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ABSTRACT  
 

The study of developmental metacognition was originally proposed as a way to 

better understand memory, by elucidating the processes that act upon and therefore affect 

it.  Much research has been conducted to examine the nature of metacognitive processes, 

and the interaction between metacognitive judgments and learning behavior in adults.  

Developmental research has demonstrated that there is a strong developmental trend, 

such that metacognitive abilities emerge at age four years at the earliest and mature until 

adulthood.  However, this estimate raises a potential paradox, given young children’s 

excellent learning abilities, if monitoring and differentially responding to changes in 

internal states of knowledge is an important component of learning. This dissertation 

proposes that metacognitive processes, like memory-monitoring, rather than being 

distinct from and externally operating on core cognitive process, may be intrinsically 

linked to basic cognitive functions, arising naturally as a result of processing.  By this 

account, metacognitive abilities emerge in implicit form early in development along with 

other developing cognitive functions like memory, and what is observed later as the 

emergence of metacognition may rather be the transition from an implicit and 

undifferentiated process to an explicit and more readily testable process. This dissertation 

presents six experiments exploring the relationship between memory-monitoring in non-

human animals, preschool children, and adults, using a non-verbal paradigm adapted 

from comparative literature. Participants learned a set of visual paired-associates, and at 

test were given the option to selectively accept or decline a memory trial for each item.   

Accuracy for accepted items was significantly higher than for declined in children and 
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there was a similar tendency with adults, suggesting implicit memory-monitoring skills.   

Additionally, a relationship between memory-monitoring assessments and other cognitive 

processes was found, suggesting that memory-monitoring does not function 

independently of other cognitions.  The results suggest that children may have implicit 

access to internal knowledge states at very young ages, providing an explanation for how 

they are able to guide learning, even as infants.  Further the results suggest that the 

relationship between metacognitive and other cognitive skills may be rather more 

dynamic and complex than has typically been described. 
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INTRODUCTION 
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 The purpose of this dissertation is to examine metacognition in very young 

children, bringing together research from three diverse fields; metacognition in adults, 

metacognition in children, and metacognition in non-human animals (hereafter referred to 

as ‘animals’), for the ultimate purpose of better understanding learning in development. 

By definition, metacognition is the ability to reflexively cognate about one’s own 

cognitions.  Current descriptions in psychology have extended this definition to include 

monitoring and regulating aspects of cognitive processes according to changes in one’s 

internal knowledge states.  The research interest in metacognition was initially stimulated 

by memory researchers like Edward Tolman, who hypothesized that to better understand 

memory, an understanding of the processes that act upon memory was needed (Tolman, 

1948).  The interest in metamemory as an adjunct process to memory soon evolved into 

an interest into the very nature of metacognition itself, giving rise to numerous associated 

interests. However, the various fields of metacognitive research so far have not been well 

incorporated with each other, or with related fields of psychology, resulting in a 

somewhat fragmented overall description of metacognition and how it emerges both 

developmentally and phylogenetically.  This situation has resulted in a number of 

weaknesses, three of which will be discussed in this introduction.  First, current 

descriptions of metacognition largely fail to describe how metacognition develops, but 

rather describe metacognition as not existing at some ages, then existing at later ages and 

developing to a more adult-like level of maturity.   Second, current descriptions of 

metacognition in adult humans rely on at least some level of conscious awareness, 

making it difficult to resolve theories of metacognition in adults with findings from 
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research with animals, and resulting in artificial divisions between the metacognitive 

‘haves’ and ‘have-nots,’ that may be more a result of methodological differences than 

true distinctions.  Third, although metacognition in adults has begun to address the 

question of how self-monitoring can affect learning, the idea that young children are not 

capable of metacognitive skills has resulted in a failure to extend this line of research 

with children, who are known to learn well in the absence of external goals and feedback, 

essentially demonstrating self-guided learning. This dissertation reviews the three above-

mentioned related fields of metacognition, and from there presents an alternate view of 

metacognition than the view that is currently prevalent in human research, taking into 

account the varying nature of metacognitive abilities across ages and species, and 

extending those findings to very young children, who are typically excluded from the 

realm of current metacognitive descriptions.  The dissertation will present empirical data 

to support the metacognitive description presented here and relate these findings to 

developmental research in other areas.    

 The first problem with the state of metacognitive research is that current models 

of metacognition fail to adequately describe how an adult metacognitive system 

transitions from non-existence in young preschool children to emerge as a full fledged, 

dual process, explicitly accessible system in the early school years.  This problem is well-

recognized in areas of developmental research that seek to explain the origin of complex 

cognitive systems that are not evident early in life, but appear later, in a form that is 

difficult to fully explain given no prior evidence of existence.  For example, in studying 

the development of syntax in children, there are many debates about how adult-like 
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syntax arises from mechanisms that appear insufficient to account for the rapidly 

observed changes merely by scaling up (Chomsky, 1980).  This developmental chasm 

results in appeals to such things as universal grammars, and parameter setting theories, 

that describe an interaction between innate factors, which could conceivably facilitate a 

transformation in the character of linguistic understanding, and cognitive learning factors. 

In the domain of language development, the ultimate target of adult syntax has been 

extensively studied, ensuring that the adult system actually is as complicated as 

hypothesized, and that the scaling up problem is a legitimate target for research.  

However, in the area of metacognition, the true characterization of metacognition is still 

uncertain (Koriat, 1993; Nelson & Narens, 1990; Reder, 1996; Reder & Schunn, 1996).  

Therefore, the fact that it is not possible to account for how a mature metacognitive 

system can evolve from apparent non-existence calls into question the current 

conceptualizations of metacognition and emphasizes the need to incorporate existing 

research from multiple areas of metacognitive research.    

 A second weakness resulting from the lack of cohesion in the field of 

metacognition results from possible links between metacognition and conscious 

awareness (Nelson & Narens, 1990, 1994) and results in different views of metacognitive 

in abilities in adults, children and animals.  The question of whether the ability to 

accurately self-monitor cognitive states implies a certain level of self-awareness is 

relevant to philosophical questions about the nature of consciousness.  Similarly, this 

question of conscious self-awareness directly bears on questions about the essential 

nature of what it is to be human, and what separates human cognition from that of other 
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animals.  Despite research on metacognition in animals and humans, this question 

remains largely unresolved. Many models of metacognition in humans imply at least 

some conscious awareness, necessarily excluding animals, despite evidence from 

comparative research suggesting that some animals do have metacognitive abilities.  

These models similarly deny metacognition to preverbal infants and even young children, 

who have questionable levels of conscious awareness.  In part, the lack of cohesion is due 

to differences in the research methodologies used with adult humans, which rely on 

verbal reporting on introspected knowledge states, and those used with animals, which of 

course cannot utilize such reports and therefore rely on more indirect measures.  Further, 

models of metacognition in adults fail to take into account the demonstrations of 

differential behavior based on states of uncertainty or knowledge in animals and young 

human infants, thus discounting the evidence suggesting the existence of rudimentary and 

tacit metacognitive abilities in non-verbal populations.  However, metacognition research 

in animals has resulted in different descriptions of metacognition than those that have 

arisen from adult human research. The few attempts to integrate research from adult and 

monkey metacognition have resulted in a perhaps too hasty conclusion that monkeys may 

have metacognition, while children do not.  This is due, in part, to the fact that while 

children are often tested by adult human criteria, using scaled down adult paradigms and 

relying on verbal report, monkeys and other animals are tested on different criteria, using 

paradigms specifically designed for their cognitive capacities, and relying on behavioral, 

not linguistic, responses.  Thus, there is a sort of metacognitive ranking, which as it now 

stands, credits adult humans with the best metacognitive abilities, children with the worst, 
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and monkeys in the middle.  This description is as unsatisfying as the developmental gap 

described above: rather than describing a continuous system, the work on adult humans, 

children, and monkeys is described as a set of snapshot views.  Incorporating 

methodologies from animal literature to develop more appropriate tasks for children 

might result in new insights about the development of metacognition, ultimately resulting 

in more fully developed model of metacognition in mature, consciously aware adults.  

Finally, metacognitive research in adults has been explored in relationship to 

other cognitive processes like learning (Nelson, Dunlosky, Graf, & Narens, 1994; Son, 

2004, 2005; Son & Sethi, 2006).  However, this interest has not been extended to 

developmental metacognitive research, despite the ongoing interest in learning in infancy.  

To learn effectively, individuals must solve the problem of when to rely on their own 

knowledge structures to modulate encoding of information in the world, and when to rely 

on information in the world to change their knowledge structures. One cognitive tool that 

could be brought to bear on the problem of differentially weighting internal and external 

information sources is metacognition.  In adult metacognitive research, the relationship 

between certain types of metacognitive judgments and approaches to learning has begun 

to be explored, suggesting that people differentially allocate study time according to self-

assessed learning. However, many adult models of metacognition exclude infants and 

children.  Thus, the relationship between metacognition and learning in infants and 

children has not been explored despite, the fact that infants and children are known to 

learn very quickly in the real world and in complex experimental tasks such as language 

learning, in which there is no explicit goal, and little to no feedback guiding specific 
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learning trajectories (Aslin, Saffran, & Newport, 1998; Gerken, 2006; Gomez, 2006; 

Newport & Aslin, 2004; Thiessen & Saffran, 2003).  Infants’ rapid learning and 

generalization stands in contrast to most computational models of learning, which require 

numbers of learning trials that exceed by orders of magnitude the numbers of trials 

required by human infants (Kuehne, Gentner, & Forbus, 2000).  Given infants’ rapid 

learning, often in unsupervised learning situations, a reasonable hypothesis is that infants, 

like adult, may be able to differentially respond to information dependent upon their own 

knowledge structures.  This view of infants and young children potentially raises a 

paradox if accessing their own cognitive states is a crucial component of learning 

processes.  Evidence for implicit metacognition comes from research with animals, but 

since this research has not been extended to young children, it has not possible to address 

the question of the role of metacognition in early learning.  

One approach to synthesizing the research findings from adult, animal, and 

developmental metacognition is to reformulate the definition of metacognition, and thus 

allow for emergent metacognitive skills across species and age ranges. Metacognition as 

a field in its own right has resulted in a number of theories in about the component 

processes and interactions required of a metacognitive system.  Some models, like the 

Dual Process model, require a certain level of cognitive complexity and conscious 

awareness, and conceive of metacognitive processes as being separate from and operating 

upon memory processes (Nelson & Narens, 1990).  Other models, like the one proposed 

by Koriat & Goldsmith (1993) describe a more integrated memory and memory-

monitoring system. What is proposed in this dissertation is that self-referential functions 
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such as monitoring one’s own memory are linked to core processes like memory, with the 

self-referential functions emerging implicitly in infancy along with the core processes.  

Metacognition, which is described as consisting of both monitoring and control processes 

in adults, may exist in infants as one undifferentiated system, and what is viewed as the 

emergence of metacognitive control at later ages may rather be the transition from a 

unitary system to a more well-differentiated, explicit system.  Metacognitive processes 

may be simple mechanisms that arise as a natural effect of memory processes themselves. 

For example, perhaps memory traces for items of different memory strength can result in 

differential emotional states (Zajonc, 1968).  A feeling of knowing could arise from a 

feeling of liking, or a feeling of liking may be what marks an item as being ‘known’, and 

disliking what marks it as ‘not-known.’ In this dissertation, I will explore existing 

evidence for this proposal by examining two questions. The first is whether three-year-

old children can demonstrate evidence of implicit memory monitoring in a paradigm 

adapted from comparative research with rhesus monkeys.  The second is whether there 

are significant individual differences in memory-monitoring that coincide with 

differences in memory, suggesting that the two skills are intrinsically linked.  This 

dissertation will present six experiments.  The first is a pilot experiment, to ensure 

adequate test design.  The second and third experiments directly assess whether children 

can differentially respond to states of knowing versus uncertainty under two memory 

conditions.  The fourth rules out possible interpretations of the second and third that do 

not involve memory monitory. The fifth and sixth replicate the developmental research in 

adult humans, for purposes of comparison.  In the discussion chapter, the experimental 
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evidence suggesting that 3.5-year-olds can monitor how certain they are about the 

contents of their own memories will be placed in the greater context of ongoing research 

in adult and developmental cognition.  
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METACOGNITION IN ADULTS 
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I.  Introduction 

  To understand how monitoring ones own internal states of knowledge is 

important in developmental research, it is important to understand prevalent models of 

metacognition in adults and how they extend, or fail to extend, to children. The idea of 

metacognition as an important factor in understanding memory was discussed as early as 

1970 by Endel Tulving (Tulving & Madigan; in Nelson & Narens, 1994).  It was brought 

to more general interest by Flavell and Wellman (1977), who highlighted the idea that 

studying aspects of metamemory would significantly contribute to better understanding 

memory development in young children (Flavell & Wellman, 1977).  This early interest 

in metacognition was initially aimed at better understanding memory by gaining an 

understanding of intrinsic factors that affect it.  The article suggested a framework for 

understanding metamemory, and described a strong developmental trend such that adults 

were much more skilled at metamemory tasks than children. Although Flavell and 

Wellman’s article did not introduce the idea of memory monitoring, it was very 

influential in stimulating interest in metacognition. Interest began to develop in the 

inherent nature of metacognition itself, and resulted in the development of standard 

measures of metacognitive judgments, and descriptive models, like the Dual Process 

model (Nelson & Narens, 1990, 1994), and the Trace Accessibility model (Koriat, 1993).  

While most metacognitive models imply conscious awareness and rely on explicit 

measures, there is some discussion that metacognition may rather be driven largely by 

implicit mechanisms (Diana & Reder, 2004; Reder & Schunn, 1996), a theory that has 
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significant implications for the availability of metacognition to young children, who 

typically fail explicit metacognitive tasks before age four, and to non-human animals.  

This question of whether metacognition can be implicitly available is important if one 

considers the question of whether metacognition can be a tool for learning, a question 

that has been examined through theories that explore optimization of learning as a result 

of one particular type of metacognitive assessment, judgments of learning.  This interest 

in metacognition and learning brings the focus back to the original ideas of Flavell and 

Wellman (1977), that of better understanding memory by understanding the processes 

that act upon it. 

In the following sections, the original Flavell and Wellman work, and subsequent 

adult models of metacognition including the Dual Process model, the Trace Accessibility 

model, theories of implicit metacognition, and theories of optimization of learning will be 

discussed.  

   

II.  Flavell and Wellman’s Concept of Metamemory 

Metacognition was brought into focus in an influential article by Flavell & 

Wellman (1977), which described how a number of factors may interact in memory 

performance on a given task under given conditions, and suggested that understanding 

memory development entails taking into account development of multiple types of 

knowledge about memory. Metamemory, on this view, consists of two components; 

variables (knowledge about factors that affect memory performance) and sensitivities 

(cognitive processes enacted upon memory, similar to what are now typically considered 
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to be executive function skills).  Variables, often called declarative metamemory, include 

‘person variables,’ ‘strategy variables,’ and ‘task variables.’ Person variables refer to 

knowledge about one’s own memory, such as personal attributes and current memory 

states.  Strategy variables refer to knowledge of what types of memory activities, like 

verbal rehearsal, can result in different memory performance.  Task variables refer to 

knowledge about what makes different types of information more difficult to store and/or 

retrieve, for example unfamiliar items may be more difficult to recall than familiar. 

Sensitivity, also called procedural metamemory, refers to the ability to differentially act 

on memory processes, such as the ability to generate and execute representational 

schemas of initial and goal states, and transformation rules, and the ability to integrate all 

these information types.  The dichotomy between declarative and procedural 

metamemory differentiates between having some knowledge about learning and memory, 

and being able to apply it to oneself to optimize performance.  Thus, it is possible that a 

person could know what types of attributes and behaviors would make someone learn 

better, but not have to ability to reflexively apply that knowledge to their own behavior. 

A further description of experiments supporting Flavell and Wellman’s proposal will be 

reviewed in Chapter 3, Metacognition in Children.  

Flavell and Wellman’s article reviewed a number of studies with young children, 

the overall conclusion of which was to suggest that children show emergent metamemory 

abilities beginning in late preschool, and show a strong developmental trend, with 

children of almost every age group and in almost every experiment well outperforming 

younger cohorts.  This highly cited work and similar articles were important for bringing 



 25 

to focus the idea that processes applied to memory could be a significant contributing 

factor to memory itself, and metamemory became a topic of great interest in psychology.  

 

III.  Explicit Measures of Metacognition 

The interest in metamemory sparked by Flavell & Wellman’s influential article 

soon evolved away from both the developmental domain and the interactive memory 

focus, and towards an interest in the basic mechanisms underlying metacognition in 

adults. Although declarative metamemory is acknowledged in this literature, most current 

metacognitive research, and the research discussed in this chapter, refers to procedural 

metacognition.   

Metacognition has been measured in various ways, and metacognitive 

assessments have been generally categorized into discrete types, such as ease of learning 

judgments (EOLs), judgments of learning (JOLs), and feelings of knowing (FOKs), each 

of which purportedly reflects a different component of monitoring.  EOLs are inferences 

about the learnability of encountered but as-yet unstudied items. JOLs are inferences 

about how well one will be able to access recently learned material.  FOKs are judgments 

about the future accessibility of items one has studied but has yet to recall, or has failed to 

recall at least once (Nelson & Narens, 1990, 1994).  Various studies have confirmed 

distinctions among of these types of judgments and their accuracy in reflecting actual 

knowledge (Leonesio & Nelson, 1990; Nelson & Leonesio, 1988; Nelson & Narens, 

1990).   For example, in one study, adults learned 20 paired associates (unrelated nouns) 

and made EOL, JOK (judgment of knowing, similar to JOL), and FOK judgments, which 
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were then compared to their actual learning and test performance.  Prior to learning, 

subjects viewed all the items and made EOL judgments by individually ranking items by 

relative difficulty.  Next, subjects studied paired associates until, for each pair, when 

given the target they could recall its mate on at least one trial.  After learning the paired 

associates, subjects made JOKs, ranking items by how well they thought they knew them.  

Four weeks post learning, subjects were given a memory test, in which they saw one 

word of the pair, and were asked to recall its associate, for all pairs.  For items they failed 

to recall, subjects were asked to report whether they thought they would recognize the 

correct paired associate if they saw it, demonstrating a FOK judgment.  Subsequently, for 

each failed word, subjects saw its target among distracter words (which were targets for 

other paired associates) and were asked to select the correct one.  EOL judgments 

accurately predicted the amount of time it took to learn different pairs, such that items 

judged to be easier to learn were learned more rapidly.  JOKs were good predictors of 

both later recall and recognition, such that items judged to be well learned were 

remembered better at subsequent testing.  FOKs were good predictors of recognition 

performance, but did not differ in this regard from the JOKs made immediately after 

learning material two weeks prior.  This set of findings suggests that people’s 

assessments of their knowledge to some extent do reflect their actual performance.  

Interestingly, EOLs, JOKs, and FOKs did not correlate with each other, leading the 

authors to conclude that each of these judgment types, although an accurate estimate of 

self-knowledge, is independently driven (Leonesio & Nelson, 1990).   
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Various models arose to account for the observed metacognitive findings. Two 

models that will be presented below are the Dual Process model, and the Trace 

Accessibility model.  

 

IV.  The Dual Process and Trace Accessibility Models of Metacognition 

  One very influential model of metacognition, the Dual Process model, was 

introduced by Nelson and Narens (Nelson & Narens, 1990, 1994).  According to the Dual 

Process model, there are two distinct and independent, although interrelated, components 

to metacognition that act together to keep track of memory processes and to alter 

behavior based on ongoing status.  These are the monitoring (object) level and the control 

(meta) level processes.  The object, or self-monitoring level monitors current status 

relative to a goal, providing information to the meta, or control level, which controls 

cognitive processes (by initiating, continuing, or ending processes) in response. There can 

be many meta and object layers, embedded within each other, such that something can be 

an object level for one layer and a meta level for another layer.   Figure 2.1 depicts the 

Dual Process model.   Metacognitive monitoring is reflected in this model through 

different kinds of explicit judgments including EOLs, JOLs, FOKs, and also confidence 

ratings.  Metacognitive control is reflected in processes that are similar to executive 

function processes, such a allocating study time, or differentially processing information.   



 28 

 

Figure 2.1: The Dual Process Model of metacognition according to Nelson and Narens, 

1994. 

According to this model, the metacognitive processes described above operate 

with memory processes sequentially in time, through a series of monitoring and control 

events.  For example, in a typical retrieval study involving FOKs and confidence 

judgments, a subject is asked if they think they can recall a piece of information, for 

example, “do you think you know the capital of Kenya?”  The subject generates an initial 

FOK, a feeling of whether they know the answer or not. If they do, and the strength of the 

feeling is above threshold, the person answers “yes” and initiates a memory search.  As 

the search continues, the person either finds a potential target, or fails to do so.  If a target 

is found, the person assesses their confidence in this target, and if it is above threshold, 
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outputs a response.  If the person fails to produce a target, they go through similar steps 

to again re-evaluate the likelihood of successful memory retrieval, and the relative merit 

of continuing or terminating processes.  

A key aspect to the Dual Process model is that assumes that, upon being given a 

retrieval task, a metacognitive monitor generates an initial FOK judgment independent of 

the memory search, the result of which will determine whether a subsequent memory 

search starts.  An alternate conceptualization of metacognition is described in the Trace 

Accessibility model (Koriat, 1993).  In contrast to the Dual Process model, the trace-

accessibility view holds that when a person is asked a retrieval question, a memory 

search begins.  As the memory search progresses, information about both the quality and 

the quantity of information being retrieved becomes available, and it is precisely this 

information that leads a metacognitive judgment.  This information derives from both 

implicit and explicit fragments of information that may be associated with a particular 

memory, for example episodic components available from when the memory was 

encoded, or information about the item that is not currently relevant.  For example, in the 

tip-of-the-tongue phenomenon, a person is not able to recall a given word but feels like 

they can almost recall it.  Often a person in this state can describe characteristics 

associated with that word, like what it means, or perhaps some letters that are in it, or 

how many syllables it has.  If the word is a person’s name, the retrieval process might 

result in some physical or personality descriptors.  According to the Trace Accessibility 

view, these kinds of information, the natural and by some view superfluous side effects of 

a memory search for that particular word, would contribute to an overall feeling of how 
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likely a person was to eventually be able to experience successful retrieval, driving an 

FOK judgment.   This model differs significantly from the Dual Process model in that it 

assumes that memory and memory-monitoring processes are not independent of each 

other, but that metamemory processes can derive from inherent aspects of memory 

processes, and can reflexively feedback to drive such processes in a particular direction 

(Koriat, 1993, 1994, 1995; Lockl & Schneider, 2002).   

There is a large literature that discusses the various strengths of both of these 

models, and describes various evidence for each one, and both models have strong 

proponents (Barnes, Nelson, Dunlosky, Mazzoni, & Narens, 1999; Dunlosky & Thiede, 

1998; Goldsmith & Koriat, 1999; Koriat, 1993, 1994, 1995; Leonesio & Nelson, 1990; 

Lockl & Schneider, 2002; Nelson & Narens, 1990, 1994; Thiede & Dunlosky, 1999).  

One difference between the two models that is significant for question of whether young 

children are capable of metacognition is that the Dual Process model implies a certain 

level of cognitive complexity and conscious awareness.  This requirement would seem to 

eliminate very young children and non-human animals from having metacognition, at 

least to the extent described by the model.  In notable contrast, the Trace Accessibility 

model acknowledges the importance of implicit memory processes and how they can 

influence metacognitive judgments.  This model would allow for metacognitive processes 

in animals and humans who are not capable of verbal report, whether or not they have 

conscious awareness.  As we will see in the Chapter 4, Metacognition in Animals, there is 

increasing support for the hypothesis that animals do, indeed, have access information 

about to their memory states.  And indeed, there is evidence that implicit and non-
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verbalizable processes may be involved in metamemory in adult humans, as well (Diana 

& Reder, 2004; Reder & Schunn, 1996).   

 

V.  Evidence for Implicit Metacognitive Mechanisms in Adults 

Unconscious or implicit notions of metacognition have been highlighted in recent 

discussions of metacognition, working memory, and executive function (Fernandez-

Duque, Baird, & Posner, 2000; Koriat, 2000; Prins, Veenman, & Elshout, 2006; 

Shimamura, 2000; Souchay, Isingrini, Clarys, Taconnat, & Eustache, 2004), and there are 

some researchers who hold that implicit mechanisms may be key to metacognition.  

Reder (1996) stated ‘…the control of cognitive processing is not achieved through 

explicit monitoring.  Instead, we believe that the control of cognitive processing is 

primarily achieved through implicit learning and implicit memory’ (italics in original) 

(Reder & Schunn, 1996, p. 46).   She proposed that metacognition, and FOKs 

specifically, rely on implicit mechanisms, more specifically, mechanisms that are not 

verbally reportable, or available for introspection. This argument is built on the premise 

that actual performance on many types of tasks relies on memory, and thus necessarily 

relies on selecting the most appropriate ‘strategy’ for encoding and retrieving 

information.  This strategy selection is secondary to metacognitive processes, whose 

function is to monitor and control memory processes to optimize performance on tasks 

involving memory, including strategy selection.  People are often able to evidence 

strategy use without any apparent recognition of that strategy, or factors leading to its 

adoption, therefore, it is likely that many of the metacognitive processes directing 
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memory activity are similarly implicit. Reder further claimed that subjects, therefore, 

make FOK judgments without knowing what caused their feeling, and that it may be 

based on superfluous factors arising from sources other than conscious awareness of 

knowledge states.  For example, in one study, participants played a mock game show, in 

which they were asked general knowledge questions of varying difficulty.  Half of the 

participants responded as fast as possible with an FOK regarding whether they thought 

they could answer the question, and subsequently went on the answer the question, while 

the other half skipped the FOK and answered the question only.  Prior to the game show, 

participants were primed with vocabulary from select test questions, making primed 

items on the game show more familiar but theoretically equally well known as unprimed 

items.  Subjects made faster FOKs for primed than unprimed answers, and they predicted 

knowing more primed than unprimed difficult items, suggesting that their FOKs were 

inflated by prior exposure to the information, despite its irrelevance to the actual game 

show task.  People in the answer-only condition were faster to respond to unprimed than 

primed items, an effect that is opposite to the FOK finding, but consistent with the idea 

that priming of items may have actually caused some interference, affecting later access.   

Across both the FOK and the answer-only group, there was no effect on actual 

performance at accessing memory to answer general knowledge questions; therefore it 

suggests that subjects’ metacognitive judgments were influenced by factors other than 

access to their actual knowledge.   

An alternate conceptualization of metacognition that utilizes implicit judgments 

comes from research on peoples’ abilities to monitor their states of uncertainty.  In these 



 33 

paradigms, participants are typically exposed to perceptual discrimination tasks that vary 

on a two dimensional continuum, and are allowed to opt out of select trials.  It is 

predicted that participants will feel more uncertain at trials near their perceptual 

discrimination threshold, and therefore will opt out of more trials near that threshold.  

This paradigm has been utilized in research with non-human animals, and a more detailed 

description will follow in Chapter 4.  Responding on uncertainty paradigms does not 

require verbalizable conscious awareness, and the fact that these tasks have been used 

successfully with animals suggests that there are some elements of metacognition that are 

implicit (Smith, Shields, Schull, & Washburn, 1997; Smith, Shields, & Washburn, 2003; 

Smith & Washburn, 2005; Washburn, Smith, & Taglialatela, 2005).  For example, in an 

uncertainty monitoring experiment involving a visual discrimination task, adults viewed a 

computer screen showing a pixel-filled box, an ‘s,’ and a star.  Their task was to decide 

whether the box had exactly 2,950 pixels in it, in which case they selected the box, or 

fewer pixels, in which case they selected the ‘s’ that was visible on the screen.  Selecting 

the star allowed them to opt out a given trial.  Correct responses earned points, incorrect 

responses carried a penalty of a one-point loss, and opting out of trials was free of reward 

or loss.  As predicted, participants optimally used the opt-out option maximally at their 

discrimination threshold, suggesting that they were responding to feelings of uncertainty.  

Interestingly, in this study, participants also completed an additional set of personality 

and temperament tasks, to explore whether individuals who used the uncertainty option 

optimally differed in other cognitive attributes from people who utilized the response less 

optimally.  Subjects who utilized the uncertainty response more optimally demonstrated 



 34 

faster visual search, larger stroop effects, and higher scores on many of the self-rated 

questionnaires, suggesting that individuals who differ in metacognitive task performance 

may differ on other cognitive variables, too. As we will see in the Chapter 4, 

Metacognition in Non-Human Animals, which describes research building on the 

uncertainty paradigm, tasks that rely on non-verbal behaviors have revealed intriguing 

findings about metacognitive abilities in animals, strengthening the argument for implicit 

processes.  The work on monitoring uncertainty provides an additional source of 

evidence that metacognitive processes may operate at a level that does not require 

conscious awareness, but may implicitly influence behavior. This study demonstrates two 

things. First, metacognition is not a skill isolated from other putatively more central 

cognition skills. Second, metacognition can be measured implicitly, and may rely on 

implicit and explicit processes. 

The idea that mental processes rely on an interaction between conscious and 

unconscious, or implicit and explicit, processes is hardly new to psychology, and it is a 

reasonable assumption that metacognitive processes rely on similar interactions.  The line 

of research focused on implicit metacognitive mechanisms is not clearly visible in much 

of the current literature.  However, the implications for current models are significant.  If 

one allows for implicit mechanisms, it opens to infants and non-humans animals the 

possibility for using such tools to guide their cognitive performance.  One way in which 

this could be useful is by using such assessments to guide learning behavior.   
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VI.  Theories of Optimization of Learning 

  Although much research on metacognition has focused on understanding the 

phenomenon itself, the motivation for studying metacognition as a tool that interacts with 

learning process has arisen from the study of JOLs, or judgments of learning.  “One of 

the best reasons to study metacognition is because it has the potential to play a large part 

in guiding how people study and, as a result, in how effectively they learn” (Kornell & 

Metcalfe, 2006, p. 609).   In keeping with this interest in metacognition as a learning tool, 

a number of studies have focused on JOLs and allocation of study time under controlled 

learning situations to determine how people optimize learning on an ongoing basis in 

relation self-judged item difficulty and external constraints, like time limits (Dunlosky & 

Thiede, 1998; Kornell & Metcalfe, 2006; Metcalfe & Kornell, 2005; Son & Sethi, 2006; 

Thiede & Dunlosky, 1999).  In a typical paradigm, people are given a set of items of 

varying difficulty to learn under specified time constraints and their study strategies are 

examined as a function of explicit metacognitive judgments.   It is assumed that JOLs for 

individual items will be dynamic over study time, with increasing values as items become 

better learned, and static or very low values for unlearnable items.  Further, it is assumed 

that the internal aspect of motivation in these paradigms is the goal of having the JOLs 

for each study items reach a self established criterion value, at which point the item is felt 

to be satisfactorily learned.    Theories resulting from this line of research describe a 

relationship between monitoring of item difficulty and learning rate, and control of 

cognitive study strategies.  
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A person’s study decisions are thought to be based on relative subjective 

difficulty of individual items, and monitoring of one’s learning to maintain an optimal 

rate (Dunlosky & Theide, 1998; Metcalfe & Kornell, 2005; Son & Sethi, 2006; Thiede & 

Dunlosky, 1999), with a goal of optimizing learning by reducing maximal uncertainty.  

Thus learners allocate different strategies for items that differ in complexity, under 

varying time constraints. For example, the Discrepancy Reduction model proposes that 

when people encounter a set of items to be learned, they assess each item and compare 

their level of actual competence with it to their level of desired competence.  Learners 

then focus their efforts on the hardest items, or those assessed to be at the furthest 

distance from the level of desired competence, and study them until this discrepancy is 

minimized (Thiede & Dunlosky, 1999).  Therefore, items that are more difficult will be 

studied longer, since it will take longer for them to reach the self-set threshold of 

knowing criterion.   

However, as pointed out by Metcalfe and Kornell (2005), if learners operate by 

principles of the Discrepancy Reduction model, they could fall into an area of never-

ending study (the ‘labor in vain’ effect), if the items that are the most difficult turn out to 

be unlearnable, and would, perhaps, never learn easily learnable items which were last in 

line for study.  Therefore, they proposed an alternative model, the Region of Proximal 

Learning model (Metcalfe & Kornell, 2005).  According to this model, learners have yet 

another type of metacognitive judgment called a judgment of rate of learning (jROL), and 

learners utilize this to maintain optimal rate of learning.  Learners have a goal of 

optimizing their rate of learning, such that they strive to maintain a particular, self-
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established criterion of learning rate over time.  Learners focus study time on learnable 

but as yet unlearned items, and persevere with selected items until their efforts are 

successful, or determined to be not worth sustaining due to lack of learning.  This is 

accomplished through two metacognitive processes, choice, or deciding which items to 

study and in what order, and perseverance, or deciding how long to study each item.  In 

the choice stage of metacognitive judgment people opt which items to study and in which 

order.  Items that are assessed as already known are discarded as candidates for further 

study. Remaining items are ranked from easy to difficult, with self-assessed easy items 

being ranked as higher priority for study than very difficult.  The perseverance phase 

occurs while an item is being studied.  During this time a person makes what is called a 

jROL, or judgment of rate of learning.  Theoretically, when the rate of learning drops to 

zero it is either because an item is so difficult that no learning can occur, or an item is 

fully learned.  Thus, as one studies an item the rate of learning will diminish the better the 

item is learned.  Learners will persevere with an individual item until the learning rate 

drops to near zero, although the actual number may vary with between learners.  A 

unique aspect to the Region of Proximal Learning model is that what is important in 

establishing a threshold for when to stop studying is not a static amount of information, 

or level of knowledge, but rather continual monitoring of uncertainty reduction, to keep 

learning at an optimal rate regardless of the amount of information one has absorbed.  

Therefore, a learner must monitor not just level of uncertainty, but the change in the level 

of uncertainty over trials, to compare whether the current rate of change has dropped 

below a certain threshold.  This approach enables a learner to behave differently in an 
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information-rich or an information-sparse environment, and to respond differently to 

difficult or easy information.   

 The Region of Proximal Learning model and other models of optimization of 

learning are significant in returning metacognitive research to the realm of questions 

involving core processes like learning and memory, the original interest for this line of 

research.  In addition, these models suggest that metacognitive monitoring can be an 

effective tool for allowing a learner to flexibly respond to a learning environment as 

ones’ own competency with the material changes.  An important skill for adults, it may 

also be an important skill for infants, who are often placed in potential-learning 

environments, with little external information to cue them about relevant structures, and 

perhaps non-human animals, who can demonstrate some memory-monitoring skills (see 

Chapter 4).    

 

VII.  Summary of Adult Metacognitive Research  

To summarize, early research on metamemory denoted two components – 

declarative, or knowledge of factors that affect memory performance, and procedural, the 

ability to monitor and control memory processes.  From this basic dichotomy arose an 

interest in various types of explicit metacognitive judgments, like feelings of knowing 

and judgments of learning.   Resultant metacognitive models, like the Dual Process 

model, tended to focus on the structure of metacognition, putting aside the questions of 

how it influenced memory. This line of research, and the Dual Process model, have been 

well accepted and are highly influential in shaping current views of what does or does not 
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constitute metacognition, including an emphasize on explicit, or consciously accessible 

metacognitive processes.  There has been discussion of implicit metacognition, 

suggesting that perhaps metacognition could be better understood by taking into account 

implicit processes.  Finally, one component of metacognition that has attracted interest is 

how one’s metacognitive assessments can drive behavior in learning, resulting in theories 

of optimization of learning. These theories argue that learners may rely of self-

assessment of their own learning in order to most successfully make decisions about how 

to direct ongoing efforts, for example by allocation study time.   Interest in judgments of 

learning (or JOLs), and theoretical models of optimization of learning are particularly 

relevant to the research of this dissertation, since theories emphasizing JOLs assert that, 

at least in structured learning situations, adults utilize metacognitive assessments in a 

dynamic way to modulate ongoing learning by differentially allocating study time.  This 

theory is similar to an idea in the infant literature: that infants’ differential preference for 

novel and familiar items in standard habituation paradigms is due to their having reached 

a level of proficiency with the information therein (Hunter & Ames, 1988).   

However, to date, this line of research has not been well-extended to 

developmental work.   Rather, most developmental research has relied more heavily on 

exploration of children’s abilities to accurately report metacognitive mechanisms, often 

using scaled-down versions of adult experiments with young children. The research 

suggesting the existence of implicit metacognition, taken together with the research 

suggesting that learning may be driven by metacognition, makes a strong case for re-

examining current beliefs about metacognition in children.  Perhaps the focus on explicit 
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measures has obscured early available metacognitive mechanisms and their function in 

learning, which could be better elicited through non-verbal tasks. 
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METACOGNITION IN CHILDREN 
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I.  Introduction 

When Flavell and Wellman (1977) brought the concept of metamemory into the 

forefront of research, it was to discuss processes that affect memory in development 

(Flavell & Wellman, 1977).  In this article, they reviewed evidence from various sources 

in an attempt to describe the emergence of metacognition in children, mostly focused on 

declarative metacognition.  This article spurred an interest in research in metacognitive 

development.  Young children are generally not credited with strategic responding based 

on self-assessments until late preschool at the earliest, despite having developed an 

extensively organized knowledge base by then. Although by age three children are 

reliably able to show some early metamemory indicators like the use of verbs ‘think’ and 

‘know,’ and will occasionally spontaneously say things like ‘I’m thinking,’ it is not clear 

how accurate these statements are at reflecting true mental states or activities (Flavell, 

Green, & Flavell, 2000; Kuhn, 2000).  Since then, exploration on declarative and 

procedural metacognition has revealed a similar developmental trend.  In fact, a 

compendium of research demonstrates children’s poor performance compared to adults’ 

on a variety of metamemory tasks, suggesting that there is little evidence for either 

procedural or declarative metamemory abilities before the ages of four to five (Dufresne 

& Kobasigawa, 2001; Flavell, 1970; Flavell, Green, & Flavell, 1995; Flavell et al., 2000; 

Lockl & Schneider, 2002; Myers & Paris, 1978; Schneider, 1999; Schneider, Kron, 

Hunnerkopf, & Krajewski, 2004; Schneider & Sodian, 1988).   

However, recent research utilizing different methodologies has suggested that 

perhaps children at younger ages are capable of metacognition.   In addition, research in 
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related areas demonstrates that very young children can differentially respond to 

information as a function of their own knowledge.  The following sections will review 

the metacognitive development research, beginning with declarative metacognition.  In 

the next section, procedural metacognition will be examined by reviewing literature that 

explores ease of learning, feeling of knowing, and judgments of learning paradigms 

similar to the methods applied with adults.  Finally, this chapter will describe some 

literature on young children’s differential reactions to information as a function of their 

own knowledge, suggesting that they perhaps have tacit access to their own states of 

knowledge before it is evident in standard metacognitive experiments.   

 

II.  Declarative Metacognition 

 Recall that, according to Flavell and Wellman (1977), metamemory can be 

divided into two types, declarative and procedural.  Declarative metamemory is the 

ability to reflect on factors that affect memory and memory performance, including 

internal variables such as your own ability to memorize information, and external 

variables like what types of factors (like list length) can affect memory performance.  

Procedural metamemory is the ability to cognitively regulate and control memory 

processes.  There is some evidence that preschool children can demonstrate emergent 

declarative metamemory skills, but that it is not until they reach early school age that they 

become more proficient at recognizing and utilizing metamemory factors.   

  Preschool children, although less metacognitively sophisticated than children 

even one or two years older, are able to demonstrate some rudimentary metamemory 
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skills.  They can recognize some factors that can affect memory, like list length (Myers & 

Paris, 1978; in Schneider, 1999) and can act differentially to improve their own memory 

performance.  For example, young children who were instructed to remember the location 

of an object over a delay showed different behaviors over the delay, like looking at and 

touching the location, than children who were merely instructed to wait, and ultimately 

had better memory performance.  These results were replicated by Baker-Ward, Ornstein, 

and Holden (1984),  who demonstrated that four-year-old children assigned to a memory 

group and instructed to memorize a set of toys visually examined and labeled toys more 

often then children who were assigned to a play group, although these behaviors were 

more frequent, and perhaps more deliberate, in older children.  In a study requiring 

slightly more advanced strategy, four- and six-year-old children were presented with ten 

pictures of different people, and were asked to hide them in ten different houses, each of 

which was semantically related to one of the people (e.g., police car at the house of the 

policeman), with the goal of finding them later.  Children were also asked questions 

intended to assess their understanding of metamemory factors.  For example, children 

were asked whether it would be easier to remember where a policeman was if he were 

hidden in a semantically related (with a police car) or unrelated (with a soccer ball) 

house, and why.  Six-year-old children were more likely to hide pictures in a semantically 

related house than four-year-old children, although the younger children did appear to be 

purposeful in their selections compared to a control condition, and did hide some objects 

by semantic relatedness.  Further, the older children were better at answering the 

metamemory questions, selecting the correct response and giving a logical explanation, in 



 45 

comparison to younger children who, even when picking the right answer gave 

explanations such as “because it is easier to remember.” A correlation was found between 

memory variables, like recall of items, and metamemory variables, like responses on 

metamemory questions, suggesting that there is an emerging relationship between 

metacognitive and cognitive skills in young children.  Interestingly, a similar memory- 

metamemory relationship has been found in a longitudinal study with kindergarten 

children (Sodian & Schneider, 1986), suggesting both that there are significant individual 

difference in metacognitive skills in young children, and that these differences may be 

correlated with other cognitive processes, like memory (Schneider et al., 2004).   

Although four-year-old children do not appear to spontaneously demonstrate 

semantic sorting as a mnemonic device, they can be taught such a metacognitive strategy.  

Further, after being taught a novel strategy, such as sorting items by semantic category to 

aid in future recall, they can use it effectively to result in improved recall in the context of 

the experiment (Lange & Pierce, 1992).  However, young children are not well able to 

report on their own thought processes until the early school years. For example, five-

year-old children when prompted to think about a specific thing (e.g., which room in their 

house has a toothbrush) will subsequently answer target questions correctly (e.g., naming 

the correct room) yet deny thinking about that specific thing, and in fact will deny having 

been thinking at all.  Within a few years, children’s performance is much improved, with, 

for example, more accuracy in reporting inner thoughts by age 7-8 (Flavell et al., 2000).  

Similarly, in verbal report paradigms, an understanding of more complex factors that 

influence memory performance does not appear to emerge before age five.  In one study, 
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children were shown pictures of other children who had to learn different numbers of 

items, and remember them over different delays, and were asked to predict who would 

remember the best and worst. At young ages, children appeared to use irrelevant factors 

(such as superficial appearance) as frequently as relevant factors, and then progressed to 

understanding single factors (such as list length only, or length of time between learning 

and test only) before being able to distinguish relevant and irrelevant factors, and 

understand interactions between them (Wellman, 1978).   

In summary, research in the area of development of declarative metacognition 

suggests that children as young as four can demonstrate some ability to utilize memory 

strategies, but that in more structured experimental paradigms, these abilities emerge at 

somewhat later ages.  There is a strong developmental change, such that within a few 

years, children’s performance on these tasks begins to more closely approximate that of 

adults.   

 

III.  Procedural Metacognition – FOKs, EOLs, and JOLs in Children 

In metamemory tasks that more closely parallel adult studies on procedural 

metacognition, most research has been directed at school-aged children, revealing a 

similar developmental trend to that observed in declarative metamemory tasks, such that 

older children’s assessments of what they know are more accurate than relatively younger 

children’s throughout childhood (Lockl & Schneider, 2002; Schneider, 2000; Yussen & 

Levy, 1975).  However, there is some controversy as to validity of this trend, with recent 

evidence providing some intriguing findings that differ from traditional findings in ease 
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of learning (EOL), feeling of knowing (FOK) and judgment of learning (JOL) tasks in 

children.  

 

A.  Ease of Learning (EOL) 

In experiments with children that rely on judgments similar to ease of learning 

judgments in adults, young children tend to be overconfident, (or, as some researchers 

say, “optimistic”), over-estimating their abilities to learn and remember information.  For 

example, in one study four-, eight- and twenty-year-olds were presented with sets of 

items (picture cards) varying in length, and asked to predict which was the largest set of 

items they thought they would be able to recall.  After choosing, participants then turned 

the cards of that set face down and were asked to name as many as of the pictures they 

could remember. There was significant effect of age, with a predicted:actual recall ratio 

of approximately 8:3 in four-year-olds, 7:5 in eight-year-olds, and 6:6 in adults.  In 

addition, the preschool children failed to incorporate knowledge of past performance into 

predictions for the future. For example, after predicting but failing to recall the items in a 

9-item set on the previous trial, children did not alter their prediction on subsequent trials, 

even in the face of feedback from the experimenter (Yussen & Levy, 1975).  In general, it 

has been assumed that children’s poor prediction of their memory performance is due to 

an inability to monitor their actual memory states.  However, an alternative explanation 

proposed by Schneider (2000) is that children may be able to monitor their memory, but 

when they make predictions they confuse what they expect with what they wish for. In a 

similar experiment to Yussen & Levy’s, four- and six- year old children were asked to 
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estimate their performance in motor tasks, like how far they could jump and how many 

balls they could throw into a bucket, and memory tasks including one similar to the task 

described above.   However, children were also asked to report what they wished to 

achieve in the tasks.  In both types of tasks children showed a similar developmental 

trend with regard to EOL judgments, with younger children overestimating their 

performance, and older children more closely approximating their performance. To 

explore the possibility that children’s estimates are confounded by wishful thinking, 

children’s estimates of performance were compared to the reports of they wished for.  

There were no significant differences between the expected and wish condition, 

suggesting that perhaps children’s judgments may indeed be affected by their desires 

(Schneider, 2000), rather than merely reflecting inadequate memory monitoring.  

 

B.  Feelings of Knowing (FOKs) 

In feeling of knowing tasks, adults and children are presented with items after 

learning them, and are asked to predict how well they think they will be able to remember 

them. Traditionally, children have been thought to be poor at monitoring their memories 

to generate FOKs, appearing to be overconfident in their FOK judgments.   For example, 

in a typical feeling of knowing study, kindergarten, first, and third grade children were 

presented with line drawings, and asked to name them.  If a child failed to correctly name 

an item s/he was asked if s/he would recognize the correct label if s/he heard it.  

Subsequently, children were presented with an array of nine pictures and one verbal 

label, and asked to point to the matching picture.  Third grade children were significantly 



 49 

better at predicting which picture-label matches they would be able to recognize than first 

grade children, who in turn outperformed kindergarten children (Wellman, 1977). 

However, the true nature of children’s FOK judgments is still under debate.  For 

example, studies have revealed that children as young as four years can generate accurate 

FOKs when the stimuli used are of a familiar type to children. In this study, preschool 

children saw photographs of other children in their school, and were asked if they could 

recall each child’s name.  For unrecalled names, children were asked if they thought they 

would recognize that child’s name from a choice of five, and then were asked to choose.  

Four- and five- year olds were both able to generate FOK judgments with some degree of 

accuracy (Cultice, Somerville, & Wellman, 1983), suggesting that, contrary to prior 

evidence, young children are able to make accurate metamemory judgments when the 

task demands are simplified, in this case by using familiar stimuli.  In a study examining 

a slightly older and wider age range (six-, ten- and 18-year-olds) on a task in which 

participants were asked to define a word, and then make FOK judgments for words they 

failed to define, Butterfield and colleagues found that the youngest children had less 

reliable but more accurate FOKs than older children and adults (Butterfield, Nelson, & 

Peck, 1988).  This finding is in direct contrast to previous findings that adults are more 

accurate than children, and older children more accurate than younger.  Finally, in an 

attempt to address the discrepancies in the literature, a similar linguistic FOK study was 

done with seven- through ten-year-old children.  In this study, children failed to show a 

strong developmental trend such that older children performed neither better or worse 

than younger children. To summarize, although in the past it has been felt that children 
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demonstrate a strong developmental trend in FOK accuracies, with children beginning to 

predict their performance at about age five and showing continued improvements in 

accuracy, recent literature has suggested that, perhaps the issue is rather more 

complicated.  To date, it is unclear exactly how to characterize the nature and time course 

of early FOK development. 

 

C.  Judgments of Learning (JOLs)  

In the previous chapter on metacognition in adults, the research on judgments of 

learning and theories of optimization of learning were described, making the case that 

metacognitive judgments can be used to alter study strategies in learning paradigms.  In 

children, judgments of learning have also been studied. For example, in a judgment of 

learning task in which children were give sets of items and told to study them until they 

were sure they could recall them all, seven- to ten-year-olds were more successful at 

recalling the items after indicating readiness to be tested than four- to six-year olds 

(Flavell 1970, as described in Flavell & Wellman, 1977).   This finding has been 

replicated in various tasks and age ranges, supporting the developmental trend, with older 

children allocating more study time to difficult items versus easy than younger children, 

but all children failing to allocate sufficient study time to difficult items (Dufresne & 

Kobasigawa, 2001; Kobasigawa & Metcalf-Haggert, 1992).  However, in a recent study, 

children were given a JOL task and allowed to choose between different study strategies, 

revealing young children’s JOLs can be accurate predictors of their later performance, 

and further, that children are able to make certain kinds of study strategy decisions based 
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on JOLs.   In this study, study six- and seven-year-olds were given a list of paired 

associates (synonyms like mad-angry) to learn, and their JOLs, study strategies, and later 

recall were tested.  Children viewed each item for three seconds, and immediately 

afterward gave a JOL for that item, rating how likely they were to remember it later.  

Next they chose a study strategy for that item, massed or spaced practice (massed being 

immediately viewing the item again, and spaced being viewing the item later in the study 

session).  For a test like this, spaced study is thought to be the more optimal strategy.  At 

test, children saw one item of each pair and were asked to say the name of its mate.  JOLs 

were accurate predictors of accuracy, with easier rated items better recalled than those of 

medium and high difficulty.  For items with high JOLs (indicting a feeling that those 

items have been learned to a high degree and hence are well known), adults choose to 

space rather than mass study (Son 2004, in Son 2005).  In contrast, children chose to 

mass study most items, with no effect of JOL on choice of study strategy.  In a follow up 

study, however, children were presented with the same task but with different study 

strategies.  In this experiment, after making a JOL on an item, children were given the 

choice of merely viewing the items passively again, or actively self-testing, in which they 

practiced generating the mate when they saw the target.  This choice of strategy was felt 

to be easier, and therefore more accessible to young children.  In this study, JOLs did 

predict study time, such that for items with high JOLs, children chose to see the item 

again, and for items with low JOLs children chose to practice recall.   
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III.  Interim Summary 

 To summarize, the overall picture, when one focuses on explicitly measured 

metamemory, is one in which infants and young children do not appear able to reflect 

upon and capitalize upon information about their knowledge states, with emergence of 

rudimentary skills in early school years and developing until late childhood.  This has led 

to a general consensus in the field that “metacognitive abilities have not been observed in 

children until the age of 4” (Kornell, Son, & Terrace, 2007, p.69). 

 However, this picture is far from clear.   Research on procedural metacognition, 

as described above, has recently demonstrated at least one finding contrary to the general 

described trend in EOL, FOK and JOL research, suggesting that perhaps there is much 

still to be learned about early metacognitive development.  Further, much of the 

metacognitive research described in this chapter requires at least some level of conscious 

awareness, and has relied on asking children to make verbal judgments, requiring of them 

not just awareness of their own thoughts, but also the ability to appropriately abstract that 

awareness and transform it into language.  This is perhaps not an easy task, and in fact 

there is evidence that with some symbolic reasoning tasks, verbal report is a poor 

indicator of actual knowledge (Sapp, Lee, & Muir, 2000).  In fact Flavell and colleagues 

have suggested that perhaps children do have conscious thoughts about their thoughts 

during directed thinking tasks like introspection, but are not able to report upon them, 

even when directly questioned (Flavell et al., 2000).  This current focus on explicit and 

highly structured tasks may be partially a result of the evolution of the field, and reliance 

on models such as the Dual Process model (Nelson & Narens, 1990, 1994), described in 
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the previous chapter.  Recall that model’s heavy emphasis on conscious access to 

memory monitoring.  However, one clear point that can be taken from the contradictory 

findings described in this chapter is that, with developmental research, methods matter, 

and that a change in methods can result in a change in results.  

 In adult literature on JOLs, study time is measured as a function of how adults 

rate item difficultly.  Subjective item difficulty varies as a result of learning, such that 

items that are studied (or items to which study time is allocated) become learned and 

thereafter attention shifts to studying different, as yet unlearned items. This relationship 

between item difficulty, study time, and dynamic attention is a similar idea to one that 

underlies much infant research.  In learning paradigms with very young children, 

allocation of attention to a stimulus, measured by looking time, is frequently used as a 

dependent measure, thought to reflect subjective salience of that stimulus, which, in turn, 

is thought to reflect learning.  It is assumed that infants have voluntary control over their 

attentive behaviors, and that these behaviors result from differential knowledge of 

stimuli.  The description, then, of a learner allocating attention to unlearned items until 

they are learned and then shifting attention away is common to both JOL research, and 

infant learning research.  However, the idea that infant visual attentive behavior may 

reflect similar mechanisms to those described in adults, namely self-assessed competence 

with information, would seem to be at odds with the developmental metacognition 

research described above.  An inspection of the literature on infant looking behavior in 

learning paradigms suggests that perhaps infants do indeed behave differently toward 

stimuli as a function of their own knowledge.  In the following section, a description of 
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related research, relying on infants’ differential attention as a function of knowledge, will 

be reviewed.   

 

IV.  Research on Infant Looking Behavior 

Much infant research relies on visual attentive behaviors to various stimuli. In the 

habituation method, an infant is exposed to a stimulus until overt interest drops to some 

predetermined level, after which, a new stimulus of the same or different type is 

presented. Dishabituation, that is, recovery of interest, is taken to indicate that the infant 

perceives the new stimulus to be different from the habituation stimulus. Another typical 

infant testing method relies on infants’ preference, or differential attention to, one, 

previously encountered, stimulus over another.  Preference can either be for novelty (a 

stimulus different from any encountered previously) or familiarity (a stimulus that is in 

some way like previously encountered stimuli). Novelty preference is frequently 

interpreted to indicate that the structure of previously encountered stimuli have been in 

some way ‘mastered’ by the infant, while familiarity preference is interpreted to indicate 

that the infant has not sufficiently ‘mastered’ the previous stimulus and thus requires 

more study time (Houston-Price & Nakai, 2004; Hunter & Ames, 1988; Hunter, Ames, & 

Koopman, 1983).   

The assumptions underlying infant looking paradigms are based on Hunter and 

Ames’ Multifactor model of infant preference, which proposed that infants’ attentive 

behaviors are motivated by the drive to seek out a certain level of stimulation in the 

environment.  Infants will preferably attend to stimuli that are salient to them, i.e., stimuli 
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that fall within an optimal range of stimulation rather than those that are either below or 

above threshold. This model predicts that infants will demonstrate more interest in a 

partially explored stimulus than one that is either completely novel (below threshold) or 

completely familiar (having fallen in salience to again below threshold).  Thus, infants 

will have no preference for equally complex and novel stimuli, but after some exposure 

to a given stimulus, they will develop first a familiarity preference (as the stimulus begins 

to be processed) followed by a novelty preference (as the stimulus becomes well-learned 

to the point of being unstimulating).  Two factors felt to affect familiarity/novelty 

preference in preferential looking paradigms are stimulus complexity, with complex 

stimuli more likely to elicit a familiarity preference than simple stimuli, and age, with 

younger children expected to show more of a familiarity preference to a given stimulus 

than older. It is hypothesized that children will progress through phases of familiarity and 

novelty preference at different rates, and that older children will progress through them at 

faster rates than younger, due both to having more general experience in life and thus 

greater likelihood of finding some aspects of the stimulus already familiar than younger 

children, and to having more efficient cognitive processing (Hunter & Ames, 1988).   

Of particular interest here is that this model, and the typical methods of measuring 

visual choice in infant research, implicitly or explicitly impute some ability on the 

infant’s part to determine his/her level of familiarity with a stimulus.  Few studies have 

directly tested these interpretations of infant methods.   However, one that has introduced 

eight- and 12-month- olds to a simple and a complex array of toys, and allowed the 

infants to play freely with them.  One group at each age was allowed to play with the toys 
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until they were habituated and compared to the second group, who were familiarized but 

not habituated to the toys.  According to the Multifactor model, older infants should 

habituate faster than younger, infants should habituate faster to the simple than complex 

array, and infants who habituated should demonstrate a novelty preference.  At test, 

infants were given both the familiar array and a novel array of toys to choose from.  

Older infants habituated faster than younger infants, and infants habituated faster to 

complex than simple arrays.  Further, infants who had habituated showed a significantly 

greater preference for novel toys than infants who had been familiarized but not 

habituated, suggesting that infants differentially sought out novel toys only after attaining 

sufficient experience with the familiar (Hunter et al., 1983).  This study provides 

evidence for the Multifactor model, and suggests that infants have some control over how 

they are learning, using their level of competence to guide their behavioral responding to 

manipulate learning opportunities.   

Additional support for the Multifactor model can be found in experiments in 

which direction of preference from familiarity to novelty can be reversed by increasing 

exposure to stimuli. Take, for example, the two following studies.  In one, 7.5-month-old 

infants were exposed to two words for a familiarization period of approximately 30 

seconds per word.  Next, infants heard sentences containing the familiarized words, along 

with sentences containing similar but previously unexposed words.  In this study, infants 

demonstrated a familiarity preference, showing longer listening times to sentences 

containing familiar words (Jusczyk & Aslin, 1995).  In a similar study that utilized a 

longer familiarization period (two minutes versus 30 seconds), infants showed the 
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opposite preference, a novelty preference.  In this study, eight-month-old infants were 

exposed to two minutes of fluent syllable streams containing ‘words’, or sets of three 

syllables that always occurred together.  At test, infants heard both words and ‘nonwords’ 

(syllables combined in novel combinations). Infants demonstrated a novelty preference, 

suggesting that they had segmented the words from fluent speech (Saffran, Aslin, & 

Newport, 1996).  Significantly, in both the Jusczyk and Aslin and Saffran et al. studies, 

infants learned the stimuli, as demonstrated by their ability to consistently discriminate 

familiarized from novel test strings.  However, in accordance with the idea that infants 

will attend to information sources until they have reached a level of competence, the 

experiment with short exposure times yielded a familiarity effect, in contrast to the 

experiment with longer exposure times. Further evidence to support the idea that infants 

demonstrate preferential attention dependent on knowledge comes from research that 

demonstrates reversals in preference with experience and age.  For example, in a word 

segmentation study, seven-month-old babies listened to different sentences composed of 

two- and three-syllable words (like ‘dibo’ & ‘lagoti’).  To test whether infants had 

learned the words, infants heard both familiar and novel words (syllable combinations), 

and their attention to each was measured.  Infants demonstrated a familiarity preference, 

that is, they listened longer to words than non-words.  In a subsequent experiment, to 

elicit a novelty preference, the participants were slightly older (eight months old) and the 

exposure time during learning was doubled, with the intent of allowing infants more time 

to learn the words.  At test, infants showed a novelty preference (Thiessen, Hill, & 

Saffran, 2005).  These results are consistent with predictions of the Multifactor model, in 
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which infants’ differential allocation of attention is based on subjective familiarity, which 

can vary with learning time and age.  The infant research on preferential visual attention 

certainly suggests that infants’ behavior differs according to internal states that, in turn, 

vary as result of learning.   

Another line of research that supports the idea that young children may be able to 

differentially respond to learning situations according to their own knowledge comes 

from slightly older children.  Research on source monitoring with toddlers suggests their 

ability to compare their own internal knowledge with information provided by others, and 

will deny or resist learning from sources that conflict with their own knowledge. In one 

study, 18- to 30-month-old children saw familiar objects while the experimenter labeled 

them either incorrectly (saying “look, a dog,” to a picture of a cat), or correctly.  The 24- 

and 30-month-old age groups denied the incorrect labels, saying, for example, “no,” or 

with older children, corrected, saying “no, a cat.”  (Pea, 1982).  Sixteen-month-olds in 

similar tasks attended longer to speakers who mislabeled objects than speakers who were 

accurate labelers, but only when the speakers were facing the objects.  If a speaker 

mislabeled objects while facing away from the objects, the infants did not show similar 

findings (Koenig & Echols, 2003).  This finding suggests that infants were reacting to a 

combination of the mismatch between their expectation of an object label and the 

speaker’s label, and the speaker’s intent to label that object, rather than responding to a 

violation of a phonologically-based object-label association only.  While, at first glance, 

this may not appear to be an astounding feat, it is significant in suggesting that even 

infants are beginning to learn by navigating between the internal and external world, and 
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can differentially weight the information they possess internally (requiring access to 

memory and presumably some information about the strength of that memory) against the 

information they are presented with externally, using this differential weighting to 

respond to matches and mismatches accordingly.   

 In a subsequent study, preschoolers’ ability to distinguish between accurate and 

inaccurate labelers, and their subsequent willingness to learn from these two sources of 

information was explored.  In this study, children were presented with familiar objects 

and two experimenters, one of whom labeled objects correctly, and one of whom called 

them by the wrong name (e.g., calling a ball a shoe).  In the test phase, children were 

asked to identify which of the experimenters had said something wrong, then they were 

shown a familiar object and asked to predict whether each experiment would give a 

correct or incorrect label, third, they were shown a novel object and asked to choose 

which experimenter to learn from. Lastly children heard experimenters label the novel 

object (with nonse words like ‘mido’), and were asked what the object’s name was.  Both 

three- and four-year-olds correctly identified which speaker had said something wrong.  

However, only four-year-olds selectively sought information and selectively learned from 

the correct informant.  In a follow up experiment, children saw an examiner who labeled 

objects accurately paired with one who professed ignorance of labels. In this study, both 

three- and four-year-olds correctly identified the experimenter who knew the answers 

versus the one who didn’t know, and also chose to seek information from the 

knowledgeable versus ignorant adult.  However, when both adults presented labels, only 

the four-year-olds selectively learned labels from the previously knowledgeable 
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experimenter (Koenig & Harris, 2005).  These results further support the idea that young 

children have some abilities to differentiate between their own and other people’s 

knowledge.  While in younger children, the level of differential responding may be 

limited (attending longer to mismatches, denying newly presented information, or merely 

coding that a speaker was wrong), older children begin to use this information to alter 

how they encode information.  Notably, in the two Koenig studies cited here, four-year-

old children, who are typically viewed as not having metacognitive abilities, were 

resistant to learning new labels from people who had previously provided them with false 

information.  The ability of children to selectively rely on their own knowledge base to 

resist learning from an adult is really quite astounding, given the overwhelming weight 

that a label presented by a adult likely carries, due to the amount of information adults 

accurately present to children on an ongoing basis.  The ability to discriminate between a 

good teacher and a bad teacher implies the ability to evaluate incoming information 

against one’s information, even in an implicit and mechanistically simple fashion, and to 

opt to weight one’s own information relatively stronger.   

 

V.  Conclusion 

The current state of research on metacognitive development in children is not 

entirely clear.  Although there is a generally accepted belief that children before age four 

do not have metacognitive competence, there is ample reason to believe that this 

conclusion overlooks children’s true abilities. To better understand the relationship 

between metacognition and learning in very young children, perhaps an important focus 
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should be whether children are able to differentially act upon implicit metacognitive 

assessments rather than whether an they are conscious of and can report upon the results 

of metacognitive introspection. Metamemory research, by focusing largely on abilities to 

report upon self-assessed knowledge states may have overlooked an important aspect of 

self-knowledge. 
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METACOGNITION IN NONHUMAN ANIMALS 
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Metacognition has often been thought of as an essential, if not unique, 

characteristic of human thought.  Therefore, the question of whether animals are capable 

of metacognition is of interest for a variety of reasons, and comparative research with 

non-human animals including dolphins and monkeys, and recently rats, provides some 

evidence for implicit metacognition (Foote & Crystal, 2007; Hampton, 2001; Inman & 

Shettleworth, 1999; Kornell et al., 2007; Shields, 1999; Shields, Smith, & Guttmannova, 

2005; Smith & Schull, 1989; Smith et al., 1995; Smith, Shields, Allendoerfer, & 

Washburn, 1998; Smith et al., 1997; Smith et al., 2003; Smith & Washburn, 2005; Son, 

2005; Washburn et al., 2005).  Initial studies examined escape behavior in the face of 

perceptual discrimination tasks to explore whether animals can selectively escape tasks 

that appear to be subjectively difficult, reflecting recognition of their states of 

uncertainty.  Building upon this research, experimental paradigms developed to examine 

memory-monitoring, asking animals to demonstrate more sophisticated uncertainty 

responses in the face of increasing task difficulty.  Finally, the ability to transfer recently 

learned metacognitively-based behavioral responses across tasks was explored. This 

research suggests that many non-human animals can demonstrate ‘uncertainty’ behaviors 

and can respond strategically, acting upon uncertain states to improve task performance, 

with monkeys demonstrating remarkably sophisticated memory-monitoring performance.  

In addition, animals can not only can learn memory-monitoring strategies, but are also 

able to spontaneously apply them to other types of task.  Various explanations of 

animals’ performance on metacognitive tasks have been proposed, and for some 

researchers this evidence is compelling enough to suggest that animals have 
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metacognition.  For others, especially those who are more likely to require an aspect of 

conscious awareness of internal thoughts, the situation is less clear.    

Anecdotal evidence suggesting that animals may experience something akin to 

feelings of uncertainty in the face of difficult tasks appeared in the scientific literature 

almost 50 years ago from work of Helen Mahut, working at McGill University.  She 

trained rats on a visual discrimination task to respond to one of two different colored 

doors in a two-arm maze, for a reward.  The doors randomly appeared on the left or right 

side, and the rat’s task was to approach the correct colored door, regardless of side.  After 

rats reached a criterion of proficiency, the target door colors were switched so, for 

example if a rat had been trained to approach the white door and ignore the black, now 

the task was to approach the black.  When this happened, rats reverted to what appeared 

to be a more simple mechanism of responding– they simply chose one side of the two-

arm maze, and perseverated on that side, regardless of door color.  Rats continued to 

perseverate on position, but over time, on trials in which the door was the no-longer-

reinforced color, their running speed slowed remarkably, as if the color discrimination 

response was emerging, but being overridden by the position response. After a number 

more trials, rats went back selecting doors by color, regardless of side (L. Nadel, personal 

communication, April 16, 2006).  This unpublished work suggests that, in an area where 

cognitive tasks are difficult, animals appear to show behaviors that look like cognitive 

states of uncertainty, in this case slowed responding.  However, as strict behaviorists 

know, behavior such as this may not indicate awareness of uncertainty, but rather may be 
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due to more simplistic drives, such as increased arousal in the face of certain stimulus-

reward combinations. 

To formally assess whether animals can indicate states of uncertainty or 

unknowing, it is necessary to design experiments that are likely to cause uncertain states, 

to provide animals with a unique response option for those uncertain states, and to 

observe whether that response is utilized as expected.  If animals can differentially 

respond to uncertain states versus states of clear knowledge or ignorance, we would have 

evidence that they can experience at least a rudimentary feeling of uncertainty.   One way 

to approach this problem is to design experiments with sets of items that are predicted to 

be easy and difficult, and to allow animals an escape option for more difficult items.  

Dolphins and monkeys, and potentially rats, but not pigeons, are able to utilize an escape 

option on perceptual discrimination tasks when the task is at discrimination threshold 

(Foote & Crystal, 2007; Inman & Shettleworth, 1999; Smith et al., 1995; Smith et al., 

1997).  In one study, dolphins were trained on an auditory discrimination task to press 

paddles indicating for each tone whether it was high or low, according to a set criterion.  

Performance on this task showed a clear transition from low to high, with an area in the 

middle that was difficult for dolphins to consistently classify (the discrimination 

threshold).  After training, dolphins were presented with a third paddle, an ‘uncertain’ 

response, the choice of which allowed them to escape the present trial for an easy win.  A 

comparison between performance on forced-choice trials and trials including the escape 

option demonstrated that dolphins utilized the escape option most often on trials 

corresponding to their discrimination threshold (Smith et al, 1995) suggesting that 
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dolphins were able to detect their own uncertainty, and to act upon that self-assessment in 

a way that optimized their rewards.  Subjectively, dolphins behaviorally appeared 

‘uncertain,’ that is they demonstrated a different pattern of behavior in trials they 

ultimately chose to escape, for example slowed approach time, or wavering between 

choices.  Note that the behavior of the dolphins was similar to that of the rats described in 

Mahut’s study above, yet it is arguable that their response to uncertainty (alternating 

between targets) without the uncertain option appeared qualitatively different from that of 

the rats, who reverted to a simple response type (perseverating on a side preference).   

In a similar study, humans and rhesus macaques were presented with a visual 

discrimination task.  Participants (including monkeys) viewed a box containing a variable 

number of pixels and made sparse/dense judgments, depending on the number of pixels 

in the box. On metacognitive test trials they were presented with the pixilated box, a star, 

and the letter S.  Touching the box indicated a dense judgment, touching the ‘S’ indicated 

sparse, and touching the star functioned as an ‘uncertain’ option, allowing them to 

decline that particular trial.  Monkeys’ and humans’ use of the ‘uncertain’ response 

peaked on the trials at that appeared to correspond with their discrimination thresholds, as 

established from forced choice trials.  Further, humans subjectively reported in post-

experiment interviews that they chose sparse/dense based on stimulus characteristics, and 

used the uncertain response for trials in which they felt a subjective feeling of uncertainty 

(Smith et al., 1998).   

Until quite recently, it was believed that animals with ‘higher’ cognitive abilities, 

like monkeys and humans were capable of metacognitive tasks, but that animals with 
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‘lower’ cognitive abilities, like pigeons and rats, were not.  For example, pigeons are not 

able to increase their accuracy be self-selecting trials to skip, nor do they skip more trials 

that are expected to be more difficult (Inman & Shettleworth, 1999), and in at least one 

study rats have similarly failed (Smith & Schull, 1989; in Smith et al, 2003).  However, 

this distinction between higher and lower level animals may be less settled than it 

appeared to be until recently. A newly published study indicated that rats, performing on 

a perceptual discrimination task (distinguishing between short and long sound bursts), are 

able to opt out difficult trials.  In this study rats were trained to make short/long 

judgments depending on the length of the sound burst.  On two thirds of the trials rats 

were given an escape option, and the remaining trials, randomly interspersed, were forced 

choice.  On the metacognitive trials, they heard a sound burst, and subsequently chose to 

accept or decline the judgment trial.  Rats were more accurate on trials that they self-

selected to take than on the forced-choice trials (Foote & Crystal, 2007), suggestive of 

uncertainty monitoring capacities similar to those of dolphins, monkeys, and yes, people.  

The authors concluded that rats are capable of metacognition.  

The findings of uncertainty monitoring in the face of perceptual discrimination 

tasks is certainly suggestive of rudimentary metacognitive abilities across species, and 

indeed, fitting with the metacognitive-learning link proposed in this dissertation, since it 

stands to reason that even ‘lower level’ animals could benefit from some access to their 

knowledge states for learning.  However, in all the experiments described above, there is 

a simpler possible explanation for the animals’ behavior.  It is possible than animals’ 

success was due to associative learning, such that items at one end of a perceptual 
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continuum became associated with one response (for example low pitched tone = paddle 

A), items at the middle of the continuum became associated with a second response 

(medium pitched tone, which coincidentally was at discrimination threshold, = paddle C, 

which coincidentally happened to be designated as the ‘uncertain’ response), and items at 

the far end of the continuum became associated with a third response (high pitched tone = 

paddle C).  By this description, no awareness of internal knowledge states or access to 

feelings of uncertainty is required, but rather an animal must be able to learn a set of 

complex associations, which they are well able to do (Cowen, 2007).  Therefore, more 

complex uncertainty-monitoring paradigms in which the animal could not make simple 

associative responses but rather would have to rely on assessing internal states were 

designed.  To this end, multiple studies have been conducted with monkeys, examining 

memory-monitoring, and exploring whether monkeys appear able to distinguish between 

items available in memory and those items that are not.    

To design a memory-monitoring experiment, the experimenter must capitalize on 

the animal’s memory fallibility, so that some items will not be accessible at time of 

retrieval, and performance on these unavailable items can be compared to performance 

on remembered items. Frequently, test items are manipulated so that there are a priori 

predictions about which items are expected to be less available in memory, and therefore 

more likely to be unknown.    One study examined metamemory on a working memory 

task, using a delayed match to sample task.  Two monkeys (Abel and Baker) were trained 

on a standard delayed match to sample paradigm, with the additional element of being 

able to selectively opt out of a given trial on two thirds of the items.  There were three 
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stages to each trial.  Monkeys first viewed an item for a preset amount of time.  

Subsequently, after a short delay, they chose between two icons, one of which initiated a 

memory test and the other of which ended the trial.  If monkeys chose to take the memory 

test, they saw the previously viewed target along with three distracters, and their task was 

to select the target.  Monkeys were rewarded with a peanut for correct responses and 

were punished by a 15 second time-out for incorrect responses.  If monkeys chose to skip 

the task, the trial ended and they received a less-preferred food pellet.  On two thirds of 

trials, monkeys were given the choice of accepting/declining trials, and one third of trials 

were forced choice.  The study was conducted with both a fixed delay between stimulus 

offset and test, and with a variable delay, in which case it could be predicted which trials 

might be expected to be more difficult.  In both cases, monkeys demonstrated higher 

accuracy on self-selected memory trials than on forced choice trials, although one 

monkey did notably better than the other. Further, monkeys declined more of the 

presumably more difficult trials, the ones that came after a longer delay (Hampton, 2001).  

In a similar memory-monitoring task, this time assessing memory in a serial recall 

task, two monkeys (again Abel and Baker) learned lists of items that varied in length and 

were given a recognition memory test.  At the recognition test, consistent with standard 

serial probe tasks, the monkey saw an item and had to decide if that item had been on the 

list or had not been previously seen, but additionally had an escape option, allowing it to 

skip that trial. The authors predicted that the task would be more difficult for longer list 

lengths resulting in more use of the uncertain response, and secondarily, that mid-list 

items would be more difficult than initial and final items (due to primacy and recency 
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effects), resulting in more use of the uncertain option.  As predicted, both monkeys 

escaped more trials at the longer list-length, and escaped more mid-list items trials than 

initial and final items. In addition, the monkey who demonstrated overall better memory 

on forced choice trials escaped fewer trials than the monkey who had worse memory 

(Smith et al., 1998). An important aspect in which this study differed from the Hampton 

study cited above is that, in this study, monkeys made a metacognitive choice while 

viewing the target, while in Hampton’s study monkeys chose to accept or decline trials 

without the target present.  If metacognitive judgments are based on the strength of an 

item’s memory trace when one tries to retrieve it, then viewing the target while making a 

decision on its accessibility in memory might be expected to be a more difficult 

judgment, since the memory trace for the item would be artificially high, and thus the 

metacognitive judgment of availability would be similarly high. It is significant in that 

even on this, more difficult, test of memory-monitoring, monkeys were able to optimize 

rewards by selective use of the uncertain option. 

In yet a different memory paradigm, this time testing metamemory for remote, or 

long-term rather than working memory, animals learned a number of paired associates 

(polygon shapes) (Shields, 1999; in Smith et al, 2003).  At test, one member of a pair was 

presented, and the monkey was given the option of advancing to a match selection task 

for the chance of a food reward or a long time out, depending on success or failure, or to 

skip to the match selection task for a lesser food reward but no time out. When accuracy 

on skipped trials was compared to that of trials taken, the monkeys did not show 

differential performance. In other words, monkeys did not show evidence of optimizing 
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performance by skipping the items they didn't know.   In a follow up study, monkeys 

were given the same choice in the context of a recognition memory task; at test the 

monkey saw not only the target, but also the other member of the pair, along with an 

incorrect foil.  In this condition, in which all the information was present, monkeys were 

successful at choosing to take only the trials on which they were more accurate, 

indicating at least some ability to monitor their own states of knowledge.  This study is 

significant in that it tests an aspect of memory-monitoring not examined in the Hampton 

2001 or Smith et al 1998 study, but one that is frequently assessed in human tasks.  In the 

Hampton and Smith studies, monkeys made accurate metacognitive judgments about 

recently viewed stimuli, likely still active in working memory, regardless of whether an 

individual stimulus was seen at time of metacognitive judgment.  In the Shields study 

described here, animals had to access memory for information that had been previously 

learned, and presumably was no longer active in working memory.  This is similar to 

metacognitive experiments described in Chapter 2, in which adults learn paired associates 

and can accurately predict their ability to recall or recognize targets.  Significantly, 

monkeys were not able to complete this task when they saw the target, only, but required 

presentation of all the information (target, match, and foil) to accurately predict their 

performance.  This suggests that, although monkeys can successfully opt out of trials 

depending on their self-assessed knowledge, this ability may be limited to certain types of 

memory functions that differ from the limitations of humans.   

The apparently selective use of the escape option demonstrated in the above 

described experiments, across perceptual and memory tasks, suggests that at least a few 
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non-human animal species can differentially respond to items with which they are 

experiencing subjective difficulty.  More impressively, the memory research with rhesus 

monkeys suggests that humans are not the only primates who can make use of self-

assessed difference in memory accessibility and to act on that subjective information to 

optimize performance.  A more stringent test of metacognition is to train animals to use a 

unique response to self-assessed uncertain states, and to test for transfer to other tasks.  If 

they can demonstrate transfer across tasks that are qualitatively different, this would 

suggest that the learned behavior is based on an underlying domain-general mechanism, 

rather than a task-specific behavior.   

Son and Kornell (2005, 2007) trained two rhesus monkeys (Lashley and 

Ebbinghaus) to use metacognitive judgments on a perceptual discrimination task. This 

study is of particular interest, because it purportedly tests both the monitoring and control 

aspects that are key to the dual process model (Nelson & Narens, 1990), which previous 

animal research did not directly test, by assessing confidence judgments (monitoring), 

and hint seeking (control).  Monkeys were presented with a forced choice discrimination 

task, and immediately after the discrimination task, made a metacognitive monitoring 

judgment by indicating a retrospective confidence judgment about their discrimination 

response (high or low confidence).  The high confidence option offered a gamble of a 

three token gain or loss, depending on whether the answer to the discrimination question 

was correct, whereas the low confidence option offered them a one token gain regardless 

of accuracy.  To test for transfer of metacognitive use, after monkeys were trained on the 

use of the metacognition confidence judgment task, they were presented with a novel 
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perceptual judgment task, and also a working memory task.  Monkeys were not only 

successful at using the confidence choice to indicate retrospective judgments of their own 

response accuracy, but were also able to transfer this skill to a task requiring a 

metacognitive judgment on a different underlying cognitive skill (working memory vs. 

perceptual judgment). In a subsequent task to test for metacognitive control, monkeys 

were trained in a sequence learning task, in which they were presented with the option of 

taking a hint.  Trials completed with no hints were rewarded with a high value food, and 

trials completed with a hint were rewarded with a lower value food.  Results indicated 

monkeys were able to use the hints optimally to improve their performance on trials that 

were more difficult, suggesting that they are capable of metacognitive control (Kornell et 

al., 2007; Son & Kornell, 2005).  These intriguing results provide evidence that monkeys 

may be able to demonstrate many of the same types of metacognitive skills as humans, 

closing the supposed inter-species gap just a little bit more.   

The results of metacognition in non-human animals support the idea that both 

metacognitive control and monitoring can be available as cognitive tools in non-verbal 

form, and may be quite powerful in guiding goal-directed behavior.  Given the recent 

evidence that rats, previously thought to be non-metacognitive, may on the contrary have 

some ability to monitor and respond to self-assessed states of uncertainty, and that rhesus 

monkeys are capable of metacognitive feats quite similar to those of adults humans, the 

apparent lack of directed learning or metacognitive ability in human children is 

surprising. The work with non-humans suggests that we need to re-examine our view that 

metacognitive skill exists primarily as a well-differentiated and explicit cognitive process 
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that emerges late in human childhood and becomes superimposed on core cognitions.  

Additionally, the animal research suggests that the literature on metacognition in young 

children and infants may be more appropriately explored by utilizing paradigms designed 

to extricate implicit metacognitive processes, to determine whether children, like 

monkeys, can act strategically on uncertainty. 
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EXPERIMENTAL RESEARCH 
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I.  Introduction 

The first four chapters to this dissertation described metacognitive research that 

has been conducted with three different populations, adults, children, and non-human 

animals, and presented the argument that research in these three areas has not been well-

integrated, nor, to date, has one metacognitive research paradigm been applied across 

diverse populations, resulting in gaps in understanding of metacognition across species 

and age ranges. The purpose of the six experiments described in this chapter was to take 

an uncertainty-monitoring research paradigm from comparative literature with non-

human animals, and to modify it for humans, first young children and subsequently 

adults.  The purpose of the first four experiments was to explore two questions about 

developmental metacognition, firstly, whether very young children may have access to 

memory-monitoring processes before they are able to accurately verbalize on them, and 

secondly, whether individual differences in memory-monitoring appear to be related to 

individual differences in memory.   The final two experiments were designed to compare 

the performance of adults to children and rhesus monkeys, to complete the cross-age, 

cross-species comparison.  Utilization of one consistent methodology across species 

allows a more accurate comparison of metacognitive skills, and can result in a greater 

depth of understanding of the multiple components that may be involved in 

metacognitive tasks, and how they develop. In this chapter, the six experiments that 

compose this dissertation will be presented.  Experiment 1 was a pilot study, designed to 

ensure that the experimental design was suitable for young children.   This experiment 

explored whether three- to four-year old children can be taught a memory-monitoring 
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strategy to selectively escape trials that are predicted to be more difficult (based on 

differential exposure time) on a visual memory task.  Experiments 2 and 3 were adapted 

from two studies conducted with rhesus monkeys (Shields, 1999, in Smith et al 2003), 

and were designed to explore whether children can demonstrate implicit memory-

monitoring abilities by selectively escaping subjectively difficult trials on a visual 

memory task, when amount of learning was equal for all items.  Experiment 4 was a 

visual memory experiment conducted as a control condition for Experiment 3, to address 

the possibility that the previously obtained results were a result of memory artifacts, 

rather than a true memory-monitoring finding.  Experiments 5 and 6 were modified 

replications of Experiments 2 and 3 to explore the comparative abilities of adult 

populations.  

 

II.  Experiment I 

All the experiments in this dissertation were adapted from the research method 

used in comparative research with rhesus monkeys.  The purpose of this first experiment 

was to ensure that the methods were adequate for young children by manipulation 

children’s exposure to items, allowing for a priori predictions about which items would 

be relatively better known than others. To achieve different levels of familiarity, children 

were exposed to some visual pairs multiple times and exposed to others only once.  Thus 

all pairs consisted of familiar pairs, but some should have been better learned and 

therefore better known than others. At test, children were shown one item of a pair and 

chose to either or accept or decline taking a trial in which they selected the mate of that 
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item.  It was predicted that, if children have implicit abilities to judge the state of their 

own memories, they would choose to accept more trials with more-familiar versus less-

familiar pairs.   

 

A.  Participants 

 Participants were nine children aged 3:0-4:2 (m=3:6).  

 

B.  Materials 

 Stimulus materials consisted of 20 visual pairs presented on a DVD.  A pair 

consisted of colored line drawing of an animal paired with a picture of a common object 

like a bicycle. Audio files for practice and test stimuli were recorded by a female native 

English speaker using Sound Studio 2.1.1.   Pairs were presented in movie format created 

with iMovie HD on a Macintosh Mini computer. First the picture of the animal appeared 

with a sentence giving its name (e.g. ‘this is Andy.’)  Next an object appeared with a 

sentence describing the animal-object relationship (e.g. ‘He likes to drive a fire truck.’)  

Finally, the animal and object appeared together with an additional sentence about the 

relationship (e.g. ‘He drives a fire truck to all the fires.’)  Each picture appeared for four 

seconds, with a one-second gap between.  Movies were burned to DVD.  There were two 

DVD movies: one viewed at home and the other viewed in the laboratory.  The home 

DVD contained 10 animal-object pairs repeated three times. The laboratory DVD showed 

20 animal-object pairs; the 10 familiar pairs, and 10 novel pairs, intermixed throughout.  
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Children saw both DVDs and at test, judged their knowledge of all 20 animal-object 

pairs. Thus, all pairs had been seen equally recently, but some were more familiar and 

some were less familiar, as defined by amount of viewing time.  Test stimuli consisted of 

the animal-object pairs, and also included a line drawing of a colored arrow.  The arrow 

served as an ‘opt out’ option, such that if children could touch the arrow to skip trials.  

Audio stimuli for test consisted of the questions ‘Do you know what s/he likes?’ and four 

types of positive (e.g. ‘yay!’), one negative (‘Uh-oh, that's not it!’) and one neutral (‘We 

don't know what s/he likes’) feedback sound file. Testing was conducted on a Dell 

Inspiron 1100 laptop with a Keytec Magic Touch  touch-screen mounted on a 15” LCD 

upright monitor. The experiment was run using the DMASTR software developed at 

Monash University and at the University of Arizona by K. Forster and J. Forster 

 

C.  Procedures 

 The experiment consisted of a learning phase and test phase.  

  i.  Learning 

  The DVD with 10 items was sent to children's homes and parents were 

asked to ensure that their children watched all three repetitions.  After that, they were 

allowed to watch it as often as they liked.  When children came into the laboratory, they 

watched the 20-item DVD.  Subsequently, they went into a different room for practice 

and testing.  
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  ii.  Testing 

  For the memory-monitoring test, children potentially had two tasks, a 

judgment task and a recognition memory (matching) task. The judgment of memory 

(judgment task) was performed on every trial.  Children were shown a picture of one of 

the animals from the learning phase along with an arrow. They touched the arrow on the 

touch screen if they thought they did not remember the item that had been paired with the 

animal (indicating a ‘decline’ response), which resulted in a new trial. They touched the 

animal itself if they thought they remembered the paired item (indicating ‘accept’), which 

started the second task, the matching task.  On the matching task, two pictures appeared, 

one of the items that had been paired with the animal from the DVD (the mate), and one 

of an item that had been paired with some other animal (the foil). If the child chose the 

correct response (the mate), s/he received positive feedback, but if s/he selected the 

incorrect target (the foil), s/he received negative feedback. 

There were two practice sets, to ensure that children understood the procedure.  

The first practice consisted of three common animals and common associates (e.g. a dog 

and a bone, with eyeglasses as a foil), and three novel imaginary animals.  The 

experimenter completed the first practice with children, ensuring that they declined the 

trials with novel animals, and accepted the trials with familiar animals. To encourage 

children to transfer the procedures to the animals from the DVD, the second practice 

consisted of two familiar animals from the DVD, and two less familiar.   (These items 

were not used on the subsequent test.)  Children completed the second practice with the 

experimenter verbally reviewing the child's responses after each item. The actual test 
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(judgment and matching tasks) consisted of 14 pairs of animals and objects, which 

children completed without help.  After each trial, the experimenter echoed the feedback 

given by the computer.   

D.  Results 

 The design of the experiment ensured that half of the pairs would be better known 

than the other half.  Therefore, it was predicted that children would choose to accept trials 

involving familiar pairs significantly more often than trials involving less familiar pairs. 

Only two children appeared to follow a simple rule of accepting all seven of the familiar 

items and declining all seven of the less familiar; the rest accepted some items from both 

sets.  The number of accepted and number of declined trials was totaled for each pair type 

(familiar and less familiar.) Children made more accept responses with more familiar 

animals (M=5.4 SD=1.8) than with less familiar animals (M =3.2, SD= 3.2; t(8)=1.86, p 

= 0.07, two-tailed, d=.69, which is considered to be a medium effect).  To determine 

whether children not only made more accept responses with more familiar animals but 

also got more of these trials correct, the percent correct was calculated for all familiar 

trials and compared to percent correct for unfamiliar trials. Results indicated that children 

were significantly more accurate on more familiar trial items (M=91, SD=19) than less 

familiar (M=55, SD=35; t(11)=2.11, p=0.04, two-tailed, d=.96, which is considered to be  

a large effect).    
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E.  Discussion 

 The purpose of this study was to determine whether children were able to 

demonstrate metacognition non-verbally on a visual paired associates task by choosing to 

accept test trials with items expected to be more accessible in memory.  Results indicate 

that children made significantly more accept responses with more familiar pairs than with 

less familiar pairs, supporting the existence of early memory-monitoring.  This result is 

similar to one of the studies done with monkeys using serial list learning, in which 

monkeys were expected to skip memory items that were predicted to be more difficult 

(Smith et al., 1998.)  It was interesting to discover that young children can readily 

indicate their implicit knowledge state when asked in the right way.   

However, it is possible that children’s responses on the judgment task was based 

only on association of a particular response (accept or decline) with a type of stimulus 

presented (more familiar vs. less-familiar, or seen at home vs. not seen at home.)  For 

example, when declining to take the trial for the animal named 'Andy,' children might not 

be able to search their memory for the appropriate paired associate and find it lacking, but 

rather might simply respond based on the feeling that they had not seen Andy very 

frequently. Given that children did choose a mix of both familiar and unfamiliar pairs, 

and their overall accuracy was quite high, this explanation is unlikely to provide a 

complete description of the results.  However, this explanation could account for the 

main effect of more accept responses for more familiar pairs.  Therefore, two follow up 

studies were conducted to examine whether children's choice to decline or accept the task 
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was based on judgments of knowing specific pairs, as opposed to pairs from different 

sets. 

 

III.  Experiment 2 

The purpose of Experiment 2 was to examine whether children are able to 

indicate evidence of implicit, or non-verbal, memory-monitoring in a recognition 

memory task by selectively accepting or declining trials based on memory of matched 

pairs, when learning for all items is equivalent.  In this study, as in Experiment 1, 

children learned a set of paired picture associates.  As in Experiment 1, the memory-

monitoring test consisted of children being shown one item of a pair and asked to choose 

either to accept or decline taking a trial in which they selected the mate of that item. The 

different in Experiment 2 is that memory of paired associates was examined in a 

subsequent memory task, in which children had to select one of two objects (the mate vs. 

a foil) on every trial.  It was predicted that children would show poorer memory for the 

trials that they had declined in the memory-monitoring task than for trials they had 

accepted.  In addition, Experiment 2 explored the possible relation between memory-

monitoring and memory by asking whether those children who made the most accurate 

assessments of their memory also showed better memory for the visual pairs than 

children who either overestimated or underestimated their knowledge of the pairs. This 

design of the study was modeled after a task on which rhesus monkeys were successful at 

indicating memory-monitoring on visual matching tasks (Smith et al., 2003).   
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A.  Participants 

Participants were 25 children aged 3:5-3:7 (m=3:6).  

 

B.  Materials 

The material to be remembered consisted of 15 visual pairs from the materials 

described in Experiment 1. The testing apparatus and software were identical to those 

used in Experiment 1.  The seven practice trials, consisting of three animal-object pairs of 

familiar real animals and objects, for example a dog and a bone, and four of the 15 

animal-object pairs from the movie. Actual test trials used the remaining 11 animal-

object pairs.  

 

C.  Procedures 

 The experiment consisted of a learning phase and test phase.  

  i.  Learning 

 Children watched the movie once when they came to the laboratory. They were 

not explicitly instructed to learn or remember the matches.   

  ii.  Testing 

After viewing the movie, children went into a different room for testing.  There 

were two separate tests; the first test was a memory-monitoring test, which utilized the 

same design as the test children completed on Experiment 1 in which children potentially 

had two tasks: the judgment of memory (judgment task), which was performed on every 

trial, and the matching task, which was performed on accepted trials.  Unlike Experiment 
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1, on the judgment task, in addition to viewing the animal and the opt-out arrow, children 

also saw the object mate of the animal, and a foil object (which was an associate for a 

different animal), making the judgment with all the memory information present on the 

screen.  The second test was a separate forced-choice recognition memory test (forced-

choice test), which assessed children’s memory for all 11 of the test items. (See Figure 

5.1.)  

 

 

Figure 5.1: Test procedures for Experiments 2 and 3.   

 

There were two practice test sets to ensure that children understood the procedure, 

which were conducted in the same way as Experiment 1. To encourage children to 

transfer the procedures to the animals from the movie, the second practice consisted of 

four animals; the first and last animals of the movie (which, according to list learning 

effects should be better accessible to memory) and two animals from the middle of the 

movie, which should similarly be less accessible.   These items were not used in the 
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subsequent tests. The actual test (memory-monitoring and forced-choice) consisted of 11 

pairs of animals and objects.   

After the memory-monitoring test, to examine children’s performance on the 

items they had declined on the memory-monitoring test, children were presented with an 

11-trial forced-choice test. On each trial, children saw one of the 11 animals, the animal’s 

object mate and another object that was the mate of a different animal.  They were simply 

asked to select which object had been paired with the animal.   For some children, some 

trials of the memory test involved being tested on an animal a second time if they had 

previously accepted the trial involving that animal on the memory-monitoring test.   

 

D.  Results 

One child declined all trials. Eight children accepted all trials. Sixteen children 

accepted and declined at least one trial. Children’s mean accept rate was 8.1/11 trials, and 

mean overall accuracy was 7.9/11 trials.  For children who accepted and declined at least 

one trial, mean accept rate was 7.1/11 trials, and mean accuracy was 8.2/11 trials.  The 

first analysis was conducted to determine if children demonstrated better memory 

accuracy for items they accepted those they declined on the memory-monitoring test, 

indicating accurate judgment of their knowledge.   For the 16 children who both accepted 

and declined at least one trial, the percent correct on the memory-monitoring test for 

accepted trials was compared to the percent correct on the forced-choice test for items 

children had declined.  As predicted, children were significantly more accurate on 
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accepted items (M=80%, SD = 22) than declined (M=61%, SD=39; t(15)=2.12, p=0.05, 

2-tailed, d=.53, which is considered to be  a medium effect, see Figure 5.2). 

 

Figure 5.2: Accuracy on Accepted versus Declined trials for children on Experiment 2.  
Significance value was p < 0.05. 

 

A second analysis was conducted to examine whether better memory-monitoring 

performance was related to better memory performance.  Each child took a recognition 

memory trial for all 11items, therefore the total number of correct responses was known. 

For each child, the number of correct items (taken from accepted items on the memory-

monitoring tests and declined items on the forced-choice task) was compared to the 

number of items the child expected to get correct, as indicated by the number of items 

   * 

  Accepted                            Declined 
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s/he accepted, to determine overall memory-monitoring performance. A difference score 

was calculated (total correct minus total accepted) and the absolute value taken to 

determine distance from zero. Children were ranked as to how far their performance 

estimates differed from their actual performance, with zero (no difference) being optimal.  

Children were divided at the median in two groups, ‘higher accuracy’ (HA) and ‘lower 

accuracy’ (LA), and the memory accuracy of HA versus LA children was compared.  

Results indicate that children in the HA group had significantly higher memory accuracy 

(M=81% SD=15) than children in the LA group (M=61%, SD=23; t(23)=2.61, p=0.02, 2-

tailed, d=1.01, which is considered to be a large effect, see Figure 5.3), suggesting that 

children who either over or underestimated their memory abilities showed poorer overall 

memory, although the possibility that children who are better at estimating their memory 

demonstrate a combination of better learning and memory cannot be ruled out (see Figure 

5.3).  A further analysis was conducted to explore the relationship between memory and 

memory monitoring using only items that children had accepted (indicating an 

expectation of correct knowledge).  A Pearson product-moment correlation between the 

memory monitoring score and the percent correct on accepted items only revealed a 

significant relationship r(23)=.94, p<.0001, suggesting that children whose memory 

estimates were more accurate were also more likely to be correct about which individual 

items they knew, achieving a higher percentage of those items correct than children 

whose memory estimates were less accurate.  The data suggest that children who either 

over or underestimated their memory abilities showed poorer overall memory, and poorer 
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ability to assess their knowledge for individual items.   

skills.  

Figure 5.3: Percent Correct on all trials for High Accuracy vs. Low Accuracy Groups on 
Experiments 2 and 3. Significance value was p < 0.05. 
 
 

IV.  Experiment 3 

The results of Experiment 2 indicate that children are able to evidence memory 

monitoring in a recognition memory task by selectively accepting or declining matching 

trials based on memory for matched pairs. This design was modeled after the task with 

which rhesus monkeys were successful at indicating metacognitive competence on visual 

matching tasks (Smith, et al., 2003).  However, as discussed in Chapter 4, monkeys were 

able to decline less well-known items and accept more well-known items only when they 

saw the target, the match and the foil at the time of choice.  The purpose of Experiment 3 

 * 
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was to further explore the relationship between memory-monitoring and memory by 

examining whether children can show evidence of memory-monitoring in a retrieval 

memory task at which monkeys failed.  This study was identical to Experiment 2 except 

that on the memory-monitoring test, children chose to accept or decline trials with only 

the animal and arrow present, without seeing the target and foil.  One reason to believe 

that children might succeed where rhesus monkeys failed is that in both memory-

monitoring tasks, monkeys required many hours of training and thousands of test trials, 

whereas children required two short practices and only 11 test trials.  Further, young 

children have access to language and the benefits of a symbolic representation system, 

perhaps providing them with an advantage over monkeys.  Therefore, children may be 

completing the tasks differently than monkeys.  

 

A.  Participants 

Participants were 29 children aged 3:5-3:7 (M=3:6).  Data from three additional 

children were discarded due to inability to complete the task unaided.   

 

B.  Materials 

The materials were the same materials used in Experiment 2.  The memory-

monitoring test differed from Experiment 2 in that the judgment task was completed 

without viewing the mate and foil, but with only the animal and arrow present.  There 

were two practice sessions followed by the test.  In the first item of the first practice 

children were asked, ‘do you know what he likes – do you think you could guess if you 
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saw the matches?’  As in Experiment 2, the experimenter completed the first practice 

with children, expressing knowledge of and ensuring choice of the familiar animals, and 

expressing ignorance of and ensuring decline of the novel imaginary animals.   

 

C.  Procedures 

The procedures were the same as Experiment 2. 

 

D.  Results 

Two children declined all trials, 11 children accepted all trials, and 16 children 

accepted and declined at least one trial. Children’s mean accept rate was 6.6/11 trials, and 

mean overall accuracy was 7.7/11 trials.  For children who accepted and declined at least 

one trial, mean accept rate was 4.4/11 trials, and mean accuracy was 7.3/11 trials.  The 

first analysis was conducted to determine if children demonstrated better accuracy on 

items they accepted than on those they declined on the memory-monitoring test, 

indicating accurate judgment of their knowledge.   For the 16 children who both accepted 

and declined at least one trial, the percent correct on the memory-monitoring test for 

accepted trials was compared to the percent correct on the forced-choice test for items 

children had declined.  As predicted, children were significantly more accurate on 

accepted items (M=78%, SD = 22) than declined (M=56%, SD=22; t(15)=2.7, p=0.02, 2-

tailed, d=.68, which is considered to be  a medium effect, see Figure 5.4). 
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Figure 5.4: Accuracy on Accepted versus Declined trials for children on Experiments 2 
and 3.  Asterisks indicate significance at p < 0.05. 

 

A second analysis was conducted to examine whether better memory-monitoring 

performance was related to better memory performance.  As in Experiment 2, children 

were divided into HA and LA groups.  The accuracy on the memory test of HA versus 

LA children was compared.  Results indicate that children in the HA group were 

significantly more accurate on the memory test (M=78% SD=14) than children in the LA 

group (M=64%, SD=11; t(26)=3.07, p=0.005, 2-tailed, d=1.11, which is considered to be 

a large effect, see Figure 5.5). A further analysis was conducted to explore the 

relationship between memory and memory monitoring using only items that children had 

accepted.  A Pearson product-moment correlation between the memory monitoring score 

and the percent correct on accepted items revealed a significant relationship r(25)=.48, 

Experiment 2                             Experiment 3 
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p<.01, suggesting that children whose memory estimates were more accurate were also 

more likely to be correct about which individual items they knew, achieving a higher 

percentage of those items correct than children whose memory estimates were less 

accurate.  The results suggest that there are significant individual differences in children’s 

memory monitoring and memory abilities.    As in Experiment 2, the data suggest that 

children who either over or underestimated their memory abilities showed poorer overall 

memory skills and poorer ability to assess their knowledge for individual items..   

 

 
Figure 5.5: Percent Correct on all trials for High Accuracy vs. Low Accuracy Groups on 
Experiments 2 and 3. Asterisks indicate significance at p < 0.05. 

 

Experiment 2                             Experiment 3 
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V.  Experiment 4 

The results of Experiments 2 and 3 indicate that children are able to evidence 

memory-monitoring in a recognition memory task by selectively accepting or declining 

matching trials based on memory for matched pairs, on both recognition and recall tasks.   

However, in both experiments, children’s accuracy for accepted items was measured 

using data from the memory-monitoring test, whereas accuracy for the declined items 

was measured using data from the subsequent forced-choice memory test.  This situation 

raises the possibility that memory performance on items that were declined may have 

been equivalent to that of accepted items when the accept/decline choice was originally 

made, and subsequently worsened due to forgetting or interference during testing, thus 

artificially lowering the later observed accuracy for declined items.  Experiment 4 was 

designed to measure the memory performance of children for paired associates 

immediately after viewing the movie.  If children’s accuracy on declined items was 

lowered as a function of interference, forgetting, or receiving differential feedback on 

those items during the memory-monitoring test, then accuracy for the weighted average 

of all items in Experiment 4 (accepted and declined) should be significantly lower than 

accuracy on a forced-choice memory test taken immediately after viewing the movie, in 

which no items have had opportunity to worsen in memory and thus pull the overall 

average down.  If, however, consistent with our prediction, the forced-choice test 

reflected poorer knowledge of those items that had been declined on the memory-

monitoring task at the time the choice was made, then overall memory accuracy on the 

memory-monitoring test in Experiment 3 (accepted and declined) should not differ from 



 95 

performance of children who take only the memory test on Experiment 4.  Further, 

memory for items accepted during the memory-monitoring test of Experiment 3 should 

be higher than overall memory for children who are tested immediately after the movie 

on Experiment 4, since the latter test includes items that children presumably would 

decline if given the choice. 

 

A.  Participants 

Participants were 27 children aged 3:5-3:7 (M=3:6).  Data from two additional 

children were discarded due to inability to complete the task unaided.   

 

B.  Materials 

The materials were the same as used in Experiments 2 and 3, with the exception 

that on the test phase only the forced-choice test was utilized.   The forced-choice test 

was introduced by telling the children that they were going to play a matching game with 

the animals from the movie they had just watched.  

 

C.  Procedures 

The experiment consisted of a learning phase and a test phase.  In the learning 

phase, as in Experiments 2 and 3, children watched the 15-item movie once.  They were 

not explicitly instructed to learn or remember the matches.  Subsequently, they went into 

a different room for the test phase.  In the test phase children took a forced-choice 

memory test in which they saw the same 11 items that had appeared on the memory-
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monitoring test in Experiments 2 and 3 to assess their memory for the matching pairs 

seen in the learning phase.  The experimenter explained the game to the children by 

saying, ‘we’re going to play a matching game.  We’re going to see some of the animals 

from the movie, and I want you to find the match for each animal.’  Children were shown 

a picture of one of the animals from the learning phase, the object mate of the animal, and 

a foil object (which was an associate for a different animal) and heard the prompt,  ‘He 

likes…?’ For the first trial only, after the auditory prompt the experimenter encouraged 

children to find the mate by asking,  ‘do you know what he likes?’ The experimenter then 

pointed to both the target and foil, asking ‘this, or this?’ No further prompting was given, 

although, as in Experiments 2 and 3, the experimenter echoed the feedback provided by 

the computer after each trial.   

 

D.  Results 

The first analysis was conducted to compare children’s memory accuracy in 

Experiment 4 with their accuracy from Experiment 3, which combined accepted items 

from the memory-monitoring test and declined items from the forced-choice test.  No 

difference was predicted.  Data from all 29 children from Experiment 3 were used, 

including data from children who both accepted and declined at least one trial, and 

children who either accepted or declined all trials.  The weighted mean accuracy for each 

child was calculated by using accuracy on accepted trials from the memory-monitoring 

test and declined trials from the forced-choice test.  For children who accepted all trials, 

the data came from the memory-monitoring test only, and for children who declined all 
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trials, the data came from the forced-choice test only.  The total percent correct for 

Experiment 3 was compared to the percent correct for Experiment 4.  As predicted, there 

was no difference between the overall memory performance of children in Experiment 3 

(M=70%, SD = 15) and children in Experiment 4 (M=64%, SD=21; t(54)=1.18, p=0.24, 

2-tailed, d=.19, which is considered to be a small effect, see Figure 5.6).  The plot in 

Figure 5.6 suggests that the memory performance of both groups reflects the same level 

of ability, providing evidence against the view that children in Experiment 4 had worse 

performance on declined items by the time they were tested in the memory test.  

 

 
 
 
 
Figure 5.6: Range of Total Memory Accuracy Scores (in Percent Correct) for Experiment 
3 and Experiment 4.  Bubble size represents number of data points at each score, with 
larger bubbles indicating more subjects than smaller bubbles. 

 
 

  Experiment 3                                        Experiment 4 
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Children in Experiment 3 were able to select trials for which they selected the 

match for the animal. Twenty-seven children accepted at least one trial.  In the original 

analysis of Experiment 3, the data for the 11 children who accepted all trials could not be 

included in the within-subjects analysis comparing performance on accepted vs. declined 

trials.  However, a between-subjects analysis was possible to compare the memory 

performance of children in Experiment 4 with the performance on accepted trials of the 

27 children who accepted at least one trial in Experiment 3.  If children selectively 

accepted trials in Experiment 3 based on memory-monitoring, then accuracy on accepted 

trials should be higher than the accuracy on the forced choice memory test from 

Experiment 4. The latter test presumably included items that children would have 

declined, as well as items they would have accepted, if given the choice. As predicted, 

children were significantly more accurate on accepted items from Experiment 3 (M=78%, 

SD = 22) than on the forced-choice memory test of Experiment 4 (M=64%, SD=15; 

t(52)=2.8, p = 0.03, 2-tailed, d=0.74, which is considered to be a large effect, see Figure 

5.7).  
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Figure 5.7:  Percent Correct for Accept Type Trials on Experiment and All Trials on 
Experiment 3 vs. All Trials on Experiment 4. Asterisks indicate significance at p < 0.05. 

 
 

Taken together, the two analyses comparing the results of Experiment 3 and 

Experiment 4 suggest that, when children asre allowed to selectively choose items to 

accept and decline on a memory task, they are able to effectively use the opt out option to 

improve their performance over that of children who are not given a similar opt out 

option.   

The results of Experiments 1-4 indicate that children are able to evidence 

memory-monitoring in a recognition memory task by selectively accepting or declining 

matching trials based on memory for matched pairs. The purpose of Experiments 5-6 was 

to further explore the relationship between memory-monitoring in adults, children, and 

monkeys by testing adult humans on a non-verbal uncertainty monitoring task.  Recall 

that children were successful with uncertainty monitoring both when the information was 

  * 

       Exp 3    Exp 4 
      Accepted Trials 

   Exp 3     Exp 4 
       All Trials 
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present and absent at test, in contrast to monkeys who were only successful when the 

information was present.   The final two experiments were conducted with adults, using 

the same basic methodology as Experiments 2 and 3 with children, described above. It 

was predicted that adults, like children, would be able to use the ‘opt out’ choice to 

escape difficult tasks. Comparing adults, who are credited with conscious awareness and 

an explicit ability to control their memory processes, to children, who are not credited 

with conscious access to their thoughts, may reveal insights about the nature of 

metacognitive processes and the relative contributions of implicit and explicit processes.   

 

VI.  Experiment 5 

The study was identical to Experiment 2 except that rather than learning 15 items, 

adults learned 20 items.   

 

A.  Participants 

Participants were 25 college-aged participants.  The male:female ratio was 5:20.  

Participants were enrolled in an introductory college level Psychology class, and 

participated for experimental credits for the class.    

 

B.  Materials 

The materials were the same materials used in Experiment 2 with the addition of 

five additional paired associates, making a total of 20.  Four items were used on practice, 

leaving 16 test items.    
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C.  Procedures 

The procedures were similar to the procedures in Experiment 2.  Because the 

experimental materials utilized with adults were clearly child-oriented (down to the 

miniature chairs and table used for testing, and the enthusiastic “yay!” they heard for 

successful trials), participants were told that they would be completing an experiment that 

was originally designed for children and modified for adults. Procedures for the learning 

phase and the test phase were the same as Experiment 2, with the exception that after 

practice, on the test trials, the experimenter no longer interacted with the participant, 

although she remained in the room and the computer provided verbal feedback.    

 

D.  Results  

Nine participants accepted all trials, and 16 participants accepted and declined at 

least one trial.  The first analysis was conducted to determine if adults demonstrated 

better accuracy on items they accepted than on those they declined on the memory-

monitoring test, indicating accurate judgment of their knowledge.   For the 16 adults who 

both accepted and declined at least one trial, the percent correct on the memory-

monitoring test for accepted trials was compared to the percent correct on the forced-

choice test for items they had declined.  Consistent with predictions, adults were 

significantly better on accepted (M=92%, SD=10) versus declined trials (M=76%, SD=7; 

t(15)=2.09, p=0.05, 2-tailed, d=0.53, which is considered to be a medium effect).  
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A second analysis was conducted to examine whether better memory-monitoring 

performance was related to better memory performance.  Adults were divided into HA 

and LA groups the same way as in Experiments 2 and 3.  The accuracy on the memory 

test of HA versus LA participants was compared.  Results indicate that participants in the 

HA group were not significantly more accurate on the memory test (M=89% SD=10) 

than participants in the LA group (M=85%, SD=6; t(22)=1.26, p=0.22, 2-tailed, d=.49 

which is considered to be a medium effect).  

 These results suggest that adults, like monkeys and children, are able to monitor 

their memory to selectively decline specific items to optimize performance when all the 

information is present. However, unlike with children, the memory and memory-

monitoring relationship was not found.  The failure to find a significant difference in 

memory and memory-monitoring with this study may have been due to the fact that 

overall accuracy was quite high, with an average of 87%, and only two of the 25 

participants scoring less than 80% correct.   A further analysis was conducted to explore 

the relationship between memory and memory monitoring using only items that 

participants had accepted (indicating an expectation of correct knowledge).  A Pearson 

product-moment correlation between the memory monitoring score and the percent 

correct on accepted items only revealed no significant relationship r(24)=.29, p<.15. With 

memory performance so close to ceiling, perhaps there was not enough variation to have 

adequate sensitivity to individual differences.  Therefore, on the subsequent experiment, 

originally designed only to explore adults’ abilities to make memory-monitoring 

decisions in the absence of the target and foil, an intervening memory tasks was added 
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between the learning and test phases.  The purpose of the intervening test was to provide 

external measures of attention and working memory, and to create a five-minute delay 

between learning and test to allow for forgetting of some pairs. The purpose of 

Experiment 6, then, was to further explore the relationship between memory-monitoring 

and memory by examining whether adults can show evidence of memory-monitoring in a 

retrieval memory task, in which children succeeded but monkeys failed, and further, to 

explore whether a relationship exists between memory-monitoring skills and attention or 

working memory skills.   

 

VII.  Experiment 6 

The study was similar to Experiment 5 except that in between the learning phase 

and the practice phase, participants completed the forward digit span and the backward 

digit span tasks from the Wechsler Memory Scale, 3rd Edition, and that participants 

completed the judgment task on the memory-monitoring test with only the animal and the 

‘opt-out’ arrow present, and without viewing the target and foil.  Thus, this experiment 

was an adult adaptation of Experiment 3, with an additional task.   

 

A.  Participants 

Participants were 19 college-aged participants.  The male:female ratio was 5:14.  

Participants were enrolled in an introductory college level Psychology class, and 

participated for experimental credits for the class.    
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B.  Materials 

The learning materials were the same materials used in Experiment 5.  After the 

learning phase, participants completed the forward digit span and backward digit span 

tasks from the Wechsler Memory Scale, 3rd Edition.  These tasks consist of lists of 

numbers of increasing length.  In the forward digit span, purportedly measuring focused 

attention, participants hear the digits read by the experimenter, and repeat them in the 

order they were read.  In the backwards digit span, purportedly measuring working 

memory, participants hear the digits and repeat them in the opposite order than the order 

in which they were read.  Lists increase in length, up to nine digits, and the longest list 

accurately repeated is measured.  After the digit span tasks, participants participated in 

the practice phase, followed by the memory-monitoring and forced-choice tests.  These 

test materials were the same as in Experiment 5, with the exception that on all trials, 

participants made the memory-monitoring decision with only the target and arrow 

present, and without viewing the mate and foil.  

 

C.  Procedures 

The procedures for the learning and test phases were the same as Experiment 5, 

with the exception that after watching the DVD and before going to another room to 

begin the memory-monitoring test, participants completed the forward digit span and then 

the backward digit span tasks.  

 

 



 105 

D.  Results  

Three participants accepted all trials, and 16 participants accepted and declined at 

least one trial.  The first analysis was conducted to determine if adults demonstrated 

better accuracy on items they accepted than on those they declined on the memory-

monitoring test, indicating accurate judgment of their knowledge.   For the 16 adults who 

both accepted and declined at least one trial, the percent correct on the metacognitive test 

for accepted trials was compared to the percent correct on the memory test for items they 

had declined.  Although the results were in the predicted direction, adults’ accuracy on 

accepted trials (M=83%, SD=12) did not differ significantly from accuracy on declined 

trials (M=70%, SD=31; t(15)=1.6, p=0.12, 2-tailed, d=0.55,  which is considered to be a 

medium effect).   

A second analysis was conducted to examine the relationship between digit span 

measures, memory for paired associates, and memory-monitoring.  Memory-monitoring 

was calculated in the same way as in the previous experiments.  Interestingly, the digit 

span measures did not correlate with each other, nor did either one correlate with the 

overall memory performance.    However, digit span measures did correlate with 

memory-monitoring.  There was a negative correlation between backward digit span and 

memory-monitoring score r(17)= -0.46, p=0.05, suggesting that people with better 

working memory may have worse estimates of their performance.  Further, there was a 

trend toward a positive correlation between the forward digit span and the memory-

monitoring score r(17)=0.41, p=0.08, such that people with higher scores on the forward 

digit span had better estimates of their performance. The correlation between digit span 
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and memory monitoring is suggestive of some relationship between cognitive processes.  

However, given the lack of significant memory-monitoring findings and the lack of a 

strong correlation between the more basic measures, it is difficult to interpret these 

findings without much caution.  

The failure to fully replicate with adults the memory-monitoring findings with 

children on this, more stringent, memory-monitoring task, is intriguing.  It is important to 

note that the effect size of the memory monitoring task on this experiment is the same as 

the effect sizes in the Experiments 2 and 3, with children, and Experiment 5 with adults, 

suggesting that perhaps adults in this experiment were able to monitor memory at least 

equally well as participants in those prior experiments. However, the possibility of a true 

null hypothesis must be addressed.  One possible explanation for the lack of difference 

between accepted and declined items on Experiment 6 is that perhaps during the 

experiment adults initially skipped items that they did, indeed, not know, but over the 

course of the memory-monitoring test were able to learn about those skipped items. Since 

every foil item was a target for a different pair, it is theoretically possible to learn through 

process of elimination the correct matches for declined pairs.  For example, say a 

participant accepts a trial with ‘Andy’ and sees the target ‘fire truck’ along with the foil 

‘umbrella,’ (which is the correct target for ‘Tyler’).  From that trial, it is possible to 

confirm that ‘fire truck’ belongs with Andy, not with any other animal.  On a subsequent 

trial on which ‘fire truck’ appears as a foil to ‘Laura,’ along with the correct target 

‘soccer ball,’ it can be deduced which is the correct answer by process of elimination.  

Thus, participation on the memory-monitoring test can actually result in better 
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performance on the later memory test.  In fact, a paired t-test comparing performance of 

individuals on accepted items across both tests showed significantly higher accuracy for 

items taken on the forced choice test (M=94%, SD=12) than on the previous memory-

monitoring test (M=82%, SD=12, t(18)=4.40, p<0.001, 2-tailed, d=1.02, which is 

considered to be a large effect), suggesting that participants were learning from one test 

to the other, resulting in improved performance on the latter test.  To further explore the 

possibility that adults’ performance was improving from memory-monitoring test to 

subsequent memory test, their accuracy on accepted items, which they took on each test, 

was compared.  Items that were accepted and correct on the memory-monitoring task 

were more likely to be correct again on the subsequent memory task than incorrect.  A 

paired t-test revealed that with items that adults accepted but answered incorrectly on the 

memory-monitoring task, a higher percentage had changed and were correct (M=87%, 

SD=5) than remained incorrect (M=13%, SD=5, t(15)=8.6, p<0.001) on the subsequent 

memory task, suggesting that adults were indeed learning and improving their 

performance over the course of the experiment.  Significantly, this effect was not found 

in the experiments with three-year-olds, who were more likely to respond the same way 

to items on both tests than to show either a performance improvement or decline, 

suggesting that perhaps adults are better able to track information and apply cognitive 

strategies over time on this task.   

Although learning during the experiment is a viable explanation for the lack of 

significant memory-monitoring results observed in Experiment 6, this explanation would 

fail to explain, then, why adults in experiment 5 did not show a similar learning effect.  
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However, it should be noted that the digit span tasks introduced an element of processing 

in Experiment 6 that was not present in Experiment 5, thus making the two experiments 

impossible to compare directly.   Perhaps accessing memory on the digit span task 

somehow affected later access of memory for the memory-monitoring task, complicating 

the results.   

A more general explanation for performance on both Experiments 5 and 6 is that 

the experimental tasks, while appropriate measures for young children, were not 

appropriate when directly scaled up for adults, and that adults’ performance is subject to 

a combination of factors, including explicit cognitive control, that interact in a complex 

way to affect metacognition. Anecdotally, adults were more likely to question the 

instructions than children, frequently seeking more information about more subtle 

variations in knowledge, for example asking what to do if they weren’t sure that they 

knew or didn’t know, but felt uncertain.  Children did not similarly question the 

instructions, but more readily attempted each trial after being given the basic instructions 

and practice trials.   Additionally, the social reward (praise) and punishment (negative 

feedback), which appeared to act as effective reinforcers for young children, may have 

been less compelling for adults, decreasing their motivation to skip trials to avoid 

negative verbal feedback.  Just as adult tasks may be inappropriate and difficult to 

interpret when scaled down to child-sized versions, perhaps the same criticism can be 

made of developmental experiments that are directly scaled-up for adults without taking 

into account some of the clear differences in processing that likely affect how an 

individual understands, processes, and responds to a task.   
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VIII.  Discussion 

Experiments 1-4 indicated that young children are able to demonstrate evidence 

of implicit memory-monitoring skills before the age at which they can verbalize about 

their knowledge, and that on at least one task they succeeded on a task with which 

monkeys did not demonstrate success. In addition, the results suggest that memory-

monitoring may be linked to memory itself. Experiments 5 and 6 were conducted to 

compare the performance of adult humans on the same task used with monkeys and 

children. Although there has been one study that tested uncertainty monitoring in adult 

humans using methodologies adapted from animal literature on a perceptual 

discrimination task (Washburn et al., 2005), this was the first attempt to assess the 

metacognitive capacities of adults, children, and non-human animals using essentially the 

same methodology with all three.  The results of Experiments 5 and 6 suggest that adults, 

like monkeys and children, are able to monitor their memory to selectively decline 

specific items to optimize performance, but only when all the information is present. 

However, unlike with children, the memory and memory-monitoring relationship was not 

found.  

The results present an intriguing story.  Young children were able to successfully 

opt out of difficult test items to optimize performance on the memory test, both in the 

condition where they made a memory-monitoring judgment with the target and foil 

present, and when they made the judgment seeing only the target.  Previous research with 

monkeys demonstrated that monkeys were successful only in the condition when they 
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saw the target and foil.  Adult humans similarly only showed reliable memory-

monitoring on the version of the task with the target and foil present, although given 

similar effect sizes across all experiments, this conclusion is not clear. Both children and 

adults, in contrast to monkeys, have access to language and some symbolic reasoning, 

perhaps providing an advantage over monkeys that children were able capitalize on.  

However, adults have, in addition to symbol manipulation systems, explicit awareness of 

at least some thought processes and their abilities to monitor and direct them.  Perhaps 

this explicit awareness led them to approach the task in a more complex way than 

children, leading them ultimately to appear to perform more poorly.  Adults and children 

were instructed to accept a trial if they knew the match, and decline the trial if they didn’t 

know.  Anecdotally, adults occasionally asked for clarification about which response type 

was the appropriate one for trials on which they were uncertain of their own knowledge 

state, for example asking if, on a given trial, they didn’t know whether they knew or not, 

should they accept or decline.  In an attempt to maintain consistency between the adult 

and child experiments, no clarification was given, perhaps resulting in adoption of 

different strategies by different individuals. Children, on the other hand, did not ask 

similar clarification questions about the task and perhaps did not experience explicit 

awareness of multiple different states of knowing and not-knowing.  A second anecdotal 

observation was that, after the trials were over, adults occasionally spontaneously 

reported descriptions of their performance.  For example, one participant who accepted 

and erred on a number of trials later said that she thought she should just accept and “try 

my best” on each trial, even if she thought she didn’t know it. Although children 
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occasionally described a strategy, it more typically reflected a simple process, such as 

using a particular color preference to aid in selection of responses.  

The overall picture presented by the results of the six experiments describes a 

relationship between memory processes, memory-monitoring processes, and other 

cognitive processes such as attention, working memory, and perhaps conscious awareness 

and language.  Further, the results suggest that current assumptions about the state of 

metacognitive abilities in adults, children, and non-human animals may be more 

complex, and may involve more factors than have typically been included in the focus of 

metacognitive research.  In addition, the apparent failure to replicate with adults on 

Experiment 6 the significant results found with children on Experiment 4 may be best 

serve as a caveat to researchers interested in applying methods across variable 

populations to be wary of too easily adapting methods without considering multiple 

factors that contribute to performance on a task.  Finally, the ability of children to 

perform equally well or better than rhesus monkeys on memory-monitoring tasks, and 

with far fewer training trials, suggests that perhaps children are capable of more complex 

cognitive processes than they are often credited with, when tested in appropriate ways.  In 

the final discussion, the implications of the research findings described in this chapter 

will be discussed with regard to the origins of metacognition in young children, the 

processes that might underlie implicit metacognition, and how early metacognitive skills 

can explored in infant learning paradigms. 
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GENERAL DISCUSSION 
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I.  Introduction 

Traditional models of metacognition, such as the Dual Process model (Nelson & 

Narens, 1990) describe metacognition as a complex and separable cognitive system that 

acts upon core processes, and relies on a certain level of conscious awareness of one’s 

own thoughts.  This definition and the resultant research have excluded children younger 

than at least age four at the earliest from having metacognitive competency.  What is 

proposed in this dissertation is an alternate description of metacognition, such that 

metacognitive processes are intrinsically linked to and naturally arise from core cognitive 

processes.  Thus, metacognition may exist implicitly in young children, and may serve as 

a cognitive tool to guide differential responding in learning situations in early childhood, 

only emerging explicitly later in development.  Two predictions arise from the 

description of metacognition presented here.  The first is that young children will be able 

to provide evidence of implicit metacognitive processes when tested using non-verbal 

paradigms before they are able to demonstrate success on explicit metacognitive tasks.  

The second is that individual variability on metacognitive tasks, such as memory-

monitoring, will be related to differences in performance on the cognitive processes from 

which they arise, such as memory.  Four experiments were conducted to explored the 

question of whether young preschool children, aged 3.5, who typically fail explicit 

metacognitive tasks, would be able to demonstrate evidence of implicit metacognition in 

the form of memory-monitoring, and further, whether memory-monitoring performance 

would be related to memory performance.  Subsequently, two experiments comparing the 
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performance of young children to adults, who are known to have metacognitive 

proficiency, were conducted.  For this purpose, two tasks providing evidence of 

uncertainty monitoring in a memory task with rhesus monkeys, and which relied on 

behavioral rather than verbal responding, were adapted for young children.  

Results suggest that children are, indeed, capable of demonstrating implicit 

metacognition in the form of memory-monitoring, and further, that individual differences 

in memory-monitoring and memory itself may be intrinsically related.  Significantly, on a 

memory-monitoring task that rhesus monkeys had failed, children did demonstrate 

memory-monitoring abilities, perhaps the result of having additional cognitive tools like 

developing language and symbolic representation systems.   Subsequently, the 

experimental task was modified for adults, who not only have language and symbolic 

representation systems, but in addition, have explicit conscious awareness of many 

cognitive monitoring and control abilities.  Interestingly, although adults tended to show 

an ability to optimize performance based on memory-monitoring, the results were not as 

clear as with children, nor did they show a clear relationship between memory-

monitoring and other cognitive processes, suggesting that metacognitive performance is a 

result of a complex combination of cognitive factors interacting dynamically in a way 

that may be hard to capture with current prevalent models.   

The results are a first step toward describing the emergence of metacognition 

across development and species, and addressing the paradox of excellent learning 

abilities in infants and young children with their here-to-fore assumed poor metacognitive 

skills. The picture that is beginning to emerge is one in which learners are able to keep 
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track implicitly of what they do and do not know from very early in life. Some aspects of 

this ability can be tapped in non-verbal metacognition tasks such as ours by the pre-

school years (and perhaps before). However, the ability to verbalize about the contents of 

one's memory develops later. Thus, knowing and being able to make use of the contents 

of one's mind represents a continuum of task-particular abilities, which gradually evolve 

from more simplistic processes that provide implicit cues, to more sophisticated and well-

differentiated process. The processes that underlie metacognition in children and animals 

may be the same that exist in adults, although by adulthood, there are multiple other 

cognitive processes that interact to allow for much more complex capacities and 

conscious awareness.  

One intriguing finding from the experiments in this dissertation that might shed 

more light on the nature of metacognition is that of significant individual differences. 

These will be explored in the next section of this chapter. The section following the 

discussion of individual differences will present two possible mechanisms of implicit 

metacognition in early childhood.  The first proposed mechanism is that young children 

may experience changes in affect associated with learning and memory, and it is these 

changes in emotion that serve as an implicit, albeit rudimentary, mechanism for marking 

changes in memory strength.  With maturation, the affective states associated with 

differential knowledge become more well-differentiated and recognizable, allowing for a 

growing explicit awareness.  The second hypothesis is that in young children, perhaps a 

simple threshold account of memory strength monitoring can serve to provide useful 

information about their memory states, such that if the strength of a representation is 
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below a certain threshold they will respond differently than if it is above threshold.  With 

development of more complex cognitive capacities such as language, children’s abilities 

to recognize and report on varying levels of memory strength develops, allowing for 

explicit metacognitive abilities.  The subsequent section of the chapter will discuss 

implications of the research presented here on current models of metacognition in adults.  

Finally, the last section of the chapter will present some ideas about possible future 

directions for work on metacognition, including some new work with infants. 

 

II.  Individual Differences 

A significant finding from this research was that, in both Experiments 2 and 3, 

children who demonstrated better memory-monitoring performance also demonstrated 

better overall recognition memory performance than children who either over- or 

underestimated their memory.  Adults in Experiments 5 and 6 also demonstrated a link 

between memory estimates and performance on digit span tasks, although this 

relationship was less transparent, with memory-monitoring being correlated with 

attention, but negatively correlated with working memory. This intriguing finding 

suggests that, at least in children, metacognition is linked to the process on which it acts, 

such that performance in one domain is inherently linked to performance in the other.  

This linkage further suggests that individuals who differ in core processes like memory 

may also differ in the control and monitoring processes that act upon them.  Recent 

studies focusing on individual differences reveal that older children and adults, also, vary 

in their ability to optimally respond to uncertain tasks, and that this difference may be 
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correlated with other cognitive and personality variables.  In children a more direct 

memory and memory-monitoring relationship has been found, while with adults, similar 

to our findings, a complex relationship with attention and other measures was found 

(Schneider et al., 2004; Sodian & Schneider, 1986; Washburn et al., 2005).  The current 

results suggest that what has typically been called ‘metacognition’ and cognition are 

inherently interrelated, and that metacognition may emerge implicitly very early, in fact 

as early as when core processes emerge, providing a mechanism by which infants and 

children can actively direct learning.  Additionally, results support the hypothesis that 

memory-monitoring may arise from memory-processes by a mechanistically simple 

process early in life, resulting in a relationship between the two processes, but that by 

adulthood the processes that underlie memory-monitoring may be significantly more 

complex, resulting in a less straightforward relationship with memory, and perhaps more 

difficulty with overly simplified judgment tasks.   

It is unclear what underlies the individual differences resulting in the disparity in 

performance observed in these experiments.  It is especially intriguing that in both 

Experiment 2 and 3, almost one third of children chose to accept all trials, essentially 

providing no evidence of complex strategy use, while the remaining children evidenced 

at least some strategy use, but were distributed on a continuum of proficiency.  The 

significance of the between-subjects analysis comparing the accuracy of ‘accept’ trials in 

Experiment 3 to the forced memory test on Experiment 4 suggests that some children in 

Experiment 3 who accepted all trials (those whose accuracy was very high) would not 

have benefited from using the ‘decline’ option, and thus may have been using a selective 
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strategy.  However, the performance of those children who accepted all trials, but whose 

accuracy was low, stands out from those children whose memory accuracy was low, but 

who were able to effectively utilize the ‘decline’ option to skip more difficult trials. 

Previous developmental metacognitive research has found similar differences, with 

children in the same age cohort demonstrating different levels of metacognitive 

awareness and use (Schneider et al, 2004).  Somewhat surprisingly, in Experiments 5 and 

6, there was a subset of adults who accepted all trials, and who varied in their 

performance, suggesting that, just as some children appear better able to utilize an “I 

don’t know” type of response to optimize reward, some adults are better able to do so.  

This observation raises the questions of whether such differences arise from core 

cognitive or personality traits that persist throughout one’s lifetime, and the implications 

this might have for learning.  Further exploration into the nature of individual differences 

that result in such disparate performance would be useful in elucidating more about the 

nature of complex cognitive functions in both normal and atypical populations of 

children. 

 

III.  Mechanisms of Implicit Memory-Monitoring 

The findings from this research suggest that young children are able to 

demonstrate implicit memory-monitoring abilities. The question remains as to what types 

of processes might function as cues to one’s own current state of knowledge, in the 

absence of conscious thoughts, and secondly, how memory and metamemory become 

separately accessible abilities in adult humans. Two possibilities proposed here are, first, 



 119 

that emotion can serve as a memory-monitoring mechanism early in development, and 

second, that accessing information about the threshold of memory strength can serve as a 

memory-monitoring mechanism.  

 

A.  Emotion as a Memory-Monitoring Mechanism 

The first hypothesis entertained here to describe the mechanisms of implicit 

metacognition is that perhaps, in generating a memory search, children use differential 

emotional markers, rather than a cognitive feeling of knowing per se, as decision criteria. 

For example, in the experiments presented in this dissertation, children may have chosen 

to accept trials based on a sense of  ‘liking’ for certain items over others. Repeated 

exposure to a stimulus can result in a change in affect toward that stimulus, known as the 

exposure effect, potentially providing one way of differentiating known from unknown 

items, or items differing in levels of uncertainty (Zajonc, 1968).  For example, in one set 

of studies, adults were exposed to 86 trials of nonse words that varied in frequency, 

(being told they were seeing adjectival words from a different language, like Turkish and 

Chinese), and were asked to guess whether the word described something good or bad.  

After either active repetition of words, or mere passive exposure to words, subjects 

tended to rate higher frequency words as being the most positive, with lower frequency 

words described less positively. This effect was replicated in an entirely different task, in 

which participants viewed photographs of people and subsequently judged each one on 

the expected likeability of the depicted person.  More frequently viewed photos were 

judged as more likeable, providing cross-domain support for the idea that familiarity 
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breeds not contempt but rather liking (Zajonc, 1968).  This research suggests with that, 

given a set of information, repeated exposure will result in more positive emotional 

valence to items viewed more frequently, coincidentally the same items that would be 

expected to be relatively better learned.  Experiment 1 is an interesting test of this 

hypothesis.  Recall that in Experiment 1, frequency of presentation of object pairs was 

manipulated, with the goal of manipulating subsequent memory strength of those pairs.  

However, this manipulation, and the observed preference of children to accept trials with 

more familiar over less familiar pairs, could be interpreted as support for the exposure 

effect described above.   More frequent exposure may have resulted in more positive 

feelings for certain pairs, driving the accept choices on the memory-monitoring task.  The 

relationship between exposure and liking is likely more complex, and may be mediated 

by learning, such that stimulus items that are experienced more often develop a stronger 

memory trace, and simultaneously develop a stronger positive emotional association.  

Unfortunately, the Zajonc study did not include measures of competence.  However, the 

theoretical relationship between learning and affect can be explored by examining 

Experiments 2 and 3.  In these two experiments, exposure time was equated, thus all 

items were equally familiar.  However, as is clear from the memory test, each child had 

some items that were relatively well remembered and some that were not.  A feeling of 

knowing for items may have been derived from a feeling of liking that itself was derived 

from memory strength.  By this account, rather than a clearly metacognitive feeling of 

knowing, children experienced a feeling of liking that marked certain items as being 

‘known’, and a feeling of disliking that marked others as ‘not-known.’ Functioning in this 
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way, emotional valence can provide information about memory states that can result in 

differential responding.  It is likely that the relationship between familiarity, learning, and 

emotional valence can be better described by a U shaped curve rather than a simple linear 

relationship, to take into account that differential levels of familiarity across learning in 

an experiment can result in different emotional valances as described in the Multifactor 

model of infant preference (Hunter & Ames, 1988). At a certain level of familiarity and 

learning, the associated emotion may be positive, driving attention towards that stimulus, 

as was observed in selective acceptance of trials on Experiments 1-3 in this dissertations.  

Too much familiarity, to the point where the stimulus is overly well learned and no 

longer stimulating, may result in a drop in positive affect, driving attention away from 

that stimulus, an effect not measured in our experiments.  Interestingly, in our pilot data 

with four-year-olds, their performance was quite erratic, as if, in fact, they found the task 

unstimulating.  For example, more than one of these older children accepted all trials and 

for each one chose the incorrect match (an almost impossible feat to accomplish without 

knowing the correct answers, since chance performance was 50%), while giggling the 

whole time.  Finally, in the developmental literature, at least one researcher has 

hypothesized, albeit indirectly, that emotion can play a role in metacognitive judgments.  

This idea that emotion may support early metacognitive assessments is found in evidence 

that young children’s metacognitive estimates appear to be affected by confusion 

between wishful thinking (emotion) and true performance prediction in metacognitive 

tasks (Schneider, 2000) (see Chapter 3 for details).   



 122 

To summarize, perhaps early in development, in learning and memory tasks that 

require children to search memory and make a decision as to how to respond to 

information, emotion plays a crucial role in providing information about knowledge 

states.  In children, cognitive and emotional processes are closely integrated, thus 

emotion-based memory-monitoring can result in a functional metacognitive tool, but also 

difficulty in separating ‘thoughts’ from feelings, and thus poor explicit metacognitive 

awareness. As children get older, memory and the associated emotional valence may 

begin to diverge, as memory and reasoning processes mature, such that at some point 

emotional valence becomes available to conscious access, and allows for explicit 

reflection, resulting in gradual emergence of explicit awareness of one’s memory.  

Phylogentically, perhaps the evolution of metacognition follows a relatively similar 

trajectory.  Future research into the relationship between familiarity and learning, and 

associated emotional valence in non-human animals may provide intriguing insights into 

the nature of the relationship between “non-cognitive” and “cognitive” skills, and how 

they can drive processes such as metacognition. 

 

B.  Threshold of Memory Strength as Memory-Monitoring Mechanism 

An alternate metacognitive mechanism may be described by a simple threshold 

account.  By this account, when a child generates a memory search that results in an 

activation of a memory representation above a certain threshold, the child experiences 

successful recall and chooses to ‘accept,’ otherwise s/he experiences recall failure and 

responds ‘decline.’  To apply this idea to the infant looking paradigms described in 
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Chapter 3, when an infant’s internal representation with a given stimuli is above a certain 

threshold, the child experiences optimal stimulation and chooses to allocate attention to 

that stimulus, but otherwise experiences sub-optimal stimulation, and chooses to allocate 

attention to seeking other stimuli.  At very young ages, this level of complexity may 

adequately serve to guide behavior in response to changes in knowledge, and this 

threshold-response system may become more complex as cognitive complexity grows, 

such that by adulthood people have more options for more graded levels of knowing.  

This may explain why adults in Experiments 5 and 6, who were given a binary response 

option, appeared to perform more poorly than children.  Adults also occasionally 

questioned how to respond to more fine gradations in knowledge representation than the 

task allowed for, while children did not appear to experience a similar confusion.   

What is truly fascinating about the findings obtained in this dissertation is that 

whatever the underlying metacognitive mechanisms, which may be quite mechanistically 

simple, implicit metacognitive processes appear to be quite effective in guiding behavior 

despite a lack of conscious awareness.  In fact, anecdotally, if children had utilized the 

strategies that they occasionally explicitly reported, their performance would have 

suffered tremendously.  Children reported choosing based on color, screen position, and 

even apparently random associations.  For example, responding to the question “do you 

know what he likes,” one child responded “cat food!”  Often children’s behavior matched 

their verbalizations, but it was not infrequent for a child to express ignorance, and then 

without hesitation accept the trial and select the correct target.  Even parents watching 

their children often described their behavior with simple explanations, saying, for 
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example, that a child had accepted the trials with objects that were his favorites at home, 

or that a child just liked to guess a lot (regardless of the number of accepted or declined 

trials). The range and type of verbal self-report suggests that conscious memory-

monitoring, at least as measured by verbal report, is not a good guide for behavior in 

young children.  In contrast, implicit metacognitive processes in young children not only 

operate, but also apparently manage to prevail over conscious monitoring processes to 

guide behavior effectively, as evidenced by the accuracy on accepted versus declined 

items. 

 

IV.  Implications for the Dual Process and Trace Accessibility Models 

 The results of this dissertation have implications for prevalent models of 

metacognition in adults, providing support for the Trace Accessibility model (Koriat, 

1993), and failing to provide similar support for the Dual Process model (Nelson & 

Narens, 1990).  First , the Trace Accessibility but not the Dual Process model is 

compatible with a continuous developmental trend in metacognition, addressing the 

question of the origins of metacognition.  Second, the Trace Accessibility but not the 

Dual Process model would predict a relationship between memory and memory 

monitoring similar to what was found in the empirical portion of this dissertation.  

 The metacognitive model presented in this dissertation, and the evidence for early 

implicit metacognitive processes, can provide an explanation of how metacognition 

develops to adult-like form according to the Trace Accessibility model, but not the Dual 

Process model. As described in Chapter One, current descriptions of metacognition 
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largely fail to describe how metacognition develops, but rather describe metacognition as 

not existing at some ages, then existing at later ages and developing to a more adult-like 

level of maturity.  According to the Trace Accessibility model and the model of 

metacognition in this dissertation, metacognition arises secondarily to memory processes.  

In the Trace Accessibility model, this information is cognitive in nature, for example 

associated but irrelevant information attached to the memory. According to this 

dissertation, in very young children the information used for metacognition is not 

necessarily cognitive.  Simple maturation could account for a transition in the 

characterization of metacognition from ‘non-cognitive’ mechanisms to more cognitive in 

form, and the accompanying ability to consciously report upon these thoughts.  This  

would result in metacognitive abilities as described by Trace Accessibility model of 

metacognition, closing the apparent chasm between children and adults in a way that is 

plausible by relying on continuous development of one skill resulting in a more 

sophisticated version of that skill, which becomes available to conscious access with the 

development of other cognitive skills such as language.  The results of this research 

cannot similarly be applied to the Dual Process model, since the metacognitive processes 

measured in Experiments 1-6, although effective at guiding behavior, provide no 

evidence of separate monitor and control systems, nor do they provide evidence of 

metacognitive processes that operate independently from memory processes.   

Furthermore, to accept the Dual Process model of metacognition is to leave unexplained 

the question of how children’s metacognitive skills as evidenced in the experiments here 

transform to a complex and self-defined adult metacognitive system as described by the 
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Dual Process model in which metacognition becomes superimposed upon and 

independent from core cognitions.   

 Additional support for the Trace Accessibility model comes from the findings of 

significant individual differences in Experiments 3 and 4, suggesting a relationship 

between memory and memory monitoring abilities.  The model of metacognition 

proposed in this dissertation is similar to the Trace Accessibility model, in that it 

proposes that metacognitive mechanisms may arise naturally from cognitive processes to 

guide action.  Since both models propose that memory and memory monitoring and thus 

interlinked, both models would similarly predict a relationship between memory 

monitoring and overall memory skills, in contrast to the Dual Process model, which 

would not allow for such a prediction. The results of this dissertation, therefore, in 

finding a relationship between memory and memory monitoring, provide at least indirect 

support for the Trace Accessibility model.  Although the Dual Process model does not 

necessarily predict a null relationship between memory and memory-monitoring, by 

considering the processes to be independent, an explanation of such a relationship in this 

and other experimental work, would rely on a less parsimonious explanation, such as 

differences in overall cognitive ability, which do little to contribute to the understanding 

of individual cognitive mechanisms and the interaction between them.  

  

V.  Future Directions 

This research is an important step in providing evidence that children can guide 

their behavior in complex ways using self-generated cues about their own knowledge 
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structures, at least in a post-learning, retrieval task.   To complete the picture, research 

needs to be done exploring whether infants can strategically direct their ongoing learning 

through monitoring knowledge states. Current research in our lab is underway to examine 

whether infant preference for novel or familiar stimuli predicts what they in fact know 

about those stimuli.  This paradigm is an attempt to directly apply the results found in 

Experiments 1-4, suggesting that young children can alter behavioral responding on a 

memory task based on implicit memory-monitoring, to a preferential looking paradigm 

with infants.  Recall that, in preference paradigms, infants’ visual attention to a stimulus 

is used as an indirect measure of learning, based on the assumption that infants will 

attend to a stimulus until they have attained a level of mastery with its contained 

information.  By this hypothesis, infants should attend to more complex stimuli than 

simple, and secondly, an infant who habituates to a stimulus (therefore indicating that 

s/he has attained a level of competence with that information) will demonstrate better 

knowledge of that stimuli than that of an infant who is interrupted while still attending.   

 The experiment currently underway exposes infants to information in a learning 

phase, and later tests their memory for information presented in the learning phase, 

comparing habituation times of infants exposed to a complex visual array to those 

exposed to a simple visual array, and comparing memory performance of infants who are 

allowed to habituate to infants whose viewing time is interrupted prior to habituation.  In 

this task infants see a set of six cubbies, each containing a closed box.   Hidden inside 

three of the boxes, either in a complex arrangement or a simple arrangement depending 

on the experimental condition, are three balls.  Infants view a movie that shows the 
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location of the three balls in the array of boxes, to allow them to learn the location of the 

balls. In the complex condition, one group of infants watches the movie until they 

habituate, and a second group of infants is interrupted before habituating.  At test, infants 

are presented with the cubbies and closed boxes, and are encouraged to search for the 

balls by sequentially opening the boxes.   If infants are differentially attending to 

information based on their level of knowledge with that information, then they are 

expected to have longer viewing times for the more complex array of balls, while infants 

in the simpler array are expected to have shorter viewing times.  Similarly, infants who 

are allowed to habituate should show better memory, by more accurate searching for the 

balls at test.  The results of this experiment, if significant, will be a major contribution to 

better understanding the relationship between attention, learning, and self-directed 

behavior in infancy.  In addition, this experiments is hoped to connect the research on 

allocation of attention in adult JOL literature, and a similar phenomenon on allocation of 

attention in infant learning literature.   

 

VI.  Concluding Thoughts 

 In conclusion, the data on memory-monitoring with adults, children and non-

human animals appears to suggest that, rather than having significantly different 

metacognitive skills, all three populations may relay on common implicit mechanisms, 

that evolve into the explicitly available form observed in adults. Further research 

integrating the research with these diverse populations needs to be conducted, as well as 

further research exploring the nature of the interaction between metacognition and other 
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cognitive skills, including attention, consciousness, and symbolic representational 

systems, needs to be conducted.  Only by taking into account the complex interplay of 

processes resulting in any cognitive function, and by taking into account this broader 

view of cognition across ages and species, can an accurate characterization of 

metacognition be obtained and applied to questions about memory and learning.  
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