group spent more time in quadrant Q1 (M = 331,67s, SD 

= 68.13), incompatible with behavioral responses relevant to solutions (i.e., the digging 

toward a target and climbing behaviors) when compared to animals in insight group (M 

= 98,33s, SD = 57.22s), f = 21.55 and p < .001. Still, there was no difference between the 

time spent in both Q2 between insight (M = 85.40s, SD = 48.31s) and non-insight (M = 

75.21s, SD = 23.27s), f = 0.10 and p > .74. The Non-insight group spent more time in Q3 

(M = 23.11s, SD = 4.44s) than insight group (M = 13.43s, SD = 4.44s), f = 11.25 and p < 

.01, the quadrant where the ladder was placed. This seems to point toward a more 

explorative and less directional solution performed by the non-insight group when 

compared to insight group, as more the latter spent more time in both relevant (Q3) and 

irrelevant (Q1) quadrants. The non-insight group also performed more of the crossing and 

digging behavior (M = 3.83, SD = 0.56) when compared to the insight group (M = 2.67, 

SD = 0.89), t = 2.01 and p = .04. This feature adds to the idea that non-insight group 

performed a more explorative and less directional/fluid solution of the problem. Solutions 
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performed by non-insight group was also more time demanding. They spent more time 

before reaching the solution than insight group. The testing session then revealed that the 

non-insight group were capable of solving the task as much as the insight group. 

However, non-insight group was slower and more explorative than insight group. The 

summary of group comparisons can be found in Figure 03. The exposure to the rewarded 

crossing before testing appear to be effective to produce differences in solution such as 

changing the exploration of the testing set. But both groups were still able to solve the 

problem of the direct test.. 

3.3. Reversal Learning: 

The Chi-Square test revealed a significant difference between the solution of the 

reversal task (Chi-Square = 27.27, p < 0.0001; for one degree of freedom). Since the Non-

insight group did not solve the reversal task in the present condition (where the reversal 

task was performed few minutes after the direct test), no direct comparison for "time to 

solution" could be performed. However, a comparison for the pattern of exploration was 

performed to track the general time spent on each quadrant of the testing chamber. The 

Non-Insight group explored more the Q3 (M = 178.30s, SD = 21.41s; f = 127.23 and p < 

.001) and Q4 (M = 411.7s, SD = 21.31; f = 81.09 and p < .001) quadrants than did the 

insight group (Q3: M = 52,63s, SD = 13,33s; Q4: M = 106.72s, SD = 53,34s). Only the 

insight group demonstrated responses of digging and crossing, a feature significantly 

different between the two groups on the reversal task. These results also indicate that the 

type of spatial exploration performed by the non-insight group was less directed to a target 

and more an exploration of the testing environment. 

4. Discussion 

4.1. Insight and the Rewarded Crossing as a distinct training 
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Our results indicate that the insight group were quicker and less explorative when 

solving the direct test than were the animals in the non-insight group. The control for 

other variables suggests that the crossing without digging session right before the direct 

test were capable of changing the way animals solve a problem. The exposition to the 

reward may affect the way organisms solve problems and, to the purpose of studying 

insight, seems to offer an alternative way to hinder insight solutions (Neves-Filho et al., 

2020). This may help further studies to investigate on what kind of cues may control 

insight by facilitating or hindering insight-like solutions (Neves-Filho et al., 2020). 

The fact that a single and short session may disrupt what has usually been called 

a "more sudden, fluid and direct"  behavior (Epstein et al., 1984; Dicezare & Garcia-

Mijares, 2019) may indicate that what has been called insight in non-human animals are 

a different way to install an operant (Delage & Carvalho-Neto, 2010) that is based in the 

transference of previous learned control exerted by classes of reinforcers and cues 

(Koffka, 1935; Shettleworth, 2012). One can argue for that interpretation by taking the 

fact that the solution, per se, of the problem were possible in both groups, what indicates 

that they both relied on the instrumental learning of digging and climbing to solve the 

problem. 

A vast corpus of evidence have been pointing to that in both early (Koffka, 1935; 

Köhler, 1938; Thorpe, 1956; Epstein et al., 1984; Epstein, 1985; 1987) and recent findings 

(Neves-Filho et al., 2015; 2016; 2020) about insight learning. However, the way the 

solution was evoked may have been affected by the some of the differences on the 

conditions to which each group was exposed right before the direct test: one group of 

animals remaining on their home cage, the insight group; and the others being exposed to 

the rewarded session of crossing without digging. 
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The effect of said pre-direct test training remains unclear and needs further 

exploration. Still, for the purposes of supporting the development of a methodology to 

study insight with a control condition/group for non-insight solutions, our results seem to 

point toward a path for an inter-subject comparison of insight and non-insight solutions 

using a single training session as a distinction. Produce strong differences in short amount 

of time and trials is a quest when dealing with models that investigate insight in non-

human animals since the procedures can be long and extremely hard to be replicated 

between different subjects due to the complexity of the target behaviors and the 

idiosyncrasies of the shaping procedures (Dicezare & Garcia Mijares, 2019; Santos, 

2017). The results also point toward an acquired component of insight that can be tested 

in humans and non-humans by modifying behavioral experiments instead of using 

indirect comparisons or analogies such as the genetic traits of mood behavior (Knaus, 

2021).  

The fact that insight is usually studied using the same traditional variations of 

classic gestalt tasks (The Two String Problem and The Candle Problem in humans, and 

the Fishing Tool Manufacture and the Box piling/displacement in non-human animals) is 

also a challenge that seems important to surpass. If insight describe a behavioral 

phenomenon that is relevant in the big picture of behavioral sciences, insight need to be 

a investigated and described in terms of measures and processes that may shed light on 

what define and produce said phenomenon. Our results present a novel way to compare 

insight and non-insight solutions, shedding light on what appears to be a set of new 

variables to be explored: the cue- and reward- control that hinder or evoke insight before 

and during the test or problem-solving task. 

4.2. Reversal Learning 
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Our results seems to support that instrumental learning play a critical role in the 

acquisition of units of behavior that are important to solve a problem that requires the 

combination or interconnection (Epstein, 1991; 2015) of said behaviors, like in Epstein’s 

Insight. But the insightful features of said solution (i.e., the fluidity and directness of 

insight behavior; Epstein, 1991; 2015) seems to be a product of the pre-testing variables. 

This is due to the fact that all animals were capable of solving the direct test, despite the 

specific differences on the how they solved or, in other words, what may have controlled 

each type of solutions that animals in each group may have performed. Still, there appear 

to be later differences on the reversal learning that may reveal more about the processes 

underlying what make each group (insight and non-insight) different from one another. 

The fact that the insight group were capable of solving the reversal test and the 

non-insight group have not may point toward a difference on how the cue-value may have 

changed for the non-insight group after been exposed to the rewarded crossing without 

digging. The possibility of crossing to the other side of the testing chamber and the access 

to the food reward right after that are the conditions that distinguish the instrumental 

training of insight and non-insight group. We understand that seems reasonable to assume 

that some parts of the learning that occurred in said session may have changed how 

animals in the non-insight group came to react when re-exposed to the chamber as 

presented in the direct and the reversal test setting. The specific processes underlying 

those differences remain unclear, but an investigation on how this learning may impact 

the reward and cue control during the direct test may shed light on whether the differences 

between insight and non-insight group are more or less related to the stimulus control 

processes operating between familiar parts of the testing setting (e.g., the ladder) or to the 

specificity of the rewarded crossing. 
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Epstein’s generative theory of creativity (Epstein, 1991; 2015) – as we understand 

it – would predict that the generation of insight come from combination of previous 

learning. Our findings demonstrated that combinations of behavior supported the solution 

of both insight and non-insight groups. However, differences on the training history may 

modify the combinations of behavior in such a way that said combinations can become 

distant from the properties that Epstein (1991; 2015) defined as inherent to insight-like 

solution (e.g., directionality, fluidness, for instance).  

5. Conclusion 

Epstein and his colleagues offered an innovative way to understand insight 

phenomenon by their demonstration of insight in pigeon. It reopened the path to study 

insight in non-human animals after decades of few investigations dedicated to that. 

Recent findings added to these preliminary investigations by offering new information on 

the intra-subject determiners of insight learning and by offering variations on the way to 

investigate insight in non-humans that does not require tool use in analogy to the original 

Köhler's findings (Köhler, 1917/1952). 

The formulation of Epstein's Generative Theory tried to portrait insight as a 

specific type of behavior interconnection that supports the emergence of novel behavior, 

novel contextual control and, ultimately, novel ways for the organism to interact with its 

environment. Our findings indicate that Epstein's interpretation of insight was incomplete 

since it failed to predict the impact of how the broadening of instrumental training would 

affect the solution of a problem by producing effective solutions without insight-like 

behavior. 

Further investigations may take into account how conditions contiguous to the 

testing may affect insight and how those effects may shed light on the stimulus control 

contingencies operating upon insight solutions. We hope that these findings may offer 
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new tools to compare insight and non-insight solutions and to offer a new design to 

investigate the learning processes underlying insight and non-insight by understanding 

the reversal component of insight learning. 
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CHAPTER 03 

Title: Insight and Mediated Generalization 

1. Introduction 

The aim of this essay is to present a mediated generalization explanation of how 

learning operates to produce novel behavior described as insight in animals (Kohler, 

1917; Epstein, Kirshnit, Rubin & Lanza, 1984). In Gestalt terms, insight lies on the 

transposition (i.e., the transference or generalization) of previous knowledge to new 

environmental circumstances (Koffka, 1935). This transposition is essentially the use of 

previous learning in new environmental circumstances, as observed in generalization. To 

support our proposition, we review the evidence on insight in non-human animals from 

the 1910’s to 2010’s. Also, integrating these investigations with the development of the 

literature of Pavlovian processes supporting the emergence of new classes of equivalent 

stimuli. 

In 1897, Ivan P. Pavlov demonstrated that some episodes of saliva secretion could 

be predicted based on environmental events that were previously associated with a 

stimulus that triggered a reflex response. In his Lectures on the Work of Digestive Glands 

(Pavlov, 1897), Pavlov used the salivary secretion as a quantitative parameter for the 

dogs’ subjective reaction. After a few sessions of presenting the sound of a metronome 

before presenting food to a dog, Pavlov observed a systematic increase on the saliva 

secretion between the time of the sound and the presentation of the food. This increment 

in salivation persisted even when the sound was not followed by the food. Pavlov that 

linking up the food (i.e., a reflex-eliciting stimulus called an Unconditioned Stimulus, 

US) and the sound of a metronome (i.e., an initially neutral event). Making the sound a 

new condition (i.e., a new S called a Conditioned Stimulus, CS) under which the reflexive 



57 
 

response (R) would also occur, even without the original triggering stimulus (Pavlov, 

1897; 1927). 

Because the sound acquired a new function as a condition promoting the reflex, 

Pavlov (1927) called the new behavior a Conditioned Reflex (actually, the correct 

translation from Russian should be “Conditional”, but due to the mistranslation to 

“Conditioned”, the latter term remains the most commonly-used one in English). It was 

the first quantitative demonstration of how systematic changes in behavior could be 

acquired and, so, how new behaviors could emerge from the interaction between 

physiology and the environment.  

 Pavlov’s Conditioned Reflexes established a simple way to analyze an organism’s 

behavior in terms of its most simple parts, the relation between a stimulus and its 

response, the S-R relation (Pavlov, 1927; Windholz, 1992; Boakes, 2003). The dog 

presented with the sound (CS) salivates (the conditioned response, CR) for the same 

reason it does when presented to the food (US), as both the food and the sound are stimuli 

related to eating. Salivation in the presence of the food is a response selected in the 

animal’s phylogeny and adaptative to its homeostasis. Meanwhile, as the sound was 

systematically associated with the food, and therefore the food increased the amount of 

saliva secreted, the conditioned reflexes showed how learning mechanisms could evolve 

due to their beneficial effects on survival and reproduction (Windholz, 1992). Still, many 

questions remained unanswered on how these S-R relations would explain intelligent 

behavior. 

Edward Lee Thorndike (1898; 1911) introduced a task and a measure to test 

animal intelligence in Problem-Solving situations. By putting animals in a puzzle-box, he 

observed what types of strategies they performed when trying to escape the box, and how 

the solution of the puzzle affected the time and frequencies of the effective and non-
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effective strategies throughout repeated behavioral sessions. Based on his findings, he 

argued for a general principle of behavior that he called the Law of Effect. The Law of 

Effect described that the effect of a behavioral response upon its environment, in terms 

of the appetitive or aversive nature of the outcome, would directly affect its latency and 

frequency of occurring in the same situation. In other words, pleasurable/appetitive 

effects lead to increments of frequency, while painful/aversive effects lead to decays of 

frequencies of behavior (Thorndike, 1927). Thorndike’s Law of Effect brings two 

important features to the explanation of the behavior performed when solving a problem. 

Behavior is driven by hedonistic principles, that is, one should pursue 

desirable/pleasurable outcomes and avoid painful/hurtful ones. A second feature, derived 

from the first to some extent, is that the frequencies of behavior in the behavioral 

repertoire should fluctuate based on environmental circumstances and, specially, due to 

the variations of outcomes that a behavior could have. For instance, searching for an egg 

in an eagle’s nest can produce a valuable source of nutrients for a young monkey, but it 

can also result in an altercation with the mother eagle, possibly resulting in the monkey’s 

death. The hedonic value of acquiring the eagle’s eggs drive the heuristics of looking for 

the egg in a trial-and-error basis. 

Both Pavlov’s and Thorndike’s ideas illuminated some basic principles of 

learning. Classical and instrumental conditioning were both assimilated into many 

doctrines for learning theory (Kohler, 1925; Tolman, 1932). The Doctrine of Conditioned 

is a case in point (Tolman, 1937). This doctrine would assert that all learning processes 

are reducible to S-R relations and explained by the means of recency and frequency (i.e., 

by the Law of Exercise; Thorndike, 1898; 1911). For instance, Pavlov’s dogs learned the 

function of a CS due to its previous association with a US, resulting in the CS being 

capable of eliciting a CR (i.e., the conditioned response of salivation in response to the 
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sound of a metronome). The processing of these elementary units (i.e., S and R) within 

the nervous system would be driven by sensory and motor traits in the periphery and 

associated in the central NS, i.e., the representation of the relation between S and R would 

depend on higher hierarchical processes (Meyer, 1911; Watson, 1914; Kohler, 1925). The 

segmentation of psychological reality into elements (e.g., like the definitions of stimulus 

and response), and whose importance was defined from their repetition was appealing 

and led to further developments by Watson (1913; 1914), Guthrie (1935), Karl Lashley 

(1923), and others (see Hunter, 1932; and Lashley, 1923). Yet, it also started a feud that 

deeply affected the scientific community.  

One can summarize this quarrel as twofold. On one hand, there is the Telephone-

Switchboard Metaphor (TSM; Meyer, 1911; Tolman, 1948). Let us envisage an old 

Telephone central, when a telephone operator receives a call from Phone A requesting to 

reach Phone B, this operator must switch a plug to directly connect A and B. If, in a 

second call, A requests a call to Phone C, the plug must be moved from B to C in order 

to reach its correct address. In this metaphor, there is a strict one-to-one correspondence 

between an address (e.g., Phones A, B, and C) and their representation on the telephone 

switchboard, in a way that the only way to reach one of the numbers is to directly plug a 

cable inside a specific key on the board (Meyer, 1911; Tolman, 1948). In the Doctrine of 

Conditioned Reflexes, psychological associations are reducible to associations between 

S-R where specific S’s are associated with specific R’s by phylogeny and ontogeny. 

Nevertheless, the use of conditioned reflexes as a conceptual paradigm for 

learning theory faced an early challenge on the use of S and R as categories of events 

(Bernstein, 1945/1998; 1967; Hull, 1943; Tolman, 1948). Yet, when one labels a 

controlled puff of air to the eye as a stimulus, variations in its intensity, latency, and 

frequency are traceable and measurable in a way that makes a category of stimuli “air 
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puff” definable by its physical similarities (e.g., similar intensities, similar temperatures, 

etc.). However, when one observes a rat running in a maze without a ceiling, each part of 

the maze varies in illumination, spatial cues, and – occasionally – even in color, shape, 

and other local features. This led to the question of what makes the maze a single 

stimulus? In other words, what are the features that allow us to call two sets of conditions 

a repetition of the same stimulus (Hull, 1943; Tolman, 1937; 1948). The same can be said 

about the response. In the eyeblink reflex situation, the air puff generates a quick closure 

of the eyelids (i.e., the unconditioned eyeblink response). However, in Thorndike’s 

puzzle-box, a cat can open the box by pulling a string with its front and rear pawns, or 

even with its teeth. It can use its full paw, or just a single claw to activate the puzzle-box 

mechanism, such as by lifting a latch and escaping. Can all those different motor 

responses be called the same response R? (Bernstein, 1945/1998; 1967; Skinner, 1938). 

In its original forms, stimulus and response are strict definitions that does not accord such 

use. They are useful as long as they are simply and objectively defined in one or few 

aspects (e.g., variations of frequency in a source of noise or variations of luminance in a 

beam of light). 

The phenomenon of generalization brought to light a completely new field of 

investigation on the extension of the S-R relations formed after conditioning. Instead of 

a strict one-to-one identity, when a CS is paired with a US or when a response is followed 

by reinforcement, a myriad of S-S associations can emerge without ever having been 

directly learned. In other words, "every reinforcement mediates connections between a 

very great number of receptor and effector processes in addition to those involved in the 

reinforcement process" (Hull, 1943, p.183). Stimulus and response generalization 

revealed how new connections can be derived from previous learning in a more complex 
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and indirect way than Pavlov’s one-to-one identity theory of learning (Pavlov, 1897; 

Meyer, 1911; Watson, 1914). 

What implications does this hold for the definition of the response? One may think 

that The Doctrine of Trial-and-Error may offer a better account of this matter. When 

Thorndike (1898) put one of his cats in a puzzle-box, there were plenty of ways they 

could behave inside (i.e., they could emit responses R₁, R₂, R₃, …, Rₙ) at first. If R₃ is to 

pull a string that activates the mechanism that opens the latch, the Law of Effect states 

that escaping the box would produce satisfactory states like safety and freedom of 

movement, while the other possible responses (R₁, R₂, …, R) would not produce such a 

drive reduction and would have their frequencies reduced after some sessions on the 

puzzle box for their inefficiency (see the Law of Exercise, Thorndike, 1898; 1911). 

However, as stated before, what if a cat first pulled the string using its frontal and right 

pawn, and – in a second session – pulled the same string but now with its teeth. Can the 

teeth pulling be defined as caused by the drive reduction effect expected by the Law of 

Effect? Is that even the same behavior we are talking about? 

The problem with strict definitions of S and R, such as the one just discussed, as 

they apply to learning new behaviors were pointed out by critics of the Conditioned 

Reflex Doctrine (Kohler, 1925; Koffka, 1935; Tolman, 1937; 1948), but what did 

Thorndike offer to deal with this challenge instead of specific S-R relations? The answer 

again is twofold. First, "every response or change in response of an animal is then the 

result of the interaction of its original knowable nature and the environment" (Thorndike, 

1911, p. 256). This means that all actions performed by the animal are derived from the 

scope of actions nature has sculpted it to perform. The second feature is that the change 

in this original action is caused by the environment as the action can produce different 
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outcomes that operate on animal behavior by the means of the Law of Effect (Thorndike, 

1911). 

The thing with hedonic drives is that it assumes that all behavior that is subject to 

non-reflexive control, is sensitive to sudden variations at the hedonic value of certain 

stimuli. A cat inside the puzzle-box can behave inside the box in different ways, but it 

would rather be exploring the environment instead of actively seeking to get out of it. By 

solving the puzzle-box, an association between the cats’ action and its consequences is 

established in a way that, when the cat is put inside the box in the future, the puzzle-box 

would acquire aversive properties. The aversive box would then stamp-in the actions that 

allows the animal to escape from it, and stamp-out the actions that keeps the animal inside 

of it (Thorndike, 1911; Tolman, 1932). This account of how new behavior emerges from 

the exposure to a problem-solving situation assumes that all stimuli have or acquire 

hedonic value (appetitive or aversive) correlated to a single response, and that all new 

behaviors are intentional and, ultimately defined by its intentions or outcomes. .  

2. The Insight 

Gestalt Psychology was inaugurated in 1912 by the publication of Max 

Wertheimer’s thesis Experimentelle Studien über das Sehen von Bewegung (translated to 

english as Experimental studies on seeing movement; Wertheimer, 1912). In this 

publication Max Wertheimer described the phi phenomenon. The phi phenomenon 

describes the psychophysical conditions that produce the illusion of movement between 

two or more visual stimuli. Although the phenomenon was discovered more than a 

century before Wertheimer’s work (Wertheimer, 1912), he understood that this 

phenomenon was an evidence of how top-down processes can regulate our understanding 

of our environment by what he called a Gestalt perception. Gestalt is a German word for 

a unity of configuration. When applied to psychology, the phi phenomenon reveals that 
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the way we react to the empirical world is by making sense of it by means of Gestalt 

segments, i.e., a grouped and bounded set of elements that affect behavior as a single 

unity. Instead of segmentation and reduction of stimuli and responses to tiny, meaningless 

physical parts, the Gestalt theory of perception is based on complex units composed by 

many, but meaningful, units. However, these many parts would, in fact, operate as a single 

field or configuration affecting behavior by its significance in terms of representation of 

the external world. 

An important characteristic of gestalt perception is that it was conceived as a basic 

process. The idea of representation in analytical-introspectionist psychology was 

described as a higher process only accessible by consciousness and under the scrutiny of 

specific training (Wertheimer, 1912). Instead, the phi phenomenon reveals how the 

attribution of significance to a configuration or Gestalt was defined as a basic fundamental 

truth (Koffka, 1935). Another characteristic of gestalt perception is that – since it 

demonstrates the reaction to a set of stimuli as one configuration, Gestalt perception does 

not assume a physical-to-psychical one-to-one identity theory of reality (Tolman, 1933; 

Epstein & Hatfield, 1994). Physical-to-psychical identity theory is the assumption that 

for every sensory event in the empirical world, there is a mental representation of this 

event, one-to-one. And the assimilation of complex events and processes is required for 

the processing of every basic component of such event or process. For instance, this 

assumption argues that for one to understand that an earthquake is shaking a forest 

observable at the horizon, first it would be necessary to detect every tree on the 

foreseeable horizon. 

The demonstration of phi phenomena showed that no isolated presentation of each 

stimulus could produce the perception of movement, and that it could only be perceivable 

when their presentation was made under a specific range of inter-stimulus timings such 



64 
 

that the observer automatically perceives the two blinking stimuli as one stimulus in 

motion. In this scenario, interpreting the two flashing lights as a single moving light is a 

better interpretation of the event, since it maps onto real world perceptions produced by 

moving stimuli. This and related Gestalt phenomena reflect our understanding of these 

situations in terms of organization, symmetry, simplicity, and regularity. The illusion of 

movement is a feature ascribed to the Law of Prägnanz (Koffka, 1935; Köhler, 1967) or 

Good Figure. 

Kurt Koffka and Wolfgang Köhler were subjects of some of Wertheimer’s 

experiments and became important scientific partners and enthusiasts of gestalt principles 

(Hatfield, 2012). After spending almost seven years at the research station of the Prussian 

Academy of Sciences on the Island of Santa Cruz de Tenerife, Spanish territory off the 

coast of Africa, Wolfgang Köhler came back to German European territory and published 

his Intelligenzprüfungen an Anthropoiden (translated to English as The Mentality of Apes; 

Köhler, 1917) describing his observations on intelligence in great apes (e.g., chimps) 

when solving problems.   

When Köhler first noticed one of his Chimps (named Sultan) piling a few boxes 

to reach a banana suspended out of reach above his enclosure, he called it Einsicht, the 

German word for intelligence, discernment, and knowledge, but was translated to English 

as “insight”. Köhler’s insight was defined as a sudden change in awareness of the solution 

to a problem. Köhler promulgated his findings as evidence against the narrowness of early 

associative psychology embodied by John Watson’s behaviorism (Watson, 1913; 1914; 

1924) and Thorndike’s Law of Effect. In Kohler’s view, insight was caused by shifts in 

Gestalten (the German plural of Gestalt) or the broad perception and representation of an 

environment. Insight would be an expression of one's comprehension of its environment 

in a way that it not just behaves, i.e., perceive and act upon its environment, but also 
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comprehend the dynamic of its behavior and knowledge of why it is performing this 

behavior. This suggestion was made by Koffka ("we do not only act, but we know why 

we act"; Koffka, 1935, p.382) and Kohler ("Not only the result is experienced, but also 

very much of its 'why'"; Kohler, 1929, p. 372).  

But these new results or acts do not arise from nothing. Instead, they come from 

the generalization from previous experience, a process very much favored by the 

Gestaltists. This transpositional feature of gestalt perception and of insight would be 

derived, according to Koffka (1935), from the fact that a current field (i.e., the gestaltic 

perception of a present environment) is comprised by broader fields or Gesltalten. Koffka 

(1922; 1925) used the term Gestalt-disposition to describe how tendencies of behavior 

emerge from gestalt perceptions. Koffka's reflection explained how generalization of 

perceptual features from one context to another could affect new behavior (Koffka, 1925; 

1935). In other words, he tried to explain how perception could change behavior by 

modulating motivational features of behavior by transference from previous learning. The 

question that remains is whether gestalt psychology has ever demonstrated the conditions 

necessary to produce this generalization. The simple answer is no. Transfer of learning in 

a controlled setting, like those observed in Kohler's insight experiments with non-human 

primates, and the contingencies which facilitate the emergence of insight were never 

ultimately described. 

During his time spent in research in the Canary Islands, Köhler (1917) performed 

many experiments with the chimpanzees that were kept in captivity in the research facility 

of the Prussian Academy of Sciences. Among these experiments, one became notorious 

for the importance of its findings and its implications to the theory of psychological 

science. The experiment involved the sudden combination of two sticks as evidence of 

tool fabrication and problem-solving in Apes (Kohler, 1917; Windholz, 1984; 1985). In 
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his book on The Mentality of Apes, Kohler described how a chimp named Sultan 

combined two hollow sticks of wood into one longer stick, by inserting the narrower stick 

into the opening of the wider stick, to reach a piece of food that was out of reach of either 

stick along. The sudden combination of the tools – as described by Kohler (1917) – were 

explained as a sudden change in Sultan's field or gestalt perception; the insight.  

The evidence of insight was latter replicated in total or in parts (Spence, 1938; 

Pechestein & Brown, 1939; Birch, 1945; Harlow, 1951; Schiller, 1952), but these 

replications revealed part of the learning constrains to the emergence of this insight 

solution in one hand, but failed to demonstrate the associative processes that led to the 

sudden changes of behavior on the other hand. 

The impact of insight evidence on psychology and behavioral sciences was huge, 

due to its implications to learning theory. Tool fabrication is a means- ends phenomenon 

which demonstrates – to some extent – a comprehension of the dynamic of a certain 

environmental circumstance (Kohler, 1917; Tolman, 1933; Koffka, 1935). If this 

comprehension emerges abruptly from one’s sudden change in perception. Köhler’s put 

decades of S-R research based on William Ockham’s Razor (or the Principle of 

Parsimony) and Morgan’s Cannon (Morgan, 1903) in check for its implications for 

animal research. 

In different species, the emergence of novel behaviors based on generalization of 

learning were described. Yet, such instances of generalization seemed to build off of a 

history of prior learning (Birch, 1945; Harlow, 1951), rather than resulting from the 

sudden change in behavior to the correct solution. Instead, behaviors in novel situation 

ran the spectrum from sudden to gradual emergence, varying from individual to 

individual (Spence, 1938; 1940).  
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In its early years, insight was considered a sudden shift in attention due to novel 

physical or symbolic representations (or Gestalten; Köhler, 1938). Epstein and his 

colleagues demonstrated that insight could be observed in pigeons, and that it involved 

an automatic chaining of directed behavior dependent on specific learning histories 

(Epstein, 1985; 1987; 2015; Epstein, Kirshnit, Lanza & Rubin, 1984).  

 Epstein and his colleagues taught two behaviors to pigeons (Epstein, Kirshnit, 

Rubin & Lanza, 1984). The firs behavior (Training 1) was to displace a box toward a 

green spot located on the wall of a conditioning chamber. This was done by reinforcing 

the pigeon with food every time they moved the box to the spot. The second behavior 

(Training 2)  was to climb a box that was fixed to the ground and peck a plastic toy banana 

suspended above the box from the ceiling of the chamber. Each time the pigeon climbed 

on the box and pecked at the toy, it received the same kind of food reinforcement used 

during Training 1. After both trainings, the animals were exposed to a new environmental 

configuration, the problem. The new configuration consisted in the same box with the 

movable box, but instead of  been far from the green spot, it was far from the suspended 

toy. That is, the green spot was absent and replaced by the suspended banana, so the 

stimulus that controlled pushing the box on Training 1, and its location was changed for 

the stimulus that controlled climbing in Training 2. All three pigeons spontaneously 

solved the task by moving the box toward the banana and then climbing the box and 

pecking at the banana (Epstein, Kirshnit, Lanza & Rubin, 1984). Just as Sultan did in 

Kölher’s experiment (Kohler, 1917). 

Epstein, et. al. (1984) conducted some variations of the training just described 

with different pigeons: (1) two pigeons went through Training 1, but no Training 2; (2) 

two went through Training 2, but no Training 1; (3) two learned to push the box to the 

spot (Training 1), and peck the toy, but not to climb the box; (4) two learned to climb the 
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box and peck the toy (Training 2), and to push the box, but not to a specific target (i.e 

there was not spot or other stimulus to push the box “forward to”). None of the pigeons 

from those training solve the problem. 

 To explain his findings, Epstein et al. attributed the insight behavior to two 

behavioral processes: the functional generalization of the box as an object to reach higher 

locations, and the summation of responses modulating the directed displacement of the 

box (Epstein, Kirshnit, Lanza & Rubin, 1984). 

Starting with the latter, summation of responses is the phenomenon in which the 

presence of two or more stimuli paired with the same reinforcer are capable of producing 

more robust performances (higher in frequency, magnitude and/or with lower latencies) 

(Wikler, 1973; Aydin & Pearce, 1997). Epstein, Kirshnit, Lanza and Rubin (1984) 

suggest that this process would play a role in insight by considering that the summation 

of pecking toward the banana (i.e., the cue) leads to a reduction of expectancy for the 

pecking the banana (i.e., the reinforcer) by getting progressively closer to the banana . 

Neves-Filho and his colleagues adapted one of Köhler's experiments where 

capuchin monkeys were faced with a problem whose solution required them to link two 

tools and use the new combined one to reach a reward. The capuchin monkeys were able 

to solve the problem by the sudden creation of a new tool (Neves-Filho, Carvalho-Neto, 

Taytelbaum, Malheiros & Knaus, 2016). An investigation in rats by the same research 

group demonstrated the emergence of an automatic chain of digging and climbing toward 

a reward. Showing that the rats can perform insight in a problem situation where they lose 

visual contact with the target (Neves-Filho, Dicezare, Martins-Filho & Garcia-Mijares, 

2016; Neves-Filho, Stella, Dicezare, & Garcia Mijares, 2015). These two findings 

demonstrate that no progressive closeness to the target is required to produce insight. 
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Epstein’s first hypothesis is more challenging to explain. Epstein did not offer a 

definition for functional generalization (Epstein, 2015; Epstein, Kirshnit, Lanza & Rubin, 

1984). However, in his use of the term, he cited Bruner, Goodnow, and Austin’s (1956) 

book A Study on Thinking. In this book, functional generalization is said to be involved 

in fulfilling a task requirement by reacting to a new stimulus as one should react to a 

known stimulus (Bruner, Goodnow & Austin, 1956). Functional generalization differs 

from semantic generalization given that the latter is driven by similarities in two stimuli 

in their meaning. Both functional and semantic generalization definitions are supported 

by other sources of the time (Razran, 1939; 1961; Butler, 1964). Epstein (Epstein, 2015; 

Epstein, Kirshnit, Lanza & Rubin, 1984) did not explicate their use of the concept of 

functional generalization and how it explains his findings. Nevertheless, functional 

generalization is one among other labels referring to a behavioral process that might play 

a relevant role on Epstein’s findings: secondary or mediated generalization (Hull, 1943; 

Urcuioli, 2008). Thus, we return now to elaborate on the process of stimulus equivalence 

and mediated generalization that we first raised a few paragraphs ago, and how it can 

apply to Epstein’s insight task. 

3. Mediated Generalization and Stimulus Equivalence 

Secondary or mediated generalization (we’ll use the term “mediated” for the 

remainder of the essay) consists of a process that arises from stimulus equivalence, first 

demonstrated by Clark Hull (Hull, 1943), Walter Shipley (Shipley, 1933; 1935), and 

many others. Mediated generalization can be contrasted with primary or simple 

generalization, which is mediated by physical similarity, such as when a pigeon that has 

been reinforced for pecking at a red light or horizontal line will generalize pecking to an 

orange light or an oblique line 10 degrees off from horizontal, but not generalize pecking 

to a blue light or vertical line (Sutherland & Mackintosh, 1971). Mediated generalization, 
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on the other hand, is based on shared associations between two elements and an outcome 

(Hull, 1943; Urcuioli, 2008) or by relational learning (Wasserman & Castro, 2012, Katz 

& Wright, 2006; Zentall, Wasserman & Urcuioli, 2014). For instance, when a pigeon 

pecks a 3D object after having been trained to peck at a photograph of the same object, 

one can argue that this behavior indicate that the pigeons learned to behave under the 

control of what the photography is about instead of the photography itself (Herrnstein, 

Loveland & Cable, 1976). or mediated associations are the type of relations that describe 

this pattern of behavior where one can behave toward a new stimulus under the control 

of its function or an abstract concept derived from previous learning (e.g. the idea that the 

photography were ‘pictures of” instead of the photography as an object itself; Herrnstein, 

Loveland, & Cable, 1976). 

Mediated generalization is driven by functional similarities and it is implicated in 

a variety of behavioral phenomena. Mediated generalization has been demonstrated to 

modulate the occurrence of categorial learning for complex stimulus discrimination such 

as differentiating between paintings from cubism and impressionism (Watanabe, 

Sakamoto & Wakita, 1995). After been trained to discriminate paintings from Picasso 

from paintings from Monet, pigeons were capable to generalize the previous learning 

toward a new painting from both artists (i.e., primary or simple generalization). However, 

pigeons trained with Picasso’s paintings as discriminative stimulus had high response 

ratios toward Braque’s and Matisse’s paintings (i.e., other artists with cubist paintings). 

Meanwhile, the ones trained under Monet’s paintings as discriminative stimulus, 

responded toward Renoir’s and Cezanne’s paintings as well suggesting the formation of 

a categorial learning for the complex visual patterns of impressionist paintings 

(Watanabe, Sakamoto & Wakita, 1995). 
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In a two-item same/different task, where pigeons were exposed to a situation 

where they were supposed to peck a picture for 'same' and a white rectangle for 'different' 

after been exposed to a model stimulus, pigeons were capable to learn abstract categories 

such as 'same as model' or 'different from model' by generalizing previous learning from 

conditional discriminations to novel pairs of stimuli (Katz & Wright, 2006). Also, 

Investigations exploring different strategies used by pigeons to behave in matching to 

sample (MTS) tasks showed that they can mix logical 'if-then' with configural learning to 

solve the MTS task (Katz, Bodily & Wright, 2008).  

4. Mediated Generalization and Insight 

Epstein’s Insight relies on one’s capacity to abstract a functional category (e.g., 

move a box to a target, dig to reach the other side, join stick to reach further distances), 

and this functional or mediated relation seems to rely on mediated generalization such as 

other observations of semantic relations and categorial learnings (Watanabe, Sakamoto 

& Wakita, 1995; Katz, Bodily & Wright, 2008; Zentall, Wasserman & Urcuioli, 2014).  

The idea that mediated generalization plays a role in how one discriminative 

stimulus (S₁) transfers its function to others (S₂) in Epstein’s insight task requires testing. 

It is necessary to test the contextual control that produces the emergence of insight. 

Testing the discriminative control underpinning insight can also offer a framework to 

understand why insight is a direct (i.e., it occurs under the control of a contingency, the 

‘goal’ in a problem situation) and requires less behavior variability, when contrasted with 

trial-and-error strategies. 

Investigations on insight as an automatic chain of directed behavior are based on 

evidence from three experimental paradigms, all of them converging on having mediated 

generalization as the emergent and novel feature of insight. The first one is the box 

displacement test I described when mentioning Epstein’s work. His findings were 
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replicated in three species of bird, pigeons (Neves-Filho, Assaz, Dicezare, Knaus & 

Garcia-Mijares, 2020), rooks (Bird & Emery, 2009), and crows (Neves-Filho, Knaus & 

Taylor, 2019). Epstein’s Insight is based on the automatic chain of two behaviors, that is, 

to displace the box toward the target and to climb it to reach the target (Epstein, 1985; 

1987; Epstein, Kirshnit, Rubin & Lanza, 1984). After reframing Epstein’s idea of 

functional generalization as mediated generalization, one needs to reanalyze the 

contingencies affecting birds’ performing the test. 

After been trained in two instrumental behaviors, the animals were exposed to the 

testing situation where they could produce a food reward if they displace the box inside 

the chamber to reach a target (Epstein, Kirshnit, Lanza & Rubin, 1984; Bird & Emory, 

2009). A directed performance emerges, and the animals displace the box adjusting its 

trajectory toward the target they were supposed to peck to produce food (Epstein, 

Kirshnit, Lanza & Rubin, 1984; Bird & Emery, 2009). This directedness is one evidence 

for the emergent discriminative control played by the target upon the directed 

displacement. The emergence of this novel discriminative control is what is new in insight 

behavior. Perform the displacement toward a target is not new. After the box reaches the 

point right below the target, animals are also under familiar contingencies. The only thing 

the is new in Epstein’s insight is that his pigeons could react to the target (the plastic 

banana shaped toy) as they previously reacted to the spot (i.e., by displacing the box 

toward it). 

We argued that this emergence is caused by mediated generalization (Hull, 1943; 

Urcuioli, 2008). Mediated generalization consists of a transference of function between 

two stimuli after they have been paired with the same reinforcer (Urcuioli, 1996; Ward-

Robinson & Hall, 1999). If a CS₁ is previously paired with CS₂, and CS₃ is paired with 

CS₂, then one can observe the emergence of a functional equivalence between CS₃ and 
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CS₁ (Hull, 1943; Shipley, 1933; 1935). In instrumental learning, if an S₁ was reinforced 

by the same consequence as S₂, then both can discriminate the same response 

interchangeability (Urcuioli, 2008; Zentall, Wasserman & Urcuioli, 2014). It is mine 

understanding that Epstein’s findings represent an example of this kind of functional 

generalization in a situation involving instrumental learning. 

The novel directional performance of insight behavior in Epstein’s insight task 

emerges when a common reinforcer, controlling two discriminative stimuli (S₁: the box, 

Conditioned Reward: the spot; S₂: the box, Conditioned Reward: the target) makes S₁ and 

S₂ members of the same functional class of stimuli (Hull, 1943; Urcuioli, 2008). As 

members of the same class, any of the stimuli can function as both a conditioned 

reinforcer for the responses that produce them, and a discriminative stimulus for the 

contingencies where the other members of the class were trained (Skinner, 1953; Sidman, 

2000). I suggest that the emergence of this equivalence class is what makes the 

‘box+target’ to control the box displacement. This control is what defines the ‘directed’ 

component of insight. 

A second relevant feature is the “automatic” in automatic chain of behavior. 

Insight is said to occur in a sudden or automatic way (Epstein, 2015; Kounious & Beeman, 

2014). For instance, it is a feature that differentiate insight from trial-and-error attempts 

of problem-solving (Kounious & Beeman, 2014; Thorpe, 1956). Insight is a solution that 

come along with less behavior variability within the testing situation and a sudden shift 

in performance changing from 0 (no solution) or 1 (effective solution) (Epstein, 2015; 

Köhler, 1952; Kounious & Beeman, 2014). These differentiate insight curves from typical 

learning curves of instrumental conditioning, as the latter starts with more behavior 

variability and higher latencies to solution and progressively reduces both features 
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throughout one’s re-exposition to the same contingency (Bird & Emery, 2009; Köhler, 

1952; Epstein, Kirshnit, Rubin & Lanza, 1984). 

In Epstein’s insight task, the mediated generalization may mediate the formation 

of a functional equivalent class of stimulus (Zentall, Wasserman & Urcuioli, 2014; Hull, 

1943) containing the stimuli associated with the box during training (i.e., the spot and the 

banana). Stimulus equivalence is the feature of two or more stimuli to share same 

functional properties, i.e., to control the same behavioral response. The term took the 

center of the stage during the 1930’s and 1940’s among the investigations about 

secondary generalization (Shipley, 1933; 1935; Hull, 1939; 1943). After two Pavlovian 

conditionings in humans, pairing a light (A) with an eye wink (B) and this eye wink (B) 

with a finger withdraw (C), a test revealed that the light (A) elicited the finger withdraw 

(C) by which was called an implicit learning (Shipley, 1935), or simply secondary 

generalization (Hull, 1943). Evidence of emergent categorial learning in non-humans are 

vast and it can be produced by both classical and instrumental conditioning (Lin, 

Dumigan, Recio & Honey, 2017; Zentall, Wasserman & Urcuioli, 2014). 

In Epstein’s insight task, the test presented a new situation in which the presence 

of the banana toy can elicit the box displacement toward itself (Bird & Emery, 2009; 

Epstein, 1985; 1987; Epstein, Kirshnit, Rubin & Lanza, 1984; Neves-Filho, Assaz, 

Dicezare, Knaus & Garcia-Mijares, 2020). This shows that the banana toy acquired the 

same discriminative function as the spot (i.e., they are both members of a stimulus 

equivalent class controlling the directed box displacement). As both the box (A) and the 

spot (B) were paired with the same reinforcer (i.e., the food; C), they both share a common 

S-S relation, with both becoming part of a class of equivalent stimuli mediated by their 

conditioning (A-C and B-C) during the instrumental training. As analogous to what was 

observed in secondary generalization, insight reveals that this transitive relation (A-B) 
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emerges without training due to its mediated or contingency history. Since this 

transference is mediated by a common reinforcer (i.e. food), it indicates that Epstein’s 

test is a test of transitivity. 

Additionally, mediated generalization explains the results of Cook and Fowler 

(2014). Using the same box displacement task, Cook and Fowler (2014) added a second 

test after the insight test with two displaceable boxes (one useful for climbing and 

reaching the target, and the other useless for structural instability when climbing upon it). 

Their animals did not differentiate between boxes, moving one of them or the other 

interchangeably (Cook & Fowler, 2014). The mediated generalization hypothesis 

considers that in its first test, one can observe the emergence of the equivalence class of 

stimuli related to the reinforcer in the animals that solved the test accurately. In the second 

test, with two boxes (Cook & Fowler, 2014), the animals reacted to both boxes due to 

their physical similarities, that is, due to simple/primary generalization (Sutherland & 

Mackintosh, 1971). Cook and Fowler (2014) test with two boxes may not be evidence of 

means-end process, but it is evidence of primary generalization between the two boxes. 

The directional displacement and the further attempts of climbing the new box show that 

one reacts to it as it were the familiar box, revealing the emergence of an identity relation 

between the new and the old box, which is part of the evidence supporting the formation 

of an equivalent class (Zentall & Urcuioli, 1993; Urcuioli, 2013). 

The final evidence supporting insight as function of stimulus equivalent classes 

refers to a reversable feature: symmetry. If trained under a condition where A predicts B, 

one must derive that when presented to B, A should come next. In matching to sample 

tasks, this feature is easily tested through conditional discriminations in which A is trained 

as a conditional stimulus for the discriminative stimulus B, and where the emergence of 

the response to A is tested as discriminative when exposed to B as its conditional (Sidman, 
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1994; 2000). This reversibility between A and B is called symmetry (Sidman, Rauzin, 

Lazar, Cunningham, Tailby & Carrigan, 1982; Zentall & Urcuioli, 1993) and has been 

vastly documented to spontaneously emerge under this kind of training not just in 

humans, but also in non-human animals and especially among pigeons (Urcuioli, 2015). 

The digging and climbing paradigm offer a way to test insights symmetry using a reversal 

learning test.  

As stated above, the Epstein’s test is a transitivity test. In the digging and climbing 

paradigm, this test consists of digging toward the opposite side of an experimental 

chamber, reaching a ladder, and climbing it to reach a platform where the food is. A 

situation where a rat is placed on the platform and the food is on the other side would 

request the animal to use the ladder to reach the nearest place where it can dig toward the 

opposite site and reaches the food. The interchangeability of these two situations is 

evidence for the symmetry of insight and it is still a process open to empirical test. 

To state that Epstein’s insight requires a stimulus equivalent class does not imply 

that the species in which this behavior was observed one should find stimulus equivalence 

of arbitrary stimulus-stimulus relations. The directional component of the instrumental 

trainings that all animals had to undergo before showing insight clarify the differences 

between these two types of stimulus equivalences. In one hand, conditional 

discriminations using matching to sample (MTS) paradigms were shown to produce 

arbitrary stimulus equivalence in humans and, at least partially, in non-human animals 

(Urcuioli, 2008; 2015). In the other hand, Epstein’s insight requires a contingency based 

effect during the instrumental training for the mediated generalization to occur. For 

instance, the pigeons had to learn to displace a box to spot (original target), before they 

could displace it to a plastic toy (the new target). Even performing digging naturally, rats 

had to be trained in a condition where they were supposed to dig toward a target (i.e., a 
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bottle cap with a piece of food) so they could dig toward a new target (i.e., reach the 

ladder on the other side of the chamber). This means that Epstein’s insight seems to fit 

the three properties of stimulus equivalence: reflexivity, symmetry, and transitivity 

(Sidman, 1994; 2000; Urcuioli, 2008). 

5. Possible critics and their counterarguments and evidence 

To elucidate the explanatory power of this hypothesis, it is necessary to address 

some evidence that may seem to challenge it on a first glance. Neves-Filho, Knaus and 

Taylor (2019) found that crows combine up to six different behaviors in one chain to 

solve a problem, even when those trainings were structured with different rewards (i.e., 

food and access to new environment). If mediated generalization is mediating the 

stimulus equivalence through similar rewards, this evidence should contradict this 

hypothesis at a first sight. However, a closer look to Neves-Filho, Knaus and Taylor 

(2019) offer a better understanding on the intricacies of their training and its effect on 

crows’ solutions. 

Captive crows were trained in four types of behaviors: stone dropping, operating 

a cloth door, choosing between two boxes, and opening the cloth door to gain access to a 

new environment (i.e., crossing between cages), in this sequence (Neves-Filho, Knaus & 

Taylor, 2019). The first three were trained using food as a reward. The fourth was trained 

using the access to a second environment by a similar door mechanism used during the 

training of “operating a cloth door” behavior. This variant reinforcer was already a 

conditioned reinforcer related to the food and, thus, it shared a conditioning history with 

it (Neves-Filho, Knaus & Taylor, 2019). Therefore, the early stages of the “crossing 

between cages” training was already counting with a transference of stimulus function to 

perform as a conditioned reinforcer. This way crows’ emergent performance fits the 

mediated generalization just as Epstein’s pigeons (Epstein, 1985; 1987), but using a 
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training that assumes a well-known conditioned transference of function between a 

reinforcer and its discriminative stimulus (Hull, 1943; Skinner, 1953; Lin, Dumigan, 

Recio, & Honey, 2017).  

Two other tasks were used to test Epstein’s insight in non-human animals. The 

first task is the tool manufacturing of a rack out of two components (Köhler, 1952; Neves-

Filho, Carvalho-Neto, Taytelbaum, Malheiros & Knaus, 2016). This task is a variation of 

Köhler’s seminal work on insight (Köhler, 1952) and it consists of two separate trainings, 

the use of a short rack to reach a piece of food inside a small vessel placed in a certain 

distance D from one side the animal’s cage wall, and a second behavior of connecting 

two sticks (rewarded with food) (Neves-Filho, Carvalho-Neto, Taytelbaum, Malheiros & 

Knaus, 2016). The test consisted of putting the food far enough so the monkey could not 

reach it using neither the rack nor the stick (Neves-Filho, Carvalho-Neto, Taytelbaum, 

Malheiros & Knaus, 2016). Instead, they could combine one stick and the rack to extend 

the range of the rack and thus reach the food (Neves-Filho, Carvalho-Neto, Taytelbaum, 

Malheiros & Knaus, 2016).  

Regarding generalized tool use in an tool-based insight test, the mediated 

generalization hypothesis predicts that, the instrumental training produces a new class of 

stimulus created by combining previous tool-uses in one class of stimulus (Hull, 1943; 

Urcuioli, 1996; 2008). In this case, animals behave toward the rack as if it were another 

stick (transference of function). By using the rack as it were just another stick (Neves-

Filho, Carvalho-Neto, Taytelbaum, Malheiros & Knaus, 2016), one is connecting 

response is being partially under the control of one stick (trained relation) and the rack 

(emergent relation). The test reveals the formation of a stimulus equivalent class between 

the rack and the sticks. The new combined tool is used for its functional similarities with 

the rack.  
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The last and most recent task exploring insight does not require tool use, and it 

consists of rats crossing a barrier by digging under a barrier to get from one compartment 

of a chamber to another that contains a ladder that provides access to a food reward 

(Araújo, Prata-Oliveira, Nascimento-Júnior, Pessoa-Neto, Monteiro & Tatmatsu, 2020; 

Teixeira, Maciel, Silva, Oliveira & Tatmatsu, 2020; Neves-Filho, Dicezare, Martins-

Filho & Garcia-Mijares, 2016). After being trained on digging toward food, and to climb 

a ladder toward food, animals are tested in a new chamber to assess the emergence of 

insightful behavior that combines both of those behaviors. In this paradigm, the ladder 

that was trained to control the climbing behavior acts as a conditioned reinforcer and 

appears to elicit digging behavior during the insight test (Neves-Filho, Dicezare, Martins-

Filho & Garcia-Mijares, 2016). Recent investigations showed even stronger evidence 

supporting the role of the ladder controlling the position where the digging is produced 

during insight test by changing the position of the ladder and finding changes in the 

typical position of the digging (Knaus et al., 2021). This results appear to support that 

there is a transference of learning that facilitates the ladder to partially control digging 

behavior. The processes underlying this transference remain open to further evidence, test 

and debate. 

6. Final Thoughts 

The modulation of insight by mediated generalization expands the range of 

empirical exploration of Epstein’s insight task due, moving the theoretical and empirical 

debate from focusing on sequences of behavior (Araújo, Prata-Oliveira, Nascimento-

Júnior, Pessoa-Neto, Monteiro & Tatmatsu, 2020; Neves-Filho, Dicezare, Martins-Filho 

& Garcia-Mijares, 2016) to the measurement of acquired equivalence and behavioral 

variability, and on how the formation of a stimulus equivalence class can expand the 

behavioral repertoire of the subject (Araújo, Prata-Oliveira, Nascimento-Júnior, Pessoa-
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Neto, Monteiro & Tatmatsu, 2020; Cook & Fowler, 2014; Neves-Filho, Knaus & Taylor, 

2019).  

Finally, this hypothesis advances our definition of and conceptual understanding 

of insight behavior. This new framework can spur further investigation of the differences 

in contextual control that can emerge from insight. Further tests exploring the conditions 

that favor the emergence or hinders insight should lead to a better characterization of how 

prior training history predicts behavior on the insight task must be done. A non-exhaustive 

list of these tests comprises investigations on the role of the directional component of the 

instrumental learning have on the stimulus equivalence formation, and the role of 

concurrent discriminative stimuli on the observation of insight. 

The mediated generalization hypothesis also moves the discussion away from 

topographical (i.e. structural) characteristics of behaviors (e.g. to speculate about whether 

the pigeon or the rat need to experience a period of confusion prior to the emergent 

solution (Epstein, Kirshnit, Lanza & Rubin, 1984; Neves-Filho, Stella, Dicezare & 

Garcia-Mijares, 2015) to a functional approach of insight based on the test of its basis in 

psychological mechanisms, such as associative learning, associative generalization, and 

principles of reward. This final contribution offers a better comparative mainframe for 

understanding insight and may shed light on its use as tool in education. 
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Chapter 04 

Title: Reinforcement Learning, Cue-control and Insight 

Introduction 

Problem-solving is a task or situation that gives access to a reward when 

performing one or few specific responses (Thorpe, 1956; Dunbar, 1998). Insight is one 

way of solving a problem without spending time and energy exploring the environment 

and the conditions of a problem (Thorpe, 1956; Dunbar, 1998). Instead, it is a sudden and 

direct way to solve a problem (Epstein, 2015; Köhler, 1952; Kuo & Knoblich, 2007). 

However, insight is a term that does not describe a unique behavioral process (Dunbar, 

1998). 

Among different tasks, Köhler observed how chimpanzees performed in problem 

situations. Many of Köhler's subjects solved the problems that they were subjected to 

using trial and error strategies (Köhler, 1917). Very few of his animals performed the 

solutions in a sudden and direct way. Köhler called this sudden and goal-directed change 

as insight behavior. Köhler considered the apes insight performance as product of a 

sudden shift on their ‘configural representation’ of their environment (Köhler, 1952). In 

other words, Köhler considered that the chimpanzes created a new Gestalten perception 

(i.e., a new representation of its environment highlighting its relevant features; Köhler, 

1938).  

Further investigations revealed that apes performing in Köhler’s tests depend on 

developmental variables (e.g., on age and play behavior; Schiller, 1952) and on previous 

learning history (Birch, 1945; Harlow, 1951). In other animals, variations of Köhler’s 

tests showed that insight in problem solving-situations can occur in multiple taxa (e.g., 

pigeon (Bird & Emery, 2009), crows (Cook & Fowler, 2014; Neves-Filho, Knaus & 

Taylor, 2019), elephants (Foerder, Galloway, Barthel, Moore III, Reiss, 2011), capuchin 
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monkeys (Neves-Filho et al., 2014), and rats (Neves-Filho et al., 2015). However, insight 

is deeply rooted in individual learning history and in the cue-control presented in the 

problem situation in all these species. 

On its early days, Epstein’s insight (Epstein et al., 1984) was based upon a tool 

use task that adapted the task used by Köhler with his apes in the Canary Islands (Köhler, 

1917/1952). A pigeon had to move a box toward a target, climb upon it and reach the 

target to activate the feeder inside a modified operant chamber (Epstein, Kirshnit, Lanza, 

& Rubin, 1984). What Epstein findings revealed is that this insight behavior does not 

simply emerge through trial and error, but it relies on a specific learning history (Epstein, 

Kirshnit, Lanza, & Rubin, 1984; Epstein, 1985; 1987; 2015). After been trained on 

moving the box toward a target located at various places and after learning to climb that 

box a peck a plastic hanging from the top of the box (when the box was placed below it), 

the pigeons were placed in a situation where the box was put far from the plastic toy 

(Epstein, Kirshnit, Lanza, & Rubin, 1984). After a while, the pigeons push the object 

towards the plastic toy, and when it reached the place right below the toy, they climbed 

the box and pecked the toy. This performance was described as insight behavior by 

Epstein and colleagues (Epstein, Kirshnit, Lanza, & Rubin, 1984; Epstein, 1985; 1987). 

For thirty-three years, Epstein’s insight was only investigated through the box 

displacement task (Epstein, Kirshnit, Lanza, & Rubin, 1984; Epstein, 1985; 1987; 2015). 

However, in 2015, Neves-Filho and colleagues demonstrated the same process using a 

simpler task that does not require tool use (Neves-Filho, Stella, Dicezare & Garcia-

Mijares, 2015; Neves-Filho, Dicezare, Martins-Filho & Garcia-Mijares, 2016). Rats, 

placed in a modified hamster chamber, were presented with a task where the animals have 

to dig into wood shavings, find and go through a crack in a wall, go to and climb a ladder, 
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and walk on a platform to gain access to the reinforcer. (Neves-Filho, Dicezare, Martins-

Filho & Garcia-Mijares, 2016).  

In brief, Neves and colleagues (Nees et al., 2016) evaluated the effects of 

successive and concomitant training on the recombination of digging and climbing 

repertoires. In this investigation, the authors found that concomitant training in the two 

instrumental behaviors facilitated the emergence of insight into a scenario that required 

digging into an reachable underground tunnel when the animals excavated the shavings 

covering the tunnel. These results demonstrated that, although based in behaviors that are 

commonly observed in rats (i.e., digging and climbing), the solution of the digging and 

climbing task is dependent upon behavioral training (Neves-Filho, Dicezare, Martins-

Filho & Garcia-Mijares, 2016) 

Later, a variation of the testing chamber was used to offer a better understanding 

of the allocation of the digging response along the testing session (Knaus et al, in 

preparation). However, there was still an open question around the role of the ladder in 

controlling the digging response and the impact of a different training session (crossing 

without digging) upon the pattern of solution of the digging-and-climbing problem. Those 

two manipulations may shed light on the stimulus control operating when contrasting 

insight and non-insight solutions. 

In the second chapter we demonstrated how insight-like solutions can facilitate 

the emergence of reversal learning in a variation of Knaus and colleagues’ task (in 

preparation). Rats were trained to dig toward a piece of food placed underground, and to 

climb toward a ladder to reach an elevated piece of food. One group, called insight, were 

trained in just climbing and digging behavior. Meanwhile, a second group called non-

insight received and extra training of rewarded crossing without digging. After training, 

animals from the insight group were place in the test chamber, while animals from the 
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non-insight group were placed in a modified test chamber, and just then, in the test 

chamber. The Testing chamber consisted in a modified open chamber divided into two 

sides. The animals were put in one side where they could reach one underground tunnel 

to reach the second side and then climb a platform to reach a food reward.  

After testing, all animals were exposed to a reversal test. The reversal test chamber 

consisted in the same environment as the direct test, but animals were put on the other 

side of the chamber (in an elevated platform that gave access to Quadrants 3 and 4, instead 

of quadrants 1 and 2). As they were placed in the opposite side of the ladder, animals had 

to walk down the ladder, reach quadrant 3 and then dig toward the other side to reach the 

food.  

Results from our first experiment (reported in the chapter 01) showed that the non-

insight group solved the test after spending more time and by more exploration of the 

environment when compared to the insight group. They also could not solve the reversal 

learning test they were exposed to after the direct test. Therefore, the non-insight group 

showed a non-directed solution of the test and showed no flexibility in a reversal test 

(ibdem), a performance incompatible with what one would expect from insight behavior. 

That leads to the question of what the animals of the non-insight group learned in the 

modified test chamber that disrupt the emergence of insight. 

In the present investigation we tested two variations of Knaus and colleagues in 

preparation) task based on digging and climbing behaviors. In the first experiment we 

tested the role of the presence/absence of the ladder as critical stimulus controlling the 

occurrence of the insight behavior, instead of controlling the position of the ladder on the 

problem-solving set (Knaus et al, in preparation). The second experiment tested whether 

the reward in the special session (the crossing without digging session) was a feature 



85 
 

capable of hindering reinforced and insight-related behaviors during the problem-solving 

testing. 

2. General Method 

2.1. Animals and Environment 

Twenty male Long Evans rats (Rattus norvegicus). From 90 to 150 days old and 

between 300-350g at the beginning of the experiment, was used in this experiment. The 

animals were kept under controlled conditions for temperature (23±2), humidity, and 

reversed light-dark cycle (12/12 hours with dark cycle starting at 7 a.m.). The animals 

were pair-housed with water under ad libitum regime. Two hours of food restriction 

before the behavioral sessions was used to increase animals’ foraging and the appetitive 

value for food within sessions. 

2.2. Materials and Equipment 

2.2.1. Food Reward 

Sweetened cereal flakes (Fruit Loops™ or Cheerios™) used as rewards within training 

sessions. Individual preferences between the two options was assessed during the 

handling procedure described below.  

2.2.2. Video recording and behavior analysis 

A video camera (Sea Wit® Webcam with Built-in Microphone A870 USB 2.0 HD 

12.0MP) was used to film the behavioral sessions. The Behavioral Observation Research 

Interactive Software (BORIS®) was used to analyze behavioral training and testing. 

2.2.3. Digging Chamber 

For digging training, a parallelepiped chamber (length= 45cm, width=60; height=60cm) 

was used. It is made of acrylic with two hatches (one on the side wall and other on the 

bottom) filled with pine wood bedding, see Figure 1B. A piece of food (the cereal) was 
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placed inside a vessel (a bottle lid constructed of plastic) and covered by the wood 

bedding under different depths. 

2.2.4. Climbing Chamber 

The training of climbing took place within an ALESCO™ acrylic-made home cage 

adapted with an elevated platform with an attachable rectangular metal ladder (height = 

25cm; width = 15cm), see Figure 1A. Climbing the ladder would give access to a platform 

with the food. 

2.2.5. Testing Chamber 

An open field chamber was modified to support the test requirements. The chamber was 

divided between two sides of equal size (width=70, depth=35, height=80cm each side) 

by a glass barrier. The chamber floor was covered with pine wood bedding (depth=20cm) 

in both sides. An elevated platform (width=30cm, depth=15cm, height=20cm) and a 

metal ladder (the same model as the one used for the climbing training) was placed 

together on one side of the chamber during testing sessions (see Figure 1C). 

 

Figure 5. Experimental Apparatus. A) climbing chamber. B) digging chamber. C) testing 

chamber (reproduced from the Experiment 01. 
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2.3. General Procedures 

2.3.1. Behavioral testing 01 (Pre-test) 

Pre-test: each animal was placed on one side of the testing chamber opposite to the ladder 

(right side of figure 1C). To reach the food, the rat should dig and reach the connection 

between the two sides of the testing chamber. Digging to the other side would give it 

access to the ladder and so to the platform on which a bottlecap with a piece of food inside 

it was placed. 

2.3.2. Behavioral training 

All animals received both trainings on climbing and digging. After been trained on both 

behaviors, they were sorted between two groups and half of animals underwent one 

rewarded crossing (without digging) training session before doing the direct test. 

a. Climbing: an instrumental shaping procedure was performed to 

train the animal on climbing a ladder to reach the food (reward). One piece of 

food was placed on a small window-shaped platform (width=10cm; 

height=8cm) over the ladder at a time. Each trial consisted of climbing up and 

grabbing the food. There was no inter-trial interval, despite the time for the 

experimenter to manually refill the platform. Animals were able to access up 

to 12 pieces of food per training session, one per trial. Sessions would end 

after 15 minutes or after the animal have eaten all 12 pieces of food in a 

session, whichever came first. The criteria to end the climbing training was to 

climb the ladder and eat at least 10 out of 12 pieces of food (>80%) per session 

and keeping this performance throughout three consecutive sessions. 

b. Digging: a second instrumental shaping procedure was used to 

train the animal on digging toward the food in a modified skinner chamber 

filled with wood chip bedding for rodents (depth=25cm). In each trial, four 
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bottlecaps was placed underneath the wood bedding under one of five 

different depths (0cm, 5cm, 10cm, and 15cm). Each bottlecap contained one 

piece of food. A trial consisted of digging toward every single one of this four 

bottlecap targets to reach the food. The experimenter checked whether the 

animals reached all the caps every three minutes refilling the caps every time 

until reaching the session limit of 12 pieces of food per session. Sessions could 

also be ended after 15 minutes if the animal did not reach the 12-piece limit. 

The shaping of digging required two stages of training. In the first, the animal 

should reach the bottlecaps on the deepest depths at least 25% or 3 out of 12 

trials (complexity criterion). Secondly, the animal should reach at least 80% 

of the targets (≥10) per session, during three consecutive sessions (stability 

criterion). 

2.3.3. Behavioral Testing (post-test) 

The behavioral testing (i.e., the post-test) was different for each experiment and it is 

descripted in its correspondent session (i.e., specific procedures) below on Experiment 

02 and Experiment 03. 

 

Experiment 02: Ladder presence and cue-control in insight. 

Aims 

Test the role of the presence of the ladder as cue for crossing and digging. 

Procedures and Experimental Design 

In this experiment, one group was exposed to a testing situation in the presence of 

the ladder (Ladder group, n=6), and other to the absence of it (No-Ladder group, n=6). 

The environment was the same as the pre-testing set, except for the manipulation of the 



89 
 

presence of the ladder. The chamber was set in two sides separated by the glass barrier. 

The tunnel between sides were covered by the wood chip bedding. 

Results 

Pre-test and Behavioral Training 

No animals solved the problem-solving situation in the pre-test phase. After the 

training, animals were separated in two groups, called Ladder and No-Ladder groups. The 

comparison between group showed no significant differences between the Ladder (M = 

15.67, SD = 1.33) and the No-Ladder (M = 15.50, SD = 2.50) groups for the number of 

digging sessions, f = .67, p > .43. No difference in the between group comparison was 

observed for the number of reinforcers accessed in the last five sessions of digging 

behavior whatsoever (Ladder: M = 52.33, SD = 2.33; No-Ladder: M = 53.31, SD = 3.83), 

f = .25, p > .62. There was no observed difference between groups for the number of 

sessions of climbing sessions (Ladder: M = 6.83, SD = .89; No-Ladder: M = 6.17, SD = 

0.89), f = .85, p > .37. And, finally, the Ladder (M = 56.17, SD = 3.50) and No-Ladder 

group (M = 55.67, SD = 3.33) had no significant differences for the number of reinforcers 

in the climbing session, f = .04, p > 0.83. This absence of difference is important to keep 

eventual differences on the training sessions under control when explaining insight and 

eventually non-insight solution of the testing problem. The summary of training results is 

summarized in figure 6. 
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Figure 6. Summary of data for the behavioral training. A)  Number of sessions on digging; B) Number of sessions on climbing; C) Sum of 

reinforcers consumed during digging in its last five sessions; D) Sum of reinforcers consumed during climbing in its last five sessions 
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Testing the Ladder as cue for evoking previous learning 

Test the possibility that the ladder plays a role on evoking behaviors that may have 

been directly or indirectly associated with the ladder is a quest for understanding the cue-

/contextual control operating on insight solution. The mediated generalization hypothesis 

predicts that more of the behaviors related to the ladder would be produced under its 

presence and less of said behavior would occur in its absence. Our findings indicate that 

no significant difference was observed for exploratory behavior. There was no difference 

for animals in the Ladder group (M = 36.00, SD = 14.80) and the No-Ladder group for 

the exploration of Q1, f = 0.73, p > .40. There was also no difference between groups for 

Q2 (Ladder: M = 11.80, SD = 7.36; Non-Ladder: M = 12.17, SD = 3.50; f = .06, p > .81), 

Q3 (Ladder: M = ,  SD = ; Non-Ladder: M = ,  SD = ; f = , p > ), and Q4 (Ladder: M = 

3.20,  SD = 7.36; Non-Ladder: M = 9.17,  SD = 7.50; f = 2.04, p > .18 ). Even when 

comparing the exploration of an elevated platform accessed by climbing the ladder or by 

jumping upon it (for the No-Ladder group), no significant difference was observed 

(Ladder: M = 7.81, SD = 12.48; Non-Ladder: M = 6.33, SD = 6; f < .001, p > .98). In 

summary, the ladder had no impact on the exploration of the testing chamber. These 

results are summarized in figure 7 

The general comparison on whether animals in ladder and non-ladder group 

crossed to the other side – using a Chi-Square comparison – revealed that there was no 

significant difference between groups (Chi-square = 3.0857, p = .078983, one degree of 

freedom). When specifically comparing the number of crossing and digging behavior 

altogether, no difference was observed when comparing the ladder (M = ,1,17 SD = .56) 

and non-ladder group (M= 2.33, SD = 1.22), f = 2.88, p > .12. This comparison is pictured 

in figure 7C. This result seems to indicate that the ladder per se did not increment the 

frequency of digging or crossing behavior. The specifics of individual performance, 
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describing position and relevant behavior (i.e., digging and crossing) is summarized in 

Appendix C. 
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Figure 7. Summary of Data during the test. A) Exploration of Q1; B) Exploration of Q2; C) Number of animals that crossed between sides; D) 

Exploration of Q3; E) Exploration of Q4; F) Episodes of Crossing and Digging.
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Experiment 03 

Reward and Non-Reward Crossing and the Climbing and Digging Problem-Solving. 

Aims 

The purpose of this experiment was to track the role of the contingency between 

the reward and the crossing (without digging) before the testing upon the behaviors 

related to the solution of the problem. 

 

Procedures and Experimental Design 

After finishing the two basic trainings of climbing and digging behavior, animals 

were sorted in two groups (Rwd and Non-Rwd Crossing). The Rwd Crossing was exposed 

to a situation where each animal underwent a single and short session of crossing without 

digging. The animals were placed between quadrants Q1 and Q2 and the tunnels 

connecting Q2 and Q3 were set open to cross to the other side. A piece of food was placed 

between the tunnel passage and the ladder on Q3. After crossing and reaching the food, 

the Rwd Crossing group had this session ended. The same procedure was performed for 

animals in Non-Rwd group, but without any offer of food, leaving the passage opened 

and the sessions being ended after the animals crossed with all paws from Q2 to Q3. The 

general experimental design is summarized on Table 03 and the schematics of the 

rewarded crossing session is represented in figure 8. 
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Table 03. 

Behavioral procedures and experimental design  

 Pre-test Climbing  Digging  Rwd Crossing (without digging) Direct Test 

Rwd Crossing Y Y Y Y Y 

Non-Rwd Crossing Y Y Y N Y 

Note: Climbing and Digging training will be performed simultaneously. Two training sessions per day, one on each behavior. Their order of training 

will be alternated daily, i.e., if climbing happened on one morning, the other began on the other. 
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Figure 8. Schematics of the testing sets. A) Non-Rwd Crossing. B) Rwd-Crossing.
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Results 

First, the report on this experiment includes the results of only four animals per 

group. This makes analysis of variances between group factors inappropriate and limits 

the range of inferential statistics applied here. The short number of animals investigated 

here is directly related to restrictions of acquisition of novel animals established during 

the COVID-19 pandemic. Otherwise, the results were reported as other previous findings 

discussed in the doctoral thesis. 

 

Common Instrumental Training 

The control for instrumental learning is important when investigating insight and 

problem-solving. In this experiment, we found no evidence for differences on digging 

sessions between Rwd Crossing (M = 15.00, SD = 2.00) and Non-Rwd Crossing (M = 

16.25, SD = 1.38), t = 0.78, p = .23. The same can be said when comparing the number 

of climbing sessions between Rwd Crossing (M = 6.50, SD = 1.00) and Non-Rwd 

Crossing (M = 7.5, SD = .50), t = -1.41, p = .10. When comparing the number of reinforcer 

accessed, no differences were found between both groups for digging (Rwd Crossing: M 

= 49.50, SD = 2.50; Rwd Crossing: M = 50.75, SD = -.51, t = .31) and climbing behaviors 

(Rwd Crossing: M = 54.00, SD = 5.00; Rwd Crossing: M = 51.25, SD = 2.75; t = .72 and 

p = .24). The digging behavior demanded more sessions to reach the stability criteria 

when comparing the number of sessions between all animals in both the digging (M = 

15.63, SD = 1.62) and climbing behavior (M = 7.00, SD = .75), t = 9.97415, p < .00001. 

The general results are summarized in figure 9. 
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Figure 9. Summary of data for the behavioral training. A)  Number of sessions on digging; B) Number of sessions on climbing; C) Sum of 

reinforcers consumed during digging in its last five sessions; D) Sum of reinforcers consumed during climbing in its last five sessions 
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 Testing after crossing 

When observing the exploratory behavior of both Rwd and Non-Rwd groups, 

there was no significant differences between them on any of the quadrants of the 

experimental chamber. There was no difference in exploration of Q1 (Rwd: M = 12.00, 

SD = 16.00; Non-Rwd: M = 7.75, SD = 4.13, t = .38, p > 35), Q2 (Rwd: M = 6.50, SD = 

4.50; Non-Rwd: M = 7.50, SD = 2.50, t = -0.28, p > .39), Q3 (Rwd: M = 13.75, SD =6.87 

; Non-Rwd: M = 13.50, SD = 3.5, t = .04, p = .48), or Q4 (Rwd: M = , SD = ; Non-Rwd: 

M = , SD = , t = 1.25, p > .12p = ). There was a significant difference in the exploration 

of the elevated platform, with the Rwd group (M = 2, SD = 2) exploring more of this part 

than Non-Rwd group (M = 18.25, SD = 7.75), t = -3.24, p = .009. The summary of this 

results is reported in figure 8. This comes in direct contrast with the expectation of non-

Rwd group to be less explorative. However, the short number of subjects limits the 

generalization of this interpretations but may point toward the necessity of a more specific 

manipulation and control of how the crossing training affects testing performances and 

what kind of reinforcement or discriminative control it produces or affect. The general 

individual performances are summarized in attachment D. 
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Figure 10. Summary of Data during the direct test. A) Exploration of Q1; B) Exploration of Q2; C) Exploration of the Platform; D) Exploration of 

Q3; E) Exploration of Q4; F) Episodes of Crossing and Digging. 
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General Discussion 

Insight & Cue Control 

It is impossible to approach the phenomenology of insight in non-human animals 

(Shettleworth, 2012). What one can do is to investigate the behavioral processes 

underlying the insight phenomenon as generally described by the sudden solution of a 

problem. Epstein's findings shed light on the reinforcement learning basis supporting 

insight. It revealed how specific reinforcement contingencies can bring insight to light or 

to hinder it. Further investigations explored more on the instrumental basis of insight by 

the means how to produce it by interconnecting previous learning to produce novel 

behavior. The development of this research enterprise had started to approach a path of 

exploring the stimulus control relations underlying insight. The demonstration that some 

parts of the environment become part of what control some behavioral responses not 

directly related to said stimulus (Knaus et al., 2021) gave rise to the question about how 

this new stimulus would gain its new function.  

The mediated generalization hypothesis (described in chapter 03) intended to 

describe a process that would explain how the ladder would gain a discriminative function 

to the digging behavior without been directly related to any digging training. This 

hypothesis led to two assumptions tested by those two last experiments. The first concerns 

the idea that the absence of the ladder would be enough to not evocate the occurrence of 

crossing and digging in a situation where the connection between both sides were not 

available visually and no food reward was presented on the other side. The second 

assumption concerns the disruptive role of the rewarded crossing (without digging) upon 

the cue control exerted by the ladder. 
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Our findings demonstrated that the absence of the ladder was not enough to 

extinguish the occurrence of crossing and digging behavior. Its presence also had no 

significant impact on producing more digging and crossing behavior, a different result 

from Knaus and colleagues (2021). This may indicate that the ladder may play a function 

orienting digging towards it when the food is directly involved in the problem set, but its 

presence would not be enough to increase the frequency of digging in general.  

The comparison of two different sets of training (one with a free rewarded 

crossing and the other with an non-rewarded crossing) demonstrated that almost no 

difference on exploration and in the digging-crossing association was noticeable, except 

for the difference on the exploration of the elevated platform. Due to the limitations on 

the number of subjects that were exposed to this experiment, the conclusions taken from 

this experiment may wait for further investigations. However, they may indicate a path 

to investigate the cue control operating on insight problem solving in sets with and 

without the use of reinforcement learning (by the use of the rewarded crossing). 

 

Insight, Mediated Generalization and Learning transferences 

Insight is said to rely on some type of transference of previous learning into novel 

behavior (Epstein et al., 1984; Shettleworth, 2012). The mediated generalization 

hypothesis was developed as a way to test this transference through this phenomenon. 

Mediated generalization can describe how instrumental responses can interchangeably 

appear in the presence of two sets of stimuli not directly paired, but individually paired 

to the same reinforcer. 

Knaus and colleagues’ (in preparation) findings were promising on showing the 

acquisition of a cue-function to the ladder in controlling digging behavior. The 

distinctions of the reversal learning demonstrated by insight and non-insight group 
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(performed in chapter 02) also support the idea that some kind of distinction separates 

insight and non-insight solutions. Still, our findings do not offer a final answer to this 

query as we did not control for the directional component of the digging during the testing 

condition (justified by the aim of investigating the general cue-control of the ladder). 

Also, we did not observed a full extinction of the digging in the absence of the ladder, 

indicating that may there be other components of the testing setting that may evoke 

crossing and/or digging that – even in low rates – may be enough to produce exploration 

without the direct purpose of seeking a reward or a cue on the problem solving set. 

After reaching these findings, an experimental design focusing on a multiple 

baseline that includes progressively more complex scenarios for the testing conditions 

could be explored in order to test for the minimum, desirable and best conditions for 

evoking insight-like solutions and, therefore, to test the conditions that facilitate or 

hinders the learning transferences that may underlie insight. Some variations of the 

trained used by Dicezare & Garcia-Mijares (submitted), may offer a better understanding 

on how the specific features of the testing condition may improve or disrupt insight 

solution. These seems now to be a best way to have complementary findings on the 

predictive power of mediated generalization as a primary process supporting insight 

solutions 
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CONCLUSIONS 

1. The hypothesis of how mediated generalization could explain the 

transposition/transference/generalization was described. This hypothesis states that a 

class of stimuli united by the same reinforcer could interchangeably serve the function 

of cue for the same response. 

2. Experiment 01 demonstrated that reversibility is a feature of insight, and it serves as 

evidence for the novel contextual control that emerges in insight learning. 

3. Experiment 02 demonstrated that the absence of the ladder was not enough to 

extinguish the crossing and also not sufficient to increase the exploration of the testing 

setting as would be expected in an non-insight solution. 

4. Experiment 03 demonstrated that reward was not enough to explain the differences 

between insight and non-insight solutions (described in chapter 02).  

5. The accuracy and generality of the mediated generalization hypothesis remain up to 

empirical proof. However, it may serve as a path to test transferences of learning that 

may underly insight learning. 



105 
 

REFERENCES 

 

Abramo, A. M., Hambright, K., & Phillips, K. A. (2017). Insightful problem solving and 

emulation in brown capuchin apes. Animal Cognition. 

https://doi.org/10.1007/s10071-017-1080-z. 

Alex H. Taylor, Felipe S. Medina, Jennifer C. Holzhaider, Lindsay J. Hearne, Gavin R. 

Hunt, Russell D. Gray, Colin Allen, (2010) An Investigation into the Cognition 

Behind Spontaneous String Pulling in New Caledonian Crows. PLoS ONE 

5(2):e9345 

Amory H. Danek, Thomas Fraps, Albrecht von Müller, Benedikt Grothe, Michael 

Öllinger, (2013) Aha! experiences leave a mark: facilitated recall of insight 

solutions. Psychological Research, 77(5):659-669 

Araújo, S. A., Prata-Oliveira, M., Nascimento-Júnior, F. E., Pessôa Neto, R. S., Monteiro, 

L. S., Tatmatsu, D. B. (2019). A Influência da Ayahuasca na Resolução de 

Problemas com Ratos Wistar. Revista Brasileira de Terapia Comportamental e 

Cognitiva. 21(3), 390-406. DOI: https://10.31505/rbtcc.v21i3.1329. 

Arnold, M.A., Newland, M. C. (2018). Variable behavior and repeated learning in two 

mouse strains: Developmental and genetic contributions. Behavioural Processes, 

157:509-518 

Audet, J., & Lefebvre, L. (2017). What’s flexible in behavioral flexibility. Behavioral 

Ecology, 28(4), 943–947. https://doi.org/10.1093/beheco/arx007. 

Aydin, A. & Pearce, J.M. (1997). Some determinants of response summation. Animal 

Learning & Behavior, 25(1), 108-121. 

Bandini, E., & Harrison, R. A. (2020). Innovation in chimpanzees. Biological Reviews, 

95(5), 1167–1197. https://doi.org/10.1111/brv.12604. 



106 
 

Barrett, L. P., Stanton, L., & Benson-Amram, S. (2018). The Cognition of ‘nuisance’ 

species. Animal Behavior, Special Issue Cognitive Ecology, 1–11. 

https://doi.org/10.1016/j.anbehav.2018.05.005. 

Barsalou, L. W. (2008). Grounded cognition. Annual Review in Psychology, 59, 617–645. 

https://doi.org/10.1146/annurev-psych-113011-143840 

Bebus, S. E., Small, T. W., Jones, B. C., Elderbrock, E. K., Schoech, S. J. (2016). 

Associative learning is inversely related to reversal learning and varies with 

nestling corticosterone exposure. Animal Behaviour, 111, 251-260. DOI: 

https://doi.org/10.1016/j.anbehav.2015.10.027. 

Beghetto, R. A. (2007a). Does creativity have a place in classroom discussions? 

prospective teachers’ response preferences. Thinking Skills and Creativity, 2(1), 

1–9. https://doi.org/10.1016/j.tsc.2006.09.002. 

Beghetto, R. A. (2007b). Ideational code-switching: Walking the talk about supporting 

student creativity in the classroom. Roeper Review: A Journal on Gifted 

Education, 29(4), 265–270. https://doi.org/10.1080/02783190709554421. 

Beghetto, R. A. (2013). Killing ideas softly? The promise and perils of creativity in the 

classroom. Charlotte: IAP Information Age Publishing. 

Beghetto, R. A. (2014a). Creative mortification: An initial exploration. Psychology of 

Aesthetics, Creativity, and the Arts, 8(3), 266–276. 

https://doi.org/10.1037/a0036618. 

Beghetto, R. A. (2014b). Creativity: Development and enhancement. In J. A. Plucker & 

C. M. Callahan (Eds.), Critical issues and practices in gifted education: What the 

research says (2nd ed., pp. 183–196). Waco: Prufrock Press. 



107 
 

Beghetto, R. A., & Kaufman, J. C. (2007a). The genesis of creative greatness: Mini-c and 

the expert performance approach. High Ability Studies, 18(1), 59–61. 

https://doi.org/10.1080/13598130701350668. 

Beghetto, R. A., & Kaufman, J. C. (2007b). Toward a broader conception of creativity: 

A case for ‘mini-c’ creativity. Psychology of Aesthetics, Creativity, and the Arts, 

1(2), 73–79. https://doi.org/10.1037/1931-3896.1.2.73. 

Bernstein, N. A. (1945) (English translation 1998) The current problem of modern 

Neurophysiology. In: Sporns, O., & Edelman, G. M. Bernstein dynamic view of 

the brain: the current problem of modern neurophysiology. Motor Control 1998, 

2, 283-305.  

Bernstein, N. A. (1967). The co-ordination and regulation of movements. Oxford: 

Pergamon Press 

Birch, H. G. (1945). The relation of previous experience to insightful problem-solving. 

Journal of Comparative Psychology, 38(6), 367-383. 

Bird, C. D., & Nathan J. Emery, N. J. (2009). Insightful problem solving and creative tool 

modification by captive non tool-using rooks. Proceedings of the National 

Academy of Sciences, 106(25), 10370-10375. DOI: 10.1073/pnas.0901008106. 

Blaser, R. E., & Bellizzi, C. (2014). The comparative study of learning from 1994-2013. 

International Journal of Comparative Psychology, 27(1), 31–49. 

Boakes, R. (2003). The Impact of Pavlov on the Psychology of Learning in English-

Speaking Countries. The Spanish Journal of Psychology, 6(2), 93-8. 

Boden, M. (2004). The creative mind: Myths and mechanisms (2nd ed.). New York: 

Routledge. 



108 
 

Brady, A. M., & Floresco, S. B. (2015). operant procedures for assessing behavioral 

flexibility in rats. Journal of Visual Experimentation, 96. 

https://doi.org/10.3791/52387. 

Brubaker, L., Dasgupta, S., Bhattacharjee, D., Bhadra, A., & Udell, A. R. (2017). 

Differences in problem-solving between canid populations: Do domestication and 

lifetime experience affect persistence. Animal Cognition, 20(4), 717–723. 

https://doi.org/10.1007/s10071-017-1093-7. 

Buitenweg, J., van de Ven, R. M., Prinssen, S., Murre, J., & Ridderinkhof, K. R. (2017). 

Cognitive flexibility training: a large-scale multimodal adaptive active-control 

intervention study in healthy older adults. Frontiers in Human Neuroscience, 11, 

529. https://doi.org/10.3389/fnhum.2017.00529 

Butler, J. (1964). A New Approach to Semantic Generalization. Language and Speech. 

1964;7(2):112-119. doi:10.1177/002383096400700207. 

Byrne, R. M. J., & Murray, M. A. (2005). Attention and working memory in insight 

problem-solving. Proceedings of the Annual Meeting of the Cognitive Science 

Society, 27, 1571–1575. 

Canestrari, C., Branchini, E., Bianchi, I., Savardi, U., & Burro, R. (2018). Pleasures of 

the mind: what makes jokes and insight problems enjoyable. Frontiers in 

Psychology, 8, 2297. https://doi.org/10.3389/fpsyg.2017.02297 

Costa, V., Tran, V., Turchi, J., Averbeck, B. (2015). Reversal Learning and Dopamine: 

A Bayesian Perspective. Journal of Neuroscience, 35(5), 2407-2416. DOI: 

10.1523/JNEUROSCI.1989-14.2015 

Cristofori, I., Salvi, C., Beeman, M., & Grafman, J. (2018). The effects of expected 

reward on creative problem-solving. Cognitive, Affective, & Behavioral 

Neuroscience. https://doi.org/10.3758/s13415-018-0613-5 



109 
 

Davidson, J. E., & Sternberg, R. J. (2003). The psychology of problem solving. New York: 

Cambridge University Press. 

Delage, P. E. G. A. (2011). Transferência de aprendizagem no uso de ferramentas por 

Macacos-Prego (Cebus apella). (Tese de Doutorado). Universidade Federal do 

Pará. Pará: Belém. 

Delage, P. E. G. A., Carvalho-Neto, M. B. (2010). Um Modo Alternativo de Construir 

um Operante: A Aprendizagem Recombinativa. Psicologia em Pesquisa, 4(1), 50-

56. DOI: https://doi.org/10.24879/201000400100347 

Delage, P. E. G. A., Carvalho-Neto, M. B. (2010). Um Modo Alternativo de Construir 

um Operante: A Aprendizagem Recombinativa. Psicologia em Pesquisa, 4(1), 50-

56. DOI: https://doi.org/10.24879/201000400100347. 

Dicezare, R. H., & Garcia-Mijares, M. (2019) Recombination of behaviors in Wistar rats 

(Rattus norvegicus) in a new box displacement procedure. Manuscript submitted 

for publication. 

Dicezare, R. H., & Garcia-Mijares, M. (2019) Recombination of behaviors in Wistar rats 

(Rattus norvegicus) in a new box displacement procedure. Manuscript submitted 

for publication. 

Dietrich, A. (2018). Types of creativity. Psychonomic Bulletin & Review. 

https://doi.org/10.3758/s13423-018-1517-7 

Dostál, J. (2015). Theory of problem solving. Procedi: Social and Behavioral Sciences, 

174, 2798–2805. 

Dyckman, R. A. (1976). Conditioning as Sensitization. Integrative Psychological and 

Behavioral Sciences, 11(1), 24-36. DOI: 10.1007/BF03000535. 



110 
 

Ellis, J., Glaholt, M. G., & Reingold, E. M. (2011). Eye movements reveal solution 

knowledge prior to insight. Consciousness and Cognition, 20(3), 768–776. 

https://doi.org/10.1016/j.concog.2010.12.007. 

Epstein, R. (1985). The spontaneous interconnection of three repertoires of behavior in a 

pigeon (Columba livia). Psychological Record, 35, 131–141. DOI: 10.1016/0149-

7634(85)90009-0 

Epstein, R. (1985). The spontaneous interconnection of three repertoires of behavior in a 

pigeon (Columba livia). Psychological Record, 35, 131–141. DOI: 10.1016/0149-

7634(85)90009-0 

Epstein, R. (1987). The spontaneous interconnection of four repertoires of behavior in a 

pigeon (Columba livia). Journal of Comparative Psychology, 101, 197–201. DOI: 

10.1037//0735-7036.101.2.197 

Epstein, R. (1987). The spontaneous interconnection of four repertoires of behavior in a 

pigeon (Columba livia). Journal of Comparative Psychology, 101, 197–201. DOI: 

10.1037//0735-7036.101.2.197 

Epstein, R. (1991). Skinner, creativity, and the problem of spontaneous behavior. 

Psychological Science. https://doi.org/10.1111/j.1467-9280.1991.tb00168.x. 

Epstein, R. (2014). On the orderliness of behavioral variability: Insights from generativity 

theory. Journal of Contextual Behavioral Science. 

https://doi.org/10.1016/j.jcbs.2014.08.004. 

Epstein, R. (2015a). Of course animals are creative: Insights from generativity theory. IN: 

Kaufman, A. B., & Kaufman, J. C. (Eds.). Animal creativity and innovation. 

London: Academic Press 

Epstein, R. (2015b). On the rediscovery of the principle of resurgence. Mexican Journal 

of Behavior Analysis, 41. 



111 
 

Epstein, R., & Medalie, S. D. (1983). The Spontaneous Use of a Tool by a Pigeon. 

Behavior Analysis Letters, 3, 241–247. 

Epstein, R., Kirshnit, C. E., Lanza, R. P., & Rubin, L. C. (1984). “Insight” in the pigeon: 

Antecedents and determinants of an intelligent performance. Nature, 308, 61–62. 

DOI: 10.1038/308061a0 

Epstein, R., Kirshnit, C. E., Lanza, R. P., & Rubin, L. C. (1984). “Insight” in the pigeon: 

Antecedents and determinants of an intelligent performance. Nature, 308, 61–62. 

DOI: 10.1038/308061a0. 

Epstein, W., & Hatfield, G. (1994). Gestalt psychology and the philosophy of mind. 

Philosophical Psychology, 7(2), 163-181. 

Felden, A., Paris, C. I., Chapple, D. G., Haywood, J., Suarez, A. V., Tsutsui, N. D., Lester, 

P. J., Gruber, M. A. M. (2018). Behavioral variation and plasticity along an 

invasive ant introduction pathway. Journal of Animal Ecology. 

https://doi.org/10.1111/1365-2656.12886. 

Ferster, C. B., & Skinner, B. F. (1997). Schedules of Reinforcement. Cambridge: B. F. 

Skinner Foundation. First Published at 1957. 

Fleck, J. I. (2008). Working memory demands in insight versus analytic problem solving. 

European Journal of Cognitive Psychology, 20(1), 139–176. 

Fleck, J. I., & Weisberg, R. W. (2013). Insight versus analysis: Evidence for Diverse 

Methods in Problem-Solving. Journal of Cognitive Psychology, 25(4), 436–463. 

Foerder, P., Galloway, M., Barthel, T., Moore, D. E., & Reiss, D. (2011). Insightful 

Problem Solving in an Asian Elephant. PLoS ONE, 6(8), e23251. 

https://doi.org/10.1371/journal.pone.0023251. 

Gilhooly, K. J. (2016). Incubation and Intuition in Creative Problem Solving. Frontiers 

in Psychology, 7, 1076. 



112 
 

Glaveanu, V. P. (2011). Creativity as cultural participation. Journal for the Theory of 

Social Behavior, 41(1), 48–67. https://doi.org/10.1111/j.1468-

5914.2010.00445.x. 

Glaveanu, V. P. (2013). Rewriting the language of creativity: The five A’s framework. 

Review of General Psychology, 17(1), 69–81. https://doi.org/10.1037/a0029528. 

Griffin, A. S. (2016). Innovativeness as an emergent property: a new alignment of 

comparative and experimental research on animal innovation. Phil. Trans. R. Soc. 

B, 371. https://doi.org/10.1098/rstb.2015.0544. 

Griffin, A. S., & Guez, D. (2014). Innovation and Problem Solving: A review of common 

mechanisms. Behavioral Processes, 109, 121–134. 

Griffin, A. S., Guez, D., Lermite, F., & Patience, M. (2013). Tracking Changing 

Environments: Innovators Are Fast, but Not Flexible Learners. PLoS ONE, 8(12). 

https://doi.org/10.1371/journal.pone.0084907. 

Guilford, J. P. (1950). Creativity. American Psychologist, 5, 444–454. 

Guilford, J. P. (1967). Creativity: Yesterday, Today and Tomorrow. The Journal of 

Creative Behavior, 1(1):3-14 

Guthrie, E. R. (1935). The Psychology of Learning. New York: Harper & Brothers. 

Harlow, H. F. (1951). Primate learning. In: C. P.  Stone (Ed.), Comparative psychology 

(3rd ed., pp. 183-238). Englewood Cliffs, NJ: Prentice-Hall 

Harnard, S. E. (ed.). (1987). Categorical perception. Cambridge, U.K.: Cambridge 

University Press. 

Hartmann, G. W. (1931). The concept and criteria of insight. Psychological Review, 

38(3), 242–253. https://doi.org/10.1037/h0075595 

Hartmann, G. W. (1931). The concept and criteria of insight. Psychological Review, 

38(3), 242–253. https://doi.org/10.1037/h0075595 



113 
 

Hatfield, G. (2012). Koffka, Köhler, and the ‘‘crisis’’ in psychology. Studies in History 

and Philosophy of Biological and Biomedical Sciences, 43, 483–492. 

Hattori, M., Sloman, S. A., & Orita, R. (2013). Effects of subliminal hints on insight 

problem-solving. Psychonomic Bulletin & Review, 20(4), 790–797. 

Heinrich, B. (1995). An Experimental Investigation of Insight in Common Ravens 

(Corvuscorax). The Auk, 112(4), 994–1003. 

Helfand, M., Kaufman, J. C., & Beghetto, R. A. (2017). The Four C Model of Creativity: 

Culture and context. In V. P. Glăveanu (Ed.), Palgrave handbook of creativity and 

culture research (pp. 15–360). New York: Palgrave. 

Hennessey, B. A., & Amabalie, T. M. (2010). Creativity. Annual Review of Psychology, 

61, 569–598. https://doi.org/10.1146/annurev.psych.093008.100416. 

Herrnstein, R. J., Loveland, D. H., & Cable, C. (1976). Natural Concepts in Pigeons. 

Journal of Experimental Psychology: Animal Behavior Processes, 2(4), 285-382. 

Holekamp, K. E., & Benson-Amram, S. (2017). The evolution of intelligence in 

mammalian carnivores. Interface Focus, 7. 

https://doi.org/10.1098/rsfs.2016.0108. 

Horik, J. O., Langley, E. J. G., Whiteside, M. A., Madden, J. R. (2019). A single factor 

explanation for associative learning performance on colour discrimination 

problems in common pheasants (Phasianus colchicus). Intelligence, 74, 53-61. 

Huebner, F., & Fichtel, C. (2015). Innovation and behavioral flexibility in wild redfronted 

lemurs (Eulemurrufifrons). Animal Cognition, 18(3), 777–787. 

https://doi.org/10.1007/s10071-015-0844-6. 

Hull, C. L. (1939). The problem of stimulus equivalence in behavior theory. 

Psychological Review, 46, 9-30. 



114 
 

Hull, C. L. (1943). Principles of Behavior: an introduction to behavior theory. New York: 

Appleton Century Crofts Inc. 

Hunter, W. S. (1932). The psychological study of behavior. Psychological Review, 39(1), 

1–24. https://doi.org/10.1037/h0074821 

Izquierdo, A., Brigman, J. L., Radke, A.K., Rudebeck, P. H., Holmes, A. (2017). The 

neural basis of reversal learning: An updated perspective. Neuroscience, 345, 12-

26. DOI: https://doi.org/10.1016/j.neuroscience.2016.03.021 

Izquierdo, A., Brigman, J. L., Radke, A.K., Rudebeck, P. H., Holmes, A. (2017). The 

neural basis of reversal learning: An updated perspective. Neuroscience, 345, 12-

26. DOI: https://doi.org/10.1016/j.neuroscience.2016.03.021 

Jarvers, C. Brosch, T. , Brechmann, A., Woldeit, M. L., Schulz, A. L., Ohl, F. W., 

Lommerzheim, M., & Neumann, H.(2016). Reversal learning in humans and 

gerbils: Dynamic control network facilitates learning. Frontiers in Neuroscience. 

DOI: 10.3389/fnins.2016.00535 

Katz, J. S., & Wright, A. A. (2006). Same/different abstract-concept learning by pigeons. 

Journal of Experimental Psychology: Animal Behavior Processes, 32(1), 80–86. 

DOI: 10.1037/0097-7403.32.1.80. 

Katz, J.S., Bodily, K. D., Wright, A. A. (2008). Learning strategies in matching to sample: 

If-then and configural learning by pigeons. Behavioural Processes, 77, 223–230 

Kaufman, J. C. (2015) Creativity Is Life: A Commentary on the Special Issue. The 

Journal of Creative Behavior, 49(3): 233-237. DOI: 10.1002/jocb.128. 

Kaufman, J. C., & Beghetto, R. A. (2009). Beyond big and little: the four c model of 

creativity. Review of General Psychology, 13(1), 1–12. 

https://doi.org/10.1037/a0013688. 



115 
 

Kaufman, J. C., & Beghetto, R. A. (2013). Do people recognize the Four Cs? Examining 

layperson conceptions of creativity. Psychology of Aesthetics, Creativity, and the 

Arts, 7, 229–236. 

Keane, M. (1989). Modelling problem solving in Gestalt “insight” problems. Irish 

Journal of Psychology, 10, 201–215. 

Kizilirmak, J. M., Thuerich, H., Folta-Schoofs, K., Schott, B. H., & Richardson-Klavehn, 

A. (2016). Neural Correlates of Learning from Induced Insight: A Case for 

Reward-Based Episodic Encoding. Frontiers in Psychology, 1(7), 1693. 

Knaus. Y. C. (2021). Criatividade sob pressão: desempenho de ratas da linhagem high 

anxiety-type behavior no teste de cavar e escalar. Tese de Doutorado Não 

publicada. São Paulo: Programa de Pós-Graduação em Neurociência e 

Comportamento. 

Knoblich, G., Ohlsson, S., & Raney, G. E. (2001). An eye movement study of insight 

problem solving. Memory & Cognition, 29(7), 1000–1009. 

https://doi.org/10.3758/BF03195762. 

Koffka, K. (1922). Perception: an introduction to the Gestalt-theory. Psychological 

Bulletin, 19, 531-585. 

Koffka, K. (1925). The Growth of Mind: an introduction to child-psychology. London: 

Kegan Paul, Trench, Trübner Co. Ltd. 

Koffka, K. (1935). Principles of Gestalt Psychology. London: Kegan Paul, Trench, 

Trubner & Co. Ltd 

Koffka, K. (1935). Principles of Gestalt Psychology. London: Kegan Paul, Trench, 

Trubner & Co. Ltd 



116 
 

Köhler, W. (1918/1938). Simple structural functions in the chimpanzee and in the 

chicken. In W. D. Ellis (Ed.), A source book of Gestalt psychology (pp. 217–227). 

London: Routledge & Kegan Paul. 

Köhler, W. (1918/1938). Simple structural functions in the chimpanzee and in the 

chicken. In W. D. Ellis (Ed.), A source book of Gestalt psychology (pp. 217–227). 

London: Routledge & Kegan Paul. 

Kohler, W. (1925). An Aspect of Gestalt Psychology. Pedagogical Seminary and Journal 

of Genetic Psychology, 32(4), 691-723. 

Köhler, W. (1938). Physical Gestalten. In W. D. Ellis (Ed.), A source book of Gestalt 

psychology (p. 17–54). Kegan Paul, Trench, Trubner & Company. DOI: 

10.1037/11496-003. 

Köhler, W. (1952). The Mentality of Apes. London: Routledge & Kegan Paul. First 

Published in 1917 

Köhler, W. (1952). The Mentality of Apes. London: Routledge & Kegan Paul. First 

Published in 1917. 

Köhler, W. (1959). Gestalt Psychology Today. American Psychologist, 14, 727–734. 

Kohler, W. (1967). Gestalt Psychology. New York: Liveright. 

Koops, K. (2020). Chimpanzee termite fishing etiquette. Nature Human Behaviour, 4(9), 

887–888. https://doi.org/10.1038/s41562-020-0895-9. 

Kounios, J., & Beeman, M. (2009). The Aha! Moment: the Cognitive Neuroscience. 

Current Directions in Psychological Science, 18(4), 210–216. 

Kounios, J.; Beeman, M. (2014). The Cognitive Neuroscience of Insight. The Annual 

Review of Psychology, 65, 71-93. 



117 
 

Lashley,  K.  S.  (1923).  The  Present  Forms  and  Limitations  of  Behaviorism. 

Psychological Bulletin, 30, Part I, 237-272. Link: 

http://psychclassics.yorku.ca/Lashley/consciousness.htm. 

Lassig, C. J. (2013). Approaches to creativity: How adolescents engage in the creative 

process. Thinking Skills and Creativity, 10, 3–12. 

https://doi.org/10.1016/j.tsc.2013.05.002. 

Lattal, K. A. (1995). Contingency and Behavior Analysis. Mexican Journal of Behavior 

Analysis, 21, 47–73. 

Lazareva, O. F. (2012). Relational LEarning in a Context of Transposition: a review. 

Journal of the Experimental Analysis of Behavior, 97(2), 231-248. 

Lazareva, O. F. (2012). Relational LEarning in a Context of Transposition: a review. 

Journal of the Experimental Analysis of Behavior, 97(2), 231-248. 

Lea, S. E. G., Chow, P. K. Y., Leaver, L. A., & McLaren, I. P. L. (2020). Behavioral 

flexibility: A review, a model, and some exploratory tests. Learning & Behavior. 

https://doi.org/10.3758/s13420-020-00421-w. 

Lee, C. S., Therriault, D. J., & Linderholm, T. (2012). On the cognitive benefits of cultural 

experience: Exploring the relationship between studying abroad and creative 

thinking. Applied Cognitive Psychology, 26(5), 768–778. 

https://doi.org/10.1002/acp.2857. 

Lefebvre, L. (2013). Brains, innovations, tools and cultural transmission in birds, non-

human primates, and fossil hominins. Frontiers in Human Neuroscience, 7, 245. 

https://doi.org/10.3389/fnhum.2013.00245. 

Lefebvre, L., Audet, S. D. J. (2016). Feeding innovations in a nested phylogeny of 

Neotropical passerines. Philosophical Transactions of the Royal Society B: 

Biological Sciences, 371 (1690):20150188 



118 
 

Leung, A. K., & Chiu, C. (2010). Multicultural experience, idea receptiveness, and 

creativity. Journal of Cross-Cultural Psychology, 41(5–6), 723–741. 

https://doi.org/10.1177/0022022110361707. 

Leung, A. K., Maddux, W. W., Galinsky, A. D., & Chiu, C. (2008). Multicultural 

experience enhances creativity: The when and how. American Psychologist, 

63(3), 169–181. https://doi.org/10.1037/0003-066X.63.3.169. 

Lin, T. E., Dumigan, N. M., Recio, S. A., & Honey, R. C. (2017). Mediated configural 

learning in rats. The Quarterly Journal of Experimental Psychology, 70(8), 1504–

1515. DOI: 10.1080/17470218.2016.1188973. 

Lind, J., Lönnberg, S., Persson, T., & Enquist, M. (2017). Time Does Not Help 

Orangutans Pongo abelii Solve Physical Problems. Frontiers in Psychology, 8, 

161–167. https://doi.org/10.3389/fpsyg.2017.00161. 

Logan, C. J. (2016a). Behavioral flexibility and problem solving in an invasive bird. 

PeerJ, 4, e1975. https://doi.org/10.7717/peerj.1975. 

Logan, C. J. (2016b). How far will a behaviorallyflexible invasive bird go to innovate? 

Royal Society Open Science, 3. https://doi.org/10.1098/rsos.160247. 

Logan, C. J. (2016c). Behavioral flexibility in an invasive bird is independent of other 

behaviors. PeerJ, 12(4), e2215. https://doi.org/10.7717/peerj.2215. 

Logan, C. J., Jelbert, S. A., Breen, A. J., Gray, R. D., & Taylor, A. H. (2014). 

Modifications to the Aesop’s Fable Paradigm Change New Caledonian Crow 

Performances. PLoS ONE, 9(7). https://doi.org/10.1371/journal.pone.0103049. 

Lu, J. G., Akinola, M., & Mason, M. F. (2017). “Switching on” creativity: Task switching 

can increase creativity by reducing cognitive fixation. Organizational Behavior 

and Human Decision Processes, 139, 63–75. 



119 
 

Maier, N. R. F. (1940). The behavioral mechanisms concerned with problem solving. 

Psychological Review, 47, 43–58. 

Matsumoto, D. (2009). The Cambridge Dictionary of Psychology. New York: Cambridge 

University Press. 

Matsumoto, D. (2009). The Cambridge Dictionary of Psychology. New York: Cambridge 

University Press. 

McSweeney, F. K., Hinson, J. M., Cannon, C. B. (1996). Sensitization-Habituation May 

Occur During Operant Conditioning. Psychological Bulletin, 120(2), 256-271. 

Mednick, S. A. (1962). The Associative Basis of the Creative Process. Psychology 

Review, 69, 220–232. https://doi.org/10.1037/h0048850. 

Meyer, M. (1911). The Fundamental Laws of Human Behavior. Boston: The Gorham 

Press. 

Morgan, C. L. (1903). An Introduction to Comparative Psychology (New Edition, 

Revised). London: Walter Scott Publishing. 

Morgan, D. L. (2010). Schedules of Reinforcement at 50: A Retrospective Appreciation. 

The Psychological Record, 60, 151–158. 

Neves Filho, H. B, Knaus, Y. C, & Taylor, A. H. (2019). New Caledonian crows can 

interconnect behaviors learned in different contexts, with different consequences 

and after exposure to failure. International Journal of Comparative Psychology, 

32. Retrieved from https://escholarship.org/uc/item/85b0q1r9. 

Neves Filho, H. B, Knaus, Y. C, & Taylor, A. H. (2019). New Caledonian crows can 

interconnect behaviors learned in different contexts, with different consequences 

and after exposure to failure. International Journal of Comparative Psychology, 

32. Retrieved from https://escholarship.org/uc/item/85b0q1r9. 



120 
 

Neves-Filho, H. B. (2010). Efeitos de Diferentes Histórias de Treino sobre a Ocorrência 

de “Insight” em Macacos-Prego (Cebus spp.). Belém: Dissertação de Mestrado. 

Programa de Pós-Graduação em Teoria e Pesquisa do Comportamento. 

Neves-Filho, H. B., Assaz, D. A., Dicezare, R., Knaus, Y., & Garcia-Mijares, M. (2020). 

Learning Behavioral Repertoires with Different Consequences Hinders the 

Interconnection of These Repertoires in Pigeons in the Box Displacement Test. 

The Psychological Record. DOI: 10.1007/s40732-020-00407-0. 

Neves-Filho, H. B., Assaz, D. A., Dicezare, R., Knaus, Y., & Garcia-Mijares, M. (2020). 

Learning Behavioral Repertoires with Different Consequences Hinders the 

Interconnection of These Repertoires in Pigeons in the Box Displacement Test. 

The Psychological Record. DOI: 10.1007/s40732-020-00407-0. 

Neves-Filho, H. B., Carvalho-Neto, M. B., Barros, R. S., & Costa, J. R. (2014). Insight 

em Macacos-Prego com diferentes contextos de treinos de habilidades pré-

requisito. Interação em Psicologia, 18(3), 333–350. 

Neves-Filho, H. B., Carvalho-Neto, M. B.; Taytelbaum, G.; Malheiros, R. S.; & Knaus, 

Y. (2016). Effects of different training histories upon manufacturing a tool to solve 

a problem: insight in capuchin monkeys (Sapajus spp.). Animal Cognition, 19(6), 

1151-1164. 

Neves-Filho, H. B., Carvalho-Neto, M. B.; Taytelbaum, G.; Malheiros, R. S.; & Knaus, 

Y. (2016). Effects of different training histories upon manufacturing a tool to 

solve a problem: insight in capuchin monkeys (Sapajus spp.). Animal Cognition, 

19(6), 1151-1164 

Neves-Filho, H. B., Stella, L. D., Dicezare, R. H., & Garcia-Mijares, M. (2015). Insight 

in the white rat: spontaneous interconnection of two behaviors in Rattus 



121 
 

norvegicus. European Journal of Behavior Analysis, 16(2). 

https://doi.org/10.1080/15021149.2015.1083283. 

Neves-Filho, H. B., Stella, L. R., Dicezare, R., Garcia-Mijares, M. (2015). Insight in the 

white rat: spontaneous interconnection of two repertoires in Rattus norvegicus. 

European Journal of Behavior Analysis, 16(2):8 

Neves-Filho, H., Dicezare, R. H. F., Martins-Filho, A. M., & Garcia-Mijares, M. (2016). 

Efeitos de treinos sucessivo e concomitante sobre a recombinação de repertórios 

de cavar e escalar em Rattus norvegicus. Perspectivas em Análise do 

Comportamento, 7(2), 243–255. 

Nevin, J. A. (1999). Analyzing Thorndike's Law of Effect: The Question of Stimulus-

Response Bonds. Journal of Experimental Analysis of Behavior, 72(3), 447-450. 

Öllinger, M., & Müller, A. (2017). Search and Coherence-Building in Intuition and 

Insight Problem Solving. Frontiers in Psychology, 8. 

https://doi.org/10.3389/fpsyg.2017.00827. 

Öllinger, M., Jones, G., Knoblich, G. (2014) The dynamics of search, impasse, and 

representational change provide a coherent explanation of difficulty in the nine-

dot problem. Psychological Research, 78 (2):266-275 

Orita, R., Hattori, M. (2018). Positive and Negative Affects Facilitate Insight Problem‐

Solving in Different Ways: A Study with Implicit Hints. Japanese Psychological 

Research, 61(2):94-106 

Osuna-MAscaró, A., Auersperg, A. M. (2021). Current Understanding of the “Insight” 

Phenomenon Across Disciplines. Forontiers in Psychology. DOI: 

https://doi.org/10.3389/fpsyg.2021.791398 

Pavlov, I. P. (1897). The work of the digestive glands (translated by W. H. Thompson, 

1902). Classics of Medicine Library, Birmingham (reprinted 1982). 



122 
 

Pavlov, I. P. (1927). Conditioned reflexes: an investigation of the physiological activity 

of the cerebral cortex. Oxford Univ. Press. 

Pechstein, L. A., & Brown, F. D. (1939). An experimental analysis of the alleged criteria 

of insight learning. Journal of Educational Psychology, 30(1), 38–52. 

https://doi.org/10.1037/h0060872 

Pechstein, L. A., & Brown, F. D. (1939). An experimental analysis of the alleged criteria 

of insight learning. Journal of Educational Psychology, 30(1), 38–52. 

https://doi.org/10.1037/h0060872 

Pepperberg, I. M. (2015). Creativity and Innovation in the Grey Parrot (Psittacus 

erithacus). In A. B. Kaufman & J. C. Kaufman (Eds.), Animal Creativity and 

Innovation (pp. 3–25). London: Elsevier Academic Press. 

Preiszner, B., Papp, S., Pipoly, I., Seress, G., Vincze, E., Liker, A., & Bókony, V. (2016). 

Problem-solving performance and reproductive success of great tits in urban and 

forest habitats. Animal Cognition, 20(1), 53–63. https://doi.org/10.1007/s10071-

016-1008-z. 

Premack, D. (1959). Toward empirical behavior laws. I. positive reinforcement. 

Psychological Review, 66(4), 219–233. 

Quinn, J. L., Cole, E. F., Reed, T. E., & Morand-Ferron, J. (2016). Environmental and 

genetic determinants of innovativeness in a natural population of birds. 

Philosophical Transactions Royal Society B, 371. 

https://doi.org/10.1098/rstb.2015.0184. 

Ramsey, G., Bastian, M. L., & Schaik, C. (2007). Animal Innovation defined and 

operationalized. Behavioral and Brain Sciences, 30, 393–437. 

Razran, G. H. S. (l96l). The observable unconscious and the inferable conscious in 

current. Soviet psychophysiology. Psychological Bulletin, 68, 81. 



123 
 

Reader, S. M.; Morand-Ferron, J.; Flynn, E. (2016) Animal and human innovation: novel 

problems and novel solutions. Philosophical Transactions of the Royal Society B: 

Biological Sciences, 371 (1690):20150182. DOI: 10.1098/rstb.2015.0182 

Robert G. Cook, Catherine Fowler, (2014) “Insight” in pigeons: absence of means–end 

processing in displacement tests. Animal Cognition, 17(2):207-220 

Ruprecht, C. M., Taylor, C. D., Wolf, J. E., & Leising, K. J. (2014). Task complexity 

modifies the search strategy of rats. Behavioral and Brain Research, 258, 208–

217. 

Rymer, T. L., Pillay, N., & Schradin, C. (2013). Extinction or Survival? Behavioral 

Flexibility in Response to Environmental Change in the African Striped Mouse 

Rhabdomys. Sustainability, 5, 163–186. 

Sandkühler, S., & Bhattacharya, J. (2008). Deconstructing Insight: EEG Correlates of 

Insightful Problem Solving. PLoS ONE, 3(1), e1459. 

https://doi.org/10.1371/journal.pone.0001459. 

Santos, D. G. (2017). Efeitos da Topografia da Resposta sobre a Resolução de Problemas 

do Tipo Insight em Ratos. Belém: Dissertação de Mestrado. Programa de Pós-

Graduação em Teoria e Pesquisa do Comportamento. 

Santos, D. G. (2017). Efeitos da Topografia da Resposta sobre a Resolução de Problemas 

do Tipo Insight em Ratos. Belém: Dissertação de Mestrado. Programa de Pós-

Graduação em Teoria e Pesquisa do Comportamento. 

Schiller, P.  H. (1952). Innate constituents of complex responses in primates. 

Psychological  Review, 59, 177-191. 

Schooler, J. W., Ohlsson, S., & Brooks, K. (1993). Thoughts beyond words: When 

language overshadows insight. Journal of Experimental Psychology: General, 

122, 166–183. 



124 
 

Schunn, C. D., & Dunbar, K. (1996). Priming, analogy, and awareness in complex 

reasoning. Memory & Cognition, 24(3), 271–284. 

Shettleworth, S. J. (2012). Do Animals Have Insight, and What Is Insight Anyway? 

Canadian Journal of Experimental Psychology, 66(4), 217–226. 

Shettleworth, S. J. (2012). Do Animals Have Insight, and What Is Insight Anyway? 

Canadian Journal of Experimental Psychology, 66(4), 217–226. 

Shipley, W. C. (1933) An Apparent Transfer of Conditioning, The Journal of General 

Psychology, 8(2), 382-391, DOI:10.1080/00221309.1933.9713193 

Shipley, W. C. (1935) Indirect Conditioning, The Journal of General Psychology, 12:2, 

337-357, DOI: 10.1080/00221309.1935.9920108Razran, G. H. S. (1939). A 

quantitative study of meaning by a conditioned salivary technique: (semantic 

conditioning). Science, 90, 89. 

Sidman, M. (1994). Equivalence relations and behavior: A research story. Boston: 

Authors Cooperative. 

Sidman, M. (2000). Equivalence relations and the reinforcement contingency. Journal of 

the Experimental Analysis of Behavior, 74, 127–146. 

Sidman, M., Rauzin, R., Lazar, R., Cunningham, S., Tailby, W., Carrigan, P. (1982). A 

search for symmetry in the conditional discriminations of rhesus monkeys, 

baboons, and children. Journal of the Experimental Analysis of Behavior, 37, 23–

44. 

Sio, U. N., & Ormerod, T. C. (2009). Does incubation enhance problem solving? A meta-

analytic review. Psychological Bulletin, 135(1), 94–120. 

Skinner, B. F. (1938). The Behavior of organisms: An experimental analysis. New York: 

Apple Century-Crofts. 

Skinner, B. F. (1953). Science and Human Behavior. New York: Free Press. 



125 
 

Skinner, B. F. (1969). Contingencies of Reinforcement: A Theoretical Analysis. Upper 

Saddle River: Prentice Hall. 

Skinner, B. F. (1984). An operant analysis of problem solving. Behavioral and Brain 

Sciences, 7(4), 583–591. https://doi.org/10.1017/S0140525X00027412. 

Spearman, C. E. (1937). The confusion that is Gestaltpsychology. The American Journal 

of Psychology, 50, 369–383. DOI: 10.2307/1416643 

Spence, K. W. (1937). The differential response in animals to stimuli varying within a 

single dimension. Psychological Review, 44, 430–444. doi: 10.1037/h0062885 

Spence, K. W. (1937). The differential response in animals to stimuli varying within a 

single dimension. Psychological Review, 44, 430–444. doi: 10.1037/h0062885 

Spence, K. W. (1938). Gradual versus sudden solution of discrimination problems by 

chimpanzees. Journal of Comparative Psychology, 25(1), 213-224. DOI: 

10.1037/h0063375. 

Spence, K. W. (1940). Continous versus non-continous interpretations of discrimnation 

of learning. Psychological Review, 47(4), 271-288. DOI: 10.1037/h0054336. 

Spence, K. W. (1941). Failure in size-discrimination of chimpanzees. The American 

Journal of Psychology, 54(2), 223-229. DOI: 10.2307/1416792. 

Statt, D. A. (1998). The Concise Dictionary of Psychology, 3rd Edition. London: 

Routledge. 

Statt, D. A. (1998). The Concise Dictionary of Psychology, 3rd Edition. London: 

Routledge. 

Sterelny, K. (2016). Adaptable individuals and innovative lineages. Phil. Trans. R. Soc. 

B, 371. https://doi.org/10.1098/rstb.2015.0196. 

Sternberg, R. J., Lubart, T. I. (1996) Investing in creativity. American Psychologist, 

51(7):677-688. 



126 
 

Strickland, B. R. (1989). Internal-External Control Expectancies: From Contingency to 

Creativity. American Psychologist, 44, 1–12. 

Sutherland, N. S., & Mackintosh, N. J. (1971). Generalization. In: N. S. Sutherland & N. 

J. Mackintosh (Eds.), Mechanisms of animal discrimination learning (pp. 280–

251). New York, NY: Academic Press, Inc. 

Teixeira, T. B., Maciel, M. A. L., Silva, B. T., Oliveira, M. P., & Tatmatsu, D. I. B. (2020). 

Inserção do treino discriminativo no protocolo cavar/escalar de recombinação de 

repertórios. Revista Brasileira de Terapia Comportamental e Cognitiva. Advance 

online publication. doi: https://10.31505/rbtcc.v21i3.1350. 

Thorndike,  E.  L.  (1911). The  Study  of Consciousness  and  the  Study  of  Behavior.  

In: Animal Intelligence. New York: MacMillian Company 

Thorndike, E. L. (1898). Animal intelligence: An experimental study of the associative 

processes in animals. The Psychological Review: Monograph Supplements, 2(4), 

i–109. https://doi.org/10.1037/h0092987 

Thorndike, E. L. (1927). The Law of Effect. The American Journal of Psychology, 39(1), 

212-222. 

Thorpe, W. H. (1956). Learning and Instinct in Animals. London: Methuen. 

Timberlake, W. (2003). Is the Operant Contingency Enough for a Science. Behavior and 

Philosophy, 31, 1–33. 

Tolman,  E.  C.  (1966f).  The  acquisition  of  string  pulling  by  rats  –  conditioned  

responses  or  sign-gestalt?  In: Behavior and Psychological Man. Berkeley: 

University of California Press. (First Published at 1937). 

Tolman, E. C. (1932). Purposive behavior in animals and men. Berkeley: University of 

California Press. 



127 
 

Tolman, E. C. (1937). The acquisition of string-pulling by rats—conditioned response or sign-

gestalt? Psychological Review, 44(3), 195–211. https://doi.org/10.1037/h0059293 

Tolman, E. C. (1966c). Cognitive maps in rats and men. In: Behavior and Psychological 

Man. Berkeley: University of California Press. (First Published at 1948) 

Tolman, E. C. (1966e). Sign-Gestalt or Conditioned Reflex. In: Behavior and 

Psychological Man. Berkeley: University of California Press. (First Published at 

1933). 

Urcuioli P. J. (2015). A successful search for symmetry (and other derived relations) in 

the conditional discriminations of pigeons. Conductual: revista internacional de 

interconductismo y analisis de conducta, 3(1), 4–25. 

Urcuioli, P. J. (1996). 4 Acquired equivalences and mediated generalization in pigeon's 

matching-to-sample. Advances in Psychology, 117, 55-70. DOI: 10.1016/S0166-

4115(06)80103-2. 

Urcuioli, P. J. (2008). Associative Symmetry, Antisymmetry, and a theory of pigeons' 

equivalence-class formation. Journal of the Experimental Analysis of Behavior, 

90, 257-282. 

Urcuioli, P. J. (2013). Stimulus control and stimulus class formation. In G. J. Madden, W. 

V. Dube, T. D. Hackenberg, G. P. Hanley, & K. A. Lattal (Eds.), APA handbooks 

in psychology®. APA handbook of behavior analysis, Vol. 1. Methods and 

principles (p. 361–386). American Psychological Association. 

Vartanian, O. (2009). Variable attention facilitates creative problem solving. Psychology 

of Aesthetics, Creativity, and the Arts, 3(1), 57–59. 

Ward-Robinson, J. & Hall, G. (1999). The role of mediated generalization in acquired 

equivalence. The Quarterly Journal of Experimental Psychology, 52B(4), 335-

350. 



128 
 

Wasserman, E. A., & Castro, L. (2012). Categorical discrimination in humans and 

animals: All different and yet the same? In B. H. Ross (Ed.), The psychology of 

learning and motivation: Vol. 56. The psychology of learning and motivation (p. 

145–184). Elsevier Academic Press. https://doi.org/10.1016/B978-0-12-394393-

4.00005-4 

Watanabe, S., Sakamoto, J., & Wakita, M. (1995). Pigeons' discrimination of paintings 

by Monet and Picasso. Journal of the experimental analysis of behavior, 63(2), 

165–174. https://doi.org/10.1901/jeab.1995.63-165 

Watson,  J.  B.  (1914). Behavior:  An  Introduction  to  Comparative  Psychology.  New 

York: Holt. 

Watson, J. B. (1913). Psychology as the Behaviorist Views It. Psychological Review, 20, 

158-177. 

Watson, J. B. (1924). Behaviorism. New York: The Norton Library. 

Webb, M. E., Little, D. R., Cropper, S. J. (2016) Insight Is Not in the Problem: 

Investigating Insight in Problem Solving across Task Types. Frontiers in 

Psychology, 7. 

in Problem Solving across Task Types. Frontiers in Psychology, 7. 

Wertheimer, M. (1912). Experimentelle Studien uber das Sehen von Bewegung. 

Zeitschrift für Psychologie, 61, 161–265. 

Wikler, A. (1973). Conditioning of successive adaptative responses to the initial effects 

of drugs. Conditional Reflexes, 8, 193-210. 

Wild, S., Hoppitt, W. J. E., Allen, S. J., & Krutzen, M. (2020). Integrating Genetic, 

Environmental, and Social Networks to Reveal Transmission Pathways of a 

Dolphin Foraging Innovation. Current Biology, 30(15), 3024–3030. 

https://doi.org/10.1016/j.cub.2020.05.069. 



129 
 

Windholz, G. (1984). Pavlov vs. Köhler Pavlov's Little-Known Primate Research. 

Pavlovian Journal of Biological Science, 19(1), 23-31. 

Windholz, G. (1984). Pavlov vs. Köhler Pavlov's Little-Known Primate Research. 

Pavlovian Journal of Biological Science, 19(1), 23-31. 

Windholz, G. (1985). Köhler's Insight Revisited. Teaching of Psychology, 12(3), 165-

167. 

Windholz, G. (1992). Pavlov's Conceptualization of Learning. The American Journal of 

Psychology, 105(3), 459-469. 

Wong, B. B. M., & Candolin, U. (2015). Behavioral responses to changing. Behavioral 

Ecology, 26(3), 665–673. https://doi.org/10.1093/beheco/aru183. 

Wood, W., & Rünger, D. (2016). Psychology of Habit. Annual Review of Psychology, 67, 

1–26. 

Wright, T. F., Eberhard, J. R., Hobson, E. A., Avery, M. L., & Russello, M. A. (2010). 

Behavioral flexibility and species invasions: the adaptive flexibility hypothesis. 

Ethology, Ecology & Evolution, 22, 394–404. 

Zandberg, L., Quinn, J. L., Naguib, M., & Oers, K. (2017). Personality-dependent differences 

in problem-solving performance in a social context reflect foraging strategies. 

Behavioral Processes, 134, 95–102. 

Zentall, T. R., Wasserman, E. A., & Urcuioli, P. J. (2014). Associative Concept Learning 

in Animals. Department of Psychological Sciences Faculty Publications. Paper 

67. DOI: 10.1002/jeab.55. 

Zentall, T. R., Wasserman, E. A., Urcuioli, P.J. (2014). Associative concept learning in 

animals. Journal of the Experimental Analysis of Behavior, 101(1), 130-151. 

https://doi.org/10.1002/jeab.55 



130 
 

Zentall, T.R., Urcuioli, P.J. Emergent Relations in the Formation of Stimulus Classes by 

Pigeons. Psychol Rec 43, 795–810 (1993). https://doi.org/10.1007/BF03395913. 

Zentall, T.R., Urcuioli, P.J. Emergent Relations in the Formation of Stimulus Classes by 

Pigeons. Psychological Record, 43, 795–810 (1993). 

https://doi.org/10.1007/BF03395913. 



131 
 

APPENDIX A – APPROVAL FOR ETHICAL USE OF ANIMALS IN 1 

RESEARCH  2 

 3 



132 
 

APPENDIX B – Individual Solutions of the Direct and Reversa lTests of Experiment 01 (Chapter 02). 

 

Table 2. 

Time series for Position and Relevant Behavior during the Direct Test (part 01) 

Group Subjects 

Epochs (10 seconds) 

1 2 3 4 5 6 7 8 9 

1
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s01                                                             

s02                                                             

s03                                                             

s04                                                             

s05                                                             

s06                                                             

Non-

Insight 

s07                                                             

s08                                                             

s09                                                             

s10                                                             
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s11                                                             

s12                                                             

 

Table 4. 

Time series for Position and Relevant Behavior during the Direct Test (part 02) 

                
Group Subjects Epochs (10 seconds) 
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 s09                                                             

 s10                                                             

 s11                                                             

  s12                                                             

 

Table 5 

Time series for Position and Relevant Behavior during the Reversal Test (part 01) 

Group Subjects 
Epochs (10 seconds) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Insight 

s01                                                           

s02                                                           

s03                                                           

s04                                                           

s05                                                           

s06                                                           

Non-Insight 
s07                                                           

s08                                                           
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s09                                                           

s10                                                           

s11                                                           

s12                                                           

 

Table 6 

Time series for Position and Relevant Behavior during the Reversal Test (part 02) 

Group Subjects 
Epochs (10 seconds) 

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59

Insight 

s01                                                           

s02                                                           

s03                                                           

s04                                                           

s05                                                           

s06                                                           
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Non-Insight 

s07                                                           

s08                                                           

s09                                                           

s10                                                           

s11                                                           

s12                                                           

 1 
 2 

Starting position   
Q1   
Q2   
Q3   
Q4   

Target reach (finished)   
Crossing  
Digging  

 3 
Figure 4. Identification of the marks for Tables 3, 4, 5 and 6.4 
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ATTACHMENT C – Individual performance in Experiment 03  1 

 2 

Starting position   
Q1   
Q2   
Q3   
Q4   

Target reach (finished)   
Crossing  
Digging  

Figure 4. Identification of the marks for Tables 3, 4, 5 and 6. 3 

 4 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

s01

s02

s03

s04

s05

s06

s13

s14

s15

s16

s17

s18
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Table 10. Time series for Position and Relevant Behavior during the Direct Test (part 02)
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ATTACHMENT C – Individual performance in Experiment 03 1 
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Figure 4. Identification of the marks for Tables 3, 4, 5 and 6. 5 


