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Abstract

Some memories of the events of our lives have a long shelf-life—they remain accessible to 

recollection even after long delays. Yet many other of our experiences are forgotten, sometimes 

very soon after they take place. In spite of the prevalence of forgetting, theories of the 

development of episodic and autobiographical memory largely ignore it as a potential source of 

variance in explanation of age-related variability in long-term recall. They focus instead on what 

may be viewed as positive developmental changes, that is, changes that result in improvements in 

the quality of memory representations that are formed. The purpose of this review is to highlight 

the role of forgetting as an important variable in understanding the development of episodic and 

autobiographical memory. Forgetting processes are implicated as a source of variability in long-

term recall due to the protracted course of development of the neural substrate responsible for 

transformation of fleeting experiences into memory traces that can be integrated into long-term 

stores and retrieved at later points in time. It is logical to assume that while the substrate is 

developing, neural processing is relatively inefficient and ineffective, resulting in loss of 

information from memory (i.e., forgetting). For this reason, focus on developmental increases in 

the quality of representations of past events and experiences will tell only a part of the story of 

how memory develops. A more complete account is afforded when we also consider changes in 

forgetting.
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Forgetting is fundamental. Most of the time, we take it for granted that much of what we 

once remembered eventually (if not sooner) will be forgotten. We even plan for forgetting—

creating notes and electronic reminders of things that we do not want to forget, but know 

that we otherwise would. Yet in spite of the prevalence of forgetting, theories of the 

development of memory largely ignore it as a potential source of variance in explanation of 

the course of change in long-term memory for past events—so-called episodic or 
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autobiographical memory. Instead, focus is on what may be viewed as positive 

developmental changes, that is, changes that result in improvements in the quality of 

memory representations that are formed. The purpose of this review is to remove forgetting 

from the shadows and bring it into the spotlight of attention. The major argument of the 

review is that focus on developmental increases in the quality of representations of past 

events and experiences will tell only a part of the story of how memory develops. A more 

complete account is afforded when we also consider changes in forgetting (see Bauer, 2015, 

for a review).

Complementary Processes in Development of Memory

There is no doubt that over the course of childhood, memory for past events and experiences 

gets better. The early history of the developmental study of memory is replete with examples 

of age-related improvements in task performance (Bauer & Fivush, 2014). The trend is 

apparent whether one considers incidental memories, such as those formed over the course 

of everyday life, or deliberate and strategic remembering (see Bauer, 2013, for a review). 

The changes typically are viewed in terms of positive developments in the quality of the 

representations of past events that are formed, in terms of improvements in component 

abilities, or both. For example, we attribute better retention over time to more veridical 

encoding (e.g., Ornstein, Baker-Ward, & Naus, 1988), to more nuanced differentiation of the 

details of one event or experience relative to another (e.g., Bauer & Lukowski, 2010; 

Riggins, 2014), to greater precision locating events in time (Friedman, 2014) and place 

(Lourenco & Frick, 2014), to more robust and autonomous retrieval processes (e.g., 

Roebers, 2014), and to increases in autonoetic awareness (Tulving, 2005; Wheeler, 2000), to 

name a few. All of these changes contribute to the formation of memory representations that 

are of higher quality, through addition of more, better elaborated, and more tightly 

integrated features (Bauer, 2015). The result is a higher quality memory trace and more 

robust remembering.

Critically, increases in the quality of the representations of past events and experiences are 

only one side of the mnemonic coin. The other side of the coin—the complement to positive 

change—is negative change in the representation, change that results in forgetting. 

Forgetting has been recognized as a force in memory since the beginning of scientific study 

of the faculty. Famously, Ebbinghaus (1885) carefully tested and documented the course of 

forgetting of lists of nonsense syllables over time, revealing highly replicable retention (and 

forgetting) functions. Yet forgetting has been largely ignored in developmental theories. 

With notable exceptions (e.g., Brainerd, Reyna, Howe, & Kingma, 1990), most 

developmental scientists do not feature forgetting processes in theories of “what develops” 

in memory for specific events or experiences. That is, they do not attend to developmental 

changes in the rate at which memory traces are forgotten. The argument developed in this 

review (see also Bauer, 2015) is that focus on positive change alone fails to account for why 

the development of memory takes the forms that it does. The argument applies to episodic 

memory in general, and to autobiographical memory—memory for personally relevant past 

events—and explanation of the phenomenon of childhood amnesia, in particular. Briefly, to 

explain the shape of the distribution of episodic and autobiographical memories in childhood 

and beyond, we must consider that over the course of development, there are increases in the 
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quality of memory traces and there are decreases in the vulnerability of mnemonic traces to 

forgetting.

It is noteworthy that consideration of complementary processes in shaping the course of 

development is not unique to memory. An excellent example of consideration of 

complementary processes is in brain development. Throughout prenatal and early postnatal 

development, there are increases in neurons, dendrites and axons, synapses, myelin, glial, 

and other “positive” events that form the brain (e.g., Gilmore, Shi, Woolson, Knickmeyer, 

Short, Lin, Zhu, et al., 2011; Seress & Ábrahám, 2008). Equally importantly, there are 

“regressive” events as well. The best-known example is the number of synapses: the adult 

complement of synapses is reached only after an initial period of over-production, followed 

by pruning (Huttenlocher, 1979; Huttenlocher & Dabholkar, 1997). In part as a result, 

cortical thickness first increases and then decreases, reaching adult levels only in 

adolescence (Gogtay, Giedd, Lusk, Hayashi, Greenstein, Vaituzis, Thompson, et al., 2004). 

The fact that regressive events take place at different times in different structures and 

regions of the brain is recognized as an important part of the story of why cognitive 

processes develop as they do (e.g., Østby, Tamnes, Fjell, & Walhovd, 2011; Gogtay et al., 

2004). It is further recognized that focus on one or the other of these trends—either positive 

events or regressive events—and ignoring the other, results in an incomplete understanding 

of the factors and forces that shape brain development.

Why accounts for the relative lack of attention to the “regressive” event of forgotting as a 

source of developmental change in episodic and autobiographical memory? The blunt 

answer is that, historically, there was no role for forgetting because very little was deemed to 

be remembered and thus available to be forgotten. By analogy to brain development, there 

was no overproduction and thus no need to consider pruning. This argument applied to the 

capacity to remember specific events and experiences—so-called episodic memory—in 

infancy and to the capacity to remember personally relevant or significant events (i.e., 

autobiographical events) and experiences in the preschool and early school years. In infancy, 

based largely on Piagetian theory (e.g., 1962), mental life was considered to be confined to 

the “here and now” world of present objects and ongoing events. It was not until the middle 

to end of the second year of life that infants were thought to have developed the symbolic 

capacity to recall objects, events, or other entities in their absence. Without the capacity for 

recall, no memories of episodes, events, or experiences were formed or retained and thus 

there was no need to postulate a role for forgetting.

Beyond infancy, the capacity to remember specific past events and experiences was 

recognized but the ability to form autobiographical or personal memories was thought to be 

a later developmental achievement. Autobiographical memory differs from “run of the mill” 

episodic memory (memory for what, where, and when: Tulving, 1985) in the extent to which 

the memories are personally relevant or significant, and to which individuals take a personal, 

subjective, or evaluative perspective on the events (e.g., Fivush, 2012; Fivush & Zaman, 

2014). Traditional developmental perspectives suggest that for the first 5 to 7 years of life, 

the capacity to create this particular type of episodic memory is either lacking or 

substantially underdeveloped. In some cases, the missing ingredient is posited to be a 

general cognitive deficit; in other cases, it is something more specific (discussed in detail 
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below). Regardless of the nature of the deficit, the explanation is the same: to the extent that 

memories of specific events are formed early in life, they lack features of later-developing 

autobiographical memories. This perspective provides a ready account for infantile or 

childhood amnesia (Freud, 1905/1953)—the relative paucity of autobiographical memories 

for the first 3 to 4 years of life, with a gradually increasing number of such memories over 

the first decade (see Bauer, 2008, 2014). The explanation is that adults recall few (to no) 

autobiographical memories from this period because during the period, no such memories 

were formed. As was the case for episodic memory in infancy, there is no role for forgetting 

because there are no personal or autobiographical memories to be forgotten.

The major premise of this review is that episodic memories are evident even in infancy, and 

that autobiographical memories are evident even in the period eventually obscured by 

childhood amnesia. To explain developmental changes in the memory function and why the 

distribution of autobiographical memories looks the way that it does, we must focus on 

factors that improve the quality of memory representations, to be sure, yet we also must 

focus on developmental changes that affect the vulnerability of memory traces to forgetting. 

In the balance of this review, I focus primarily on forgetting. I do so because, as already 

noted, forgetting has been relatively neglected in the developmental literature, yet as 

discussed in sections to follow, there are strong reasons to believe that it is a major source of 

age-related variance in episodic and autobiographical memory function. Before turning to 

forgetting, I provide a brief review of evidence of remembering.

Memory in Infancy and Early Childhood

As implied above, consideration of forgetting is necessary only if there is something to be 

forgotten. If no memories are formed, there is no need to explain why they are not apparent. 

Evidence that even infants form and retain episodic memories, and that preschool and early 

school age children form and retain autobiographical memories, has been reviewed in detail 

elsewhere (e.g., Bauer, 2007, 2013, 2014, 2015; Lukowski & Bauer, 2014). For this reason, 

I provide a brief review here.

Memory for Specific Episodes in Infancy

The notion that infants were unable to recall specific past events and experiences came 

under empirical scrutiny with development of elicited and deferred imitation techniques. 

Deferred imitation was introduced into the literature by Piaget (1962). He reported on his 

daughter, Jacqueline’s, deferred imitation of a cousin’s temper tantrum. Piaget took 

Jacqueline’s re-enactment of the temporal tantrum after a delay as evidence of her ability to 

re-present the experience symbolically and thus of the capacity to recall the past. In the 

1980s, the task was brought under experimental control (e.g., Bauer & Mandler, 1989; 

Bauer & Shore, 1987; Meltzoff, 1985), and since has been used to examine a number of 

attributes of infants’ memories, including whether the memories are of unique events, and 

whether the basic attributes of episodic memories—what, where, and when (Tulving, 1985)

—are evident.

In imitation-based tasks, props are used to demonstrate individual actions or sequences of 

actions that infants then are permitted to imitate either immediately, after a delay, or both. 
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Based on their behavior in these tasks, it is clear that infants remember what, where, and 

when, elements regarded as defining of episodic memories. Memory for the “what” of 

events is apparent in the first year of life (e.g., Carver & Bauer, 1999, 2001), through 

infants’ reproduction of the actions they see modeled. By the second year of life, infants 

reliably recall the individual target actions of multi-step sequences even over delays (e.g., 

Bauer & Leventon, 2013; Bauer, Wenner, Dropik, & Wewerka, 2000). Infants also 

remember the specific features of the objects on which the actions were performed. That is, 

they reliably identify the objects they saw used to model sequences, even when the objects 

are presented among distracters of perceptually different but functionally similar props 

(Bauer & Dow, 1994; Lechuga, Marcos-Ruiz, & Bauer, 2001). Memory for the specific 

features of the props used to produce events is associated with higher levels of recall over a 

delay (Bauer & Lukowski, 2010). Infants also seemingly bind objects to specific events. 

Infants who witness a prop used in one sequence and then see the same prop used differently 

in another sequence exhibit impaired performance, relative to infants who see the prop used 

in only one sequence (Wiebe & Bauer, 2005). Infants also remember the “where” and 

“when” of events. They correctly identify the locations in which specific events took place, 

even over delays of 1 and 3 months (Lukowski, Lechuga, & Bauer, 2011). They also 

remember the “when” of events, as evidenced by reliable ordered recall of multi-step 

sequences (e.g., Bauer & Leventon, 2013; Bauer et al., 2000). Thus although infants cannot 

verify their episodic memories verbally, they reveal them in their behavior.

Memory for Autobiographical Experiences in Childhood

As noted above, autobiographical memory is distinguished from episodic memory by the 

personal, subjective, or evaluative perspective placed on the event and the memory thereof. 

Traditional developmental perspectives suggest that for the first 5 to 7 years of life, the 

capacity to create this particular type of episodic memory is either lacking or substantially 

underdeveloped.

Traditional accounts: Missing ingredients—One hypothesized reason for the late 

emergence of autobiographical memory is that it awaits development of a self-concept 

around which memories can be organized (e.g., see Howe, 2014, for a review). Other 

accounts suggest that it is not a lack of a physical self-concept that precludes early memories 

that are autobiographical, but rather, a subjective self who takes personal perspective on life 

events and evaluates them for their significance to the self (e.g., Fivush, 2012; Fivush & 

Zaman, 2014). Without these developments, there can be no auto in episodic memories and 

thus no autobiographical memory. Other conceptualizations suggest that for the first 5 to 7 

years of life, children lack autonoetic consciousness. The absence of this form of 

consciousness makes it impossible for them to recognize that the source of their mental 

experience is a representation of a past event (e.g., Perner & Ruffman, 1995). The lack of 

autonoetic consciousness also means that children cannot mentally travel in time to re-live 

past events and experiences, a feature thought to accompany both episodic and 

autobiographical retrieval (e.g., Suddendorf, Nielson, & van Gehlen, 2011; Tulving, 2005; 

Wheeler, 2000). Although each of these explanations implicates a different specific 

component ability, they have in common the perspective that young children’s memories are 

lacking in qualities that typify the autobiographical memories formed by older children and 
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adults. The general argument is that children begin to form, retain, and later retrieve 

memories that are autobiographical only once the conceptual ingredients that are missing 

from early memories become available.

An especially influential and well-articulated example of the perspective that the capacity 

for autobiographical memory is late to develop was provided by Nelson and Fivush (2004; 

see Figure 1 of the original publication, for a depiction). Nelson and Fivush (2004) 

suggested that it is not until 5 years of age that the many general cognitive and specific 

conceptual dimensions required for encoding, retention, and later retrieval of memories have 

reached a sufficient level of development to support autobiographical memory. Among the 

elements necessity for autobiographical memory, they note developments in self-concept, 

language and narrative, theory of mind, understanding of time and place, subjective sense of 

self, mental time travel, and autonoetic awareness, and others. In each case, the capacities 

undergo development from infancy through early childhood, eventually culminating in the 

capacity to form autobiographical memories. Until that time, children may have semantic 

and perhaps even episodic memories, but their memories are not autobiographical. This 

provides a ready account for childhood amnesia: memories formed in the first 5 to 7 years 

are not autobiographical, thus explaining the relative paucity among adults of 

autobiographical memories from this life period.

Consistent with the suggestion that early memories are not autobiographical is the 

observation that for much of early childhood, children frequently omit one or more of the 

elements that we associate with autobiographical memory, seemingly licensing the 

conclusion that they also are missing from the underlying memory representation, and thus, 

in turn, rendering them non-autobiographical. Specifically, a full autobiographical report 

features a number of elements, including not only what, where, and when, but also who was 

involved in the event, why the event unfolded as it did, and how the participants reacted to it 

in terms of their emotions, thoughts, or evaluations of the experience. The latter element is 

especially important to establishing the self-referential nature of autobiographical memories.

Evidence of early autobiographical competence—Although children’s narratives 

may be less than convincing of the autobiographical nature of the memories that give rise to 

them, a different perspective is gained by looking beyond children’s verbal reports. Using 

nonverbal imitation-based tasks described earlier, researchers have found evidence of 

memory for unique events even in the first year of life. Not only do infants recall what, 

where, and when, they also evidence behavior that indicates that they have some 

understanding of why events unfold as they do (e.g., Bauer, 1992). When they reproduce 

events, they exclude actions that are irrelevant to the outcome or goal of the event. And as 

they approach and enter the third year of life and gain the fluency to provide verbal 

descriptions of events experienced in imitation-based tasks, children spontaneously 

verbalize about who took part in the events (who) and they provide evaluative comments on 

the activities in which they engaged (subjective perspective; Bauer & Wewerka, 1997). 

These behaviors make clear that sometimes well before they provide linguistic evidence, 

children encode, retain, and later retrieve memory representations that feature each of the 

individual elements associated with autobiographical memory (see Bauer, 2007, 2015; 

Bauer & Leventon, 2013, for discussions).
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Beyond infancy, memory processes improve to the point that children remember unique 

experiences, even over substantial delays. Children also provide more frequent and 

consistent evidence that they remember the events from their own personal, self-referential 

perspective. For example, Hamond and Fivush (1991) found that children who experienced 

a trip to Disneyworld when they were 36 or 48 months of age remembered the event even 18 

months later. In Bauer and Larkina (2014b), children 3 years of age at the time of events 

remembered in excess of 60% of them over delays of as many as 3 years. In this same age 

period, children become increasingly accurate and reliable in determining which of two 

events occurred earlier and in justifying their choices (Pathman, Larkina, Burch, & Bauer, 

2013). They also gain command of the use of conventional indices of time, such as calendars 

(e.g., Friedman, Reese, & Dai, 2010) and seasons (Bauer, Burch, Scholin & Güler, 2007; 

Bauer & Larkina, 2014a), to locate when personally relevant event occurred. Children also 

become increasingly proficient at remembering the location in which they experienced 

specific past events (Bauer, Doydum, Pathman, Larkina, Güler, & Burch, 2012; Bauer, 

Stewart, White, & Larkina, in press). These changes mean that more events are stored with 

more, better elaborated, and more tightly integrated elements of autobiographical memories: 

unique events, with distinctive features, accurately located in time and place.

Children’s early memories also are self-referential. Between 18 and 24 months of age, 

children first begin to make reference to themselves in past events (Howe & Courage, 1993, 

for discussion). Throughout the preschool years, children develop a more self-oriented or 

subjective perspective on experience, as evidenced by increasingly frequent references to 

their own (and others’) emotional and cognitive states (see Fivush & Zaman, 2014). 

References to the emotional and cognitive states of the experiencer indicate the sense of 

personal ownership and unique perspective that is characteristic of autobiographical 

memories.

Summary—Children’s early verbal reports of past events frequently omit one or more of 

the elements that mark a memory as autobiographical. Yet this does not mean that the 

elements are missing from the underlying representation: absence of evidence does not 

constitute evidence of absence. Indeed, review of the corpus of studies with infant 

participants reveals evidence of memory for all of the features or elements characteristic of 

autobiographical memory: what, where, when, as well as why and how (i.e., evaluation; 

subjective perspective). Moreover, from virtually as early as they can talk, infants make 

reference to themselves in past events. Although no one instance of memory may feature all 

of the elements, they are apparent across memory “reports.” As infants become children, 

more and more representations feature all of the elements associated with autobiographical 

memory. As discussed elsewhere (Bauer, 2007, 2012, 2014, 2015), the net effect is that 

more and more memories are recognized as autobiographical.

The Role of Forgetting in the Development of Memory

The literature just reviewed makes clear that infants remember specific episodes and that 

children form autobiographical or personal memories. Throughout infancy and childhood, 

there are age-related changes in memory, such that both episodic and autobiographical 

memory become more robust, reliable, and more fully elaborated (see Bauer, 2007, 2013, 
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2015, for reviews). It is tempting to explain the changes in terms of positive developmental 

events associated with the strengthening of memory traces such as those implicated in 

traditional accounts of the development of autobiographical memory (e.g., self concept). Yet 

just as in brain development, positive events alone cannot explain the course of 

development. This is especially apparent in the case of autobiographical memory—if self-

referential memories of past events are present from early in life and just get stronger and 

stronger with development, what explains childhood amensia? Clearly, “regressive” events 

also must come into play. In the case of memory, the regressive event is forgetting. In this 

section, I outline the conceptual argument for including forgetting among the ingredients in 

the explanation of the development of memory. I then provide empirical evidence of the role 

of forgetting in shaping the development of memory.

Why Forgetting is a Candidate Source of Age-related Variance

The motivation to focus on forgetting as a candidate source of age-related variance in 

episodic and autobiographical memory is two fold. First, memories are non-trivial to form 

and retain. They begin their lives as distributed representations created by fleeting 

experiences. Preservation of them over the long term requires substantial processing 

involving an integrated network of structures. Second, the neural structures and network that 

are responsible for the transformation of experience into enduring memory representations 

undergo a protracted course of development. Early in life, when the structures and networks 

are less well developed, the processes that they subserve may be expected to operate less 

efficiently and thus less effectively. As a consequence, information that otherwise would be 

retained is lost from the memory trace, leaving the traces more vulnerable to forgetting. The 

net effect is that youth is a risk factor for memory. Moreover, the younger the child, the 

greater the risk that memory traces will be lost to forgetting. Before describing the course of 

development of the neural substrate responsible for memory, I provide a brief review of the 

processes involved in memory trace construction, storage, and retrieval. Consideration of the 

processes and the number of “moving parts” involved—any of which is subject to fail—

helps to make clear why focus on the developmental status of the neural substrate is 

important to explanation of the course of develoment of memory across childhood.

Memory processes—As described in Bauer (2015), a common metaphor for memory is a 

file cabinet stuffed full of file folders. Each folder contains the record of a past event. To 

recall any given event or experience, one finds the right folder, takes it out of the cabinet, 

opens it, and reads off what happened in the course of the event. Yet memory is nothing like 

a file cabinet and there are no file folders with records of experience. Rather, memory 

representations are made up of individual elements of experience that are encoded in 

synaptic connections between individual neurons in various regions of the cortex. Though 

we experience events as integrated wholes, at the neural level, they are widely distributed 

patterns of activity representing the different aspects of the experience, such as the sights, 

sounds, and movement. To live on as “memories,” the patterns of activity must be stabilized 

and integrated, processes carried out by a multi-component neural network that includes 

structures in the neocortex and the medial-temporal lobe. Later retrieval of a representation 

involves re-creation of the pattern of neural activity that gave rise to the experience in the 

first place (for reviews, see Eichenbaum & Cohen, 2001; Kandel & Squire, 2000; Manns & 
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Eichenbaum, 2006; Rubin, 2005, 2006; Winocur & Moscovitch, 2011; Zola & Squire, 

2000). Critically, each of these steps is a source of vulnerability, even in adulthood.

They carry even greater risk in childhood. The first step in creation of a memory is 

encoding. The process of encoding begins with registration of different aspects of 

experience in different cortical areas. For example, cell fields in primary visual cortex 

register form, color, and motion; cell fields in primary auditory cortex register attributes of 

sounds; and cell fields in primary somatosensory cortex register tactile information. The 

inputs from these primary sensory cortices are further processed in unimodal sensory 

association areas where they are integrated into whole percepts of what the object or event 

looks like, sounds like, and feels like, respectively. Unimodal association areas in turn send 

(project) the information to polymodal or multimodal posterior-parietal, anterior-prefrontal, 

and limbic-temporal association areas. The coordinated activity of these cortical areas gives 

rise to experience of a coherent event.

For fleeting experience to endure as a lasting memory, the distributed trace must undergo a 

process of stabilization and the trace must be integrated into long-term storage. This process 

of consolidation entails neurochemical and neuroanatomical changes that create a physical 

record of the experience (McGaugh, 2000). It depends on the coordinated actions of medial-

temporal lobe structures and cortical association areas. Specifically, inputs from cortical 

association areas are projected to perirhinal and parahippocampal structures in the medial-

temporal lobes. These cortices are thought to serve as an “intermediate-term memory” on 

which the hippocampus proper operates. It is in the hippocampus proper that all of the 

different components of the event are bound into a single representation (Manns & 

Eichenbaum, 2006). The “binding” takes place as a result of iterative processing of the 

conjunctions and relations among the stimuli that gave rise to the event. That is, the pattern 

is regularly “refreshed” by additional neural signaling among the hippocampus, the 

surrounding medial-temporal cortices, and the association areas. The iterative processing 

also maintains and strengthens the linkages between the distributed cortical representations 

that make up the entire event. At the same time, it supports integration of the new 

information with that previously stored (e.g., McKenzie & Eichenbaum, 2011), based on 

overlapping or shared elements. The result is an entire pattern of interconnection of new 

information with old. Critically, the process of consolidation takes time—on the order of 

days to weeks to months (e.g., Wixted, 2004). Until traces are well consolidated, they are 

vulnerable to disruption and interference and thus forgetting.

Finally, when a memory is retrieved, the pattern of neural activity that represents the event is 

reactivated. Thus retrieval of information from long-term stores is accomplished by the same 

circuits as were involved in initial registration of the experience, including the hippocampus 

and surrounding cortices, amygdala (for emotional events), visual and other cortices, and 

lateral and medial prefrontal cortex (see Gilboa, 2004; Rubin, 2005, 2006, for reviews; see 

Maguire, 2001; Svoboda, McKinnon, & Levine, 2006, for meta-analyses). Neuroimaging 

studies reveal that during the initial phases of memory search and access the more anterior, 

frontal-temporal components of this network are especially active, whereas in the later 

phases of retrieval—as the trace is elaborated—the more posterior, occipital and parietal 

regions are especially active (e.g., Daselaar, Rice, Greenberg, Cabeza, LaBar, & Rubin, 
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2008; McCormick, St-Laurent, Ty, Valiante, & McAndrews, 2013; St. Jacques, Kragel, & 

Rubin, 2011).

Neural structures and networks undergo protracted development—Efficient and 

effective stabilization and integration of widely distributed representations of experience 

into long-term memories requires a “well oiled” machine, involving numerous neural 

structures that are integrated into functional networks. Yet the “machine” undergoes a 

protracted course of development, and it is logical to assume that while it is developing, 

neural processing is relatively inefficient and ineffective, resulting in loss of information 

from memory (i.e., forgetting; Bauer, 2015). There are a number of reviews of the protracted 

course of development of the neural structures and network involved in memory trace 

formation, consolidation and storage, and retrieval (e.g., Bauer, 2009, 2013; Ghetti & Lee, 

2014; Nelson, de Haan, & Thomas, 2006). For this reason, I review it only briefly here.

As noted above, registration of experience, consolidation and storage of memory traces, and 

their subsequent retrieval, all depend on cortical regions. Over the course of development, 

there are substantive changes in cortical structures. As noted earlier, cortical thickness first 

increases and then decreases to adult levels. The inverted-U shaped function extends well 

into adolescence (Gogtay et al., 2004). Moreover, the process is apparent across all of the 

major regions of the cortex (frontal, temporal, parietal, and occipital), though the specific 

timing differs by region.

The medial-temporal structures that are involved in consolidation and storage of memory 

traces as well as their retrieval also undergo a protracted course of development. Within the 

dentate gyrus of the hippocampus, which is the “route in” to the cell fields of the 

hippocampus, the number of synapses increases to peak levels in the second year of life and 

reaches adult levels at 4 to 5 years of age (Seress & Ábrahám, 2008). The hippocampus 

itself does not exhibit the same dramatic and extended increase and decrease as the cortical 

regions. However, there is evidence that the distribution of volume changes over 

development, such that anterior regions lose thickness and posterior regions of the 

hippocampus gain thickness. The processes continue well into adolescence (Gogtay, Nugent, 

Herman, Ordonez, Greenstein, & Hayashi, 2006).

There also are dramatic changes in connectivity within and between neural structures over 

development. There are pronounced changes in myelination both within the medial-temporal 

lobes, and in the hippocampus in particular (Ábrahám, Vincze, Jewgenow, Veszprémi, 

Kravják, Gömöri, et al., 2010; Benes, Turtle, Khan, & Farol, 1994), as well as between 

prefrontal and medial-temporal structures (see Ghetti & Lee, 2014, for a review). Unlike 

cortical thickness, which exhibits inverted-U shaped function, network connectivity 

increases linearly with age (Østby, Tamnes, Fjell, Westlye, Due-Tønnessen, Walhovd, 2009; 

Schneider, Il’yasov, Hennig, & Martin, 2004). The changes continue well into the second 

decaded of life. These wide-spread and protracted changes can be expected to have 

important consequences for memory function.
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Forgetting in Memory for Specific Past Events: Infancy and Early 

Childhood

In this section, I focus on three logical consequences of the nature of memory 

representations and of the developmental status of the neural substrate responsible for them. 

First, as just noted, because the neural structures and networks responsible for memory 

undergo a protracted course of development that extends into the second decade of life, we 

would expect greater vulnerability of memory in younger relative to older children, resulting 

in age-related differences in how long memories are retained. Second, because memory 

traces must be stabilized and integrated into long-term storage—and the facts that 

consolidation processes take time and that traces are vulnerable throughout the period of 

consolidation—we would expect to see age-related differences in retention even with age-

related variability in encoding controlled. That is, information should be differentially lost 

from memory, even as it is being stabilized and integrated with long-term stores. Third, the 

amount of information lost in the course of stabilization and integration should explain 

unique variance in long-term recall. In essence, the more information that succumbs to 

decay and interference, the less that will remain available for storage and thus retrieval. I 

evaluate these expectations using examples from the literature on episodic memory in 

infancy. In the section to follow, I explore the implications of forgetting for autobiographical 

memory and its development, and the phenomenon of childhood amnesia.

The Vulnerability of Memory as a Function of Age

Perhaps the most dramatic age-related changes in memory function in infancy is in the 

length of time over which memories are retained. The changes indicate decreases in the 

vulnerability of memory traces with age. Based on performance on imitation-based tasks, 

described earlier, the length of time over which infants retain memories of specific past 

events increases over the first two years of life. As suggested by inspection of Figure 1, in 

the first year, retention is limited to hours and days, whereas by the end of the second year 

of life, infants remember novel experiences over delays of 12 months or more (Bauer et al., 

2000; see Bauer, 2009, 2013, and Lukowski & Bauer, 2014, for summaries). These data lend 

themselves to interpretation in terms of differential forgetting: there is greater vulnerability 

of memory in younger relative to older infants, resulting in age-related differences in how 

long memories are retained.

Age-related Differences even with Encoding Controlled

The data in Figure 1 are consistent with interpretation in terms of differential vulnerability 

of memory traces as a function of age. They also are consistent with an alternative 

explanation in terms of encoding. Specifically, it may be that older infants appear to 

remember over longer delays because they created higher quality memory representations in 

the first place. Though certainly a logical alternative, explanation in terms of differential 

encoding cannot account for age-related differences in retention when encoding-related 

vulnerability is controlled. To test this possibility, in a series of studies in my laboratory, we 

have controlled encoding statistically (Bauer, Van Abbema, & de Haan, 1999), and by 

bringing infants to a criterion level of learning (Bauer, Güler, Starr, & Pathman, 2011; see 
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also Howe & Courage, 1997). We also have controlled encoding-related variability through 

matching of initial performance. Even with these controls, older infants exhibit less 

forgetting over time, relative to younger infants.

To illustrate the phenomenon, I use data from Bauer et al. (2000), in which elicited imitation 

was used to test recall of infants 13, 16, and 20 months of age both immediately and over 

delays of 1 to 12 months (with different infants tested at delays of 1, 3, 6, 9, and 12 months). 

Prior to imposition of the delay, the infants were exposed to novel multi-step event 

sequences. As a measure of encoding, we tested immediate imitation of some of the 

sequences. From the larger sample of 16- and 20-month-olds who had been assigned to 

delay intervals of 1, 3, and 6 months, Bauer (2005) created matched subsamples, such that 

16- and 20-month-olds in the subsamples exhibited identical levels of performance prior to 

the delay, thus controlling encoding-related variability. When tested after 1 month, the age 

groups exhibited comparable levels of forgetting. However, after 3 months and 6 months, 

the younger infants exhibited more forgetting, relative to the older infants. The patterns 

cannot be explained by differential retrieval success, as older infants also exhibited greater 

relearning of the sequences, relative to the younger infants. Thus even with encoding 

controlled, younger infants forget more rapidly than older infants (see Bauer, 2005, for 

additional data on 13- and 16-month-olds).

Forgetting Explains Unique Variance in Long-term Recall

Differential retention is necessary for an explanation of developmental differences in long-

term recall in terms of forgetting processes, but it is not sufficient. For forgetting to play a 

major role in explanation of patterns of long-term recall, it must explain unique variance in 

the outcome. We have found that it does, not only in infancy, but into the preschool years as 

well.

In Pathman and Bauer (2013), we exposed infants to a number of multi-step event sequences 

in an imitation-based task. We then used subsets of the events to “probe” the integrity of the 

memory traces of the events at four different delay intervals: 0 delay, as a test of encoding, 

and then after 15 minutes, 48 hours, and 2 weeks. We then tested long-term recall after 6 

weeks. As expected, we observed forgetting over the course of the delay. We also observed 

that each of the “probes” accounted for variance in long-term recall. Importantly, only the 

15-minute and 48-hour probes explained unique variance; encoding-related variability did 

not explain unique variance. Thus measures of the amount of forgetting during the period of 

consolidation and storage (after 15 minutes and 48 hours) explained unique variance in 

retrieval after a long delay (6 weeks; see also Bauer et al., 1999; and Bauer et al., 2011). A 

similar pattern of findings was apparent in Bauer, Larkina, and Doydum (2012) among 3- 

and 4-year-old children. In the preschool study, a measure of performance 1 week after 

encoding explained unique variance in recall after 5 weeks, whereas encoding-related 

variability did not. Work by Brainerd, Howe, and colleagues indicates that forgetting 

accounts for significant variance in recall throughout childhood (e.g., Brainerd et al., 1990; 

Howe & O’Sullivan, 1997).
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Summary

The literature just reviewed makes clear that in the domain of episodic memory, forgetting is 

critical for understanding remembering. In the first two years of life, there are pronounced 

age-related differences in the rate at which information is lost from memory. The rate of 

forgetting is accelerated in younger relative to older infants. The differences cannot be 

explained by differential encoding. Moreover, the amount of information lost from memory 

within minutes to days after experience of events accounts for significant variance in long-

term recall. Similar findings are obtained in the preschool years, and beyond. In the next 

section, I take the study of forgetting into the domain of autobiographical or personal 

memory. As will become apparent, forgetting helps to explain the shape of the distribution 

of autobiographical memories across the lifespan, including the phenomenon of childhood 

amnesia.

Forgetting in Autobiographical Memory: Childhood Amnesia

As argued in Bauer (2015), forgetting processes, and age-related changes in the vulnerability 

of memory traces to forgetting, have implications for one of the most robust phenomena in 

the memory literature, namely, childhood amnesia. After describing the phenomenon in 

adults and children, I provide data on the role of forgetting in explaining the phenomenon.

Childhood Amnesia: Adults

Late in the 19th century, Miles (1893) conducted a survey of adults’ childhood experiences. 

Among other things, the survey inquired as to the earliest event the respondents could 

remember, and how old they were at the time. This and subsequent similar surveys (e.g., 

Dudycha & Dudycha, 1933a, 1933b; Henri & Henri, 1895, 1896, 1898; Kihlstrom & 

Harackiewicz, 1982) have produced one of the most consistent and robust findings in the 

psychological literature. As illustrated in Table 1, Panel a, the average age of earliest 

memory for a specific past event among adults in Western cultures is age 3 to 4 years (see, 

for example, Wang, 2006, 2014, for discussions of cross-cultural differences in average age 

of earliest memory). Moreover, the average age of earliest memory is consistent whether the 

source of data is a survey, free recall (e.g., Bauer, Tasdemir-Ozdes, & Larkina, 2014; 

Waldfogel, 1948; Weigle & Bauer, 2000; West & Bauer, 1999), or response to a cue word 

prompt (e.g., Bauer & Larkina, 2014a; Rubin & Schulkind, 1997; though see Wang, 

Conway, & Hou, 2004, for evidence that repeated probes can produce earlier estimates).

The average age of earliest memory also is robust to age-cohort effects. That is, the same 

general pattern is obtained from individuals 60 to 70 years of age at the time the memories 

are elicited and 20 years of age at the time the memories are prompted (Rubin & Schulkind, 

1997; see, Rubin, 2000, for review). The similarity is observed even though for younger 

adults, many fewer years have passed since childhood. The same average age of earliest 

memory is found even when respondents are asked to remember a specific event the date of 

which is clearly known, such as the birth of a younger sibling, or a hospitalization, for 

example (e.g., Sheingold & Tenney, 1982 Usher & Neisser, 1993). Thus seemingly 

regardless of age at inquiry or method of inquiry, prior to age 3 to 4 years, most adults have 

few if any memories of specific past events from their own lives.
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Another characteristic feature of the “amnesia” that adults experience for early life events is 

that between the ages of 5 and 7 years, adults have a smaller number of autobiographical 

memories than would be expected based on forgetting alone. It is only from later in the first 

decade of life that most adults are able to recall a significant number of past events that are 

spatially and temporally localized, and which have some degree of personal relevance or 

significance. Although this “peculiar amnesia of childhood” (Freud, 1920/1935) is 

considered an adult phenomenon, as discussed below, there is a small but increasing body of 

evidence that by the end of the first decade of life, children also begin to experience it.

Though there are numerous studies of adults’ earliest memories, there are relatively fewer 

that are relevant to the shape of the distribution of memories across the lifespan. Indeed, the 

primary data on which is based the claim that before age 7 years, adults have a smaller 

number of autobiographical memories than would be expected based on forgetting alone, are 

derived from Rubin (1982); the shape of the distribution was empirically tested by Wetzler 

and Sweeney (1986). Rubin (1982) asked young adults to think of past events related to each 

of over 100 cue words (e.g., dog, table, book). He also asked them to estimate their age at 

the time of the event. To the data, Wetzler and Sweeney fitted a power function that in many 

investigations (e.g., Crovitz & Schiffman, 1974; Rubin & Wenzel, 1996; Rubin, Wetzler, & 

Nebes, 1986) has been shown to capture the distribution of memories across the lifespan. 

Wetzler and Sweeney found that the power function was a poor fit to data from birth to age 

6 years, implying accelerated forgetting of memories from ages 6 and below. Memories 

from age 7 years were excluded from the analysis because age 7 years was considered the 

“inflection point” for childhood amnesia: after age 7 years, the rate of forgetting is assumed 

to be adult-like. Consistent with this suggestion, Wetzler and Sweeney found that the power 

function was a good fit to data from age 8 to adulthood (see Bauer, 2007, 2008, 2012, for 

additional discussions).

Childhood Amnesia: Children

As just described, childhood amnesia was first identified in adults. Moreover, for over 100 

years, the data documenting the amnesia came exclusively from adults. That is, there were 

no data on the age of earliest memory or the distribution of early autobiographical memories 

in children. Beginning in the 21st century, data from children began to appear. As reflected 

in Table 1, Panel b, the data indicate that childhood amnesia is apparent in children as young 

as 6 to 9 years of age (Peterson, Grant, & Boland, 2005). Indeed, the data on the age of 

earliest memory among children are surprisingly similar to those among adults.

Accelerated Loss from Memory

The data on childhood amnesia in children present a paradox: why is it that children—who 

begin forming memories of specific past events even in infancy—themselves suffer from 

childhood amnesia? The explanation developed here (see also Bauer, 2015), is that early in 

life, the rate of forgetting is accelerated relative to later in life. As a result, though memories 

are formed, they are disproportionally forgotten, resulting in the phenomenon of childhood 

amnesia. Test of this hypothesis requires documenting memories created in the period 

eventually obscured by childhood amnesia and then prospectively tracking them across the 

boundary of the amnesia, to determine whether they are still remembered. Few studies fit 
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this bill because most are retrospective in nature. That is, they are probes of what is retained 

from childhood, not what is lost. The few studies that focus on what is lost are discussed 

next; they reveal the emergence of childhood amnesia in childhood.

Emergence of childhood amnesia—One of the first prospective investigations of 

children’s memories from early childhood was conducted by Fivush and Schwarzmueller 

(1998). When children were 8 years of age, they were asked to recall events they had 

experienced at each of the ages of 3½ and 4 years and 5 and 6 years. The number of events 

that the 8-year-olds remembered decreased from 92% from the ages of 5 and 6 years to 77% 

from the ages of 3½ and 4 years. A similar trend was reported by Cleveland and Reese 

(2008), though the levels of memory were lower than those observed by Fivush and 

Schwarzmueller. Specifically, when children were 66 months of age (5½ years), they were 

asked to recall events that they had experienced at each of the ages of 19, 25, 32, 40, and 65 

months. The number of events that the 5½-year-olds remembered decreased steadily as the 

retention interval increased from 1, 26, 34, 41, to 47 months in the past. The children 

recalled roughly 80% of events they had experienced 1 month in the past but fewer than 

40% of events experienced 47 months in the past (at the age of 19 months). Both of these 

studies provide evidence that as time goes by, more and more events are lost from memory. 

Yet in both studies, events with the longest delays also had the earliest ages of encoding 

(i.e., 19 months in Cleveland & Reese, 2008). Thus it is not possible to determine whether 

forgetting was a result of the age of the children at the time of experience of the events or 

the length of the delay. Also, only Fivush and Schwarzmueller (1998) documented the fates 

of memories over the boundary of childhood amnesia (i.e., beyond age 7 years).

In Van Abbema and Bauer (2005) and Bauer and Larkina (2014b), we varied the retention 

interval, but held the age at encoding constant, thereby allowing for examination of fates of 

early memories over time. Specifically, when children were 3 years of age, we recorded 

conversations between children and their mothers as they discussed a number of events from 

the recent past. Based on their contributions to the conversations, the children clearly 

remembered the events. Thus we had documentation of memories from the age period 

corresponding to that from which adults report their earliest memories. We then tested 

different subgroups of the children again roughly 2, 3, 4, 5, or 6 years later, at the ages of 5, 

6, 7, 8, or 9 years of age—ages at which, based on adult data, we would expect to see 

evidence of childhood amnesia. The later interviews were conducted by experimenters 

(rather than the children’s mothers). The data indicate a role for forgetting in explanation of 

the onset of the amnesia. Whereas the children 5 to 7 years of age remembered more than 

60% of the events from age 3 years, the 8- and 9-year-olds remembered fewer than 40% of 

the events. Moreover, whereas a maximum of 6% of children ages 5, 6, and 7 years recalled 

none of the events from age 3 years, 37% of 8-year-olds and 25% of 9-year-olds recalled 

none of the early-life events.

There also is evidence that younger children forget more rapidly than older children. In 

Morris, Baker-Ward, and Bauer (2010), we examined recall of recent events by children 

ages 4, 6, and 8 years. One year later, when the children were 5, 7, and 9 years of age, we 

tested their recall of the events from 1 year in the past. The children who had been the oldest 

at the time of the events remembered 90% of them 1 year later (at 8 and 9 years of age, 
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respectively). In contrast, the children who had been the youngest at the time of the events 

remembered only approximately 70% of them 1 year later (at 4 and 5 years of age, 

respectively). This pattern is strong evidence that within the period eventually obscured by 

childhood amnesia, the rate of forgetting is more accelerated among younger relative to 

older children.

Research by Peterson and colleagues (Peterson, Warren, & Short, 2011) provides additional 

evidence of the emergence of childhood amnesia in childhood. They interviewed children 4 

to 13 year of age about their “earliest memory”; they interviewed the same children again 2 

years later. Over the 2 years between interviews, the average age of earliest memory in the 

sample increased from 32.0 months to 39.6 months. Moreover, at the second interview, 

many of the children nominated a different “earliest” memory. Indeed, among the children 4 

to 5 years at the time of the initial interview, fewer than 10% nominated the same event at 

both interviews. Children 12 to 13 years of age at the first interview were more consistent, 

yet still reported the same event only roughly 40% of the time. These patterns stand in sharp 

contrast to those we have observed in research with adults. Specifically, over the same 

delay, the age of earliest memory reported by adults does not change, and more than 80% of 

them nominate the same event as their “earliest” memory (Bauer et al., 2014). The pattern 

among children is suggestive of a “moving target” of earliest memory. In contrast, the 

corpus of adults is seemingly more stable.

The power function—The likely explanation for the greater stability of the corpus of 

early memories among adults (Bauer et al., 2014), relative to children (Peterson et al., 2011), 

is that among adults, the rate at which memories are forgotten slows over time. As described 

earlier, the results of retrospective studies in which adults are asked to provide memories in 

response to cue words (dog, table, book) indicate that the distribution of memories from 

ages 8 onward is well characterized by the power function (Crovitz & Schiffman, 1974; 

Rubin, 1982; Rubin et al., 1986). As discussed by Rubin and Wenzel (1996), the power 

function (e.g., Wickelgren, 1974, 1975) implies that equal ratios of time (t1/t2 = t3/t4) will 

result in equal ratios of recall (recall1/recall2 = recall3/recall4). The result is that as time goes 

by, the rate of forgetting slows down, presumably as a result of memory trace consolidation 

(see, for example, Wixted, 2004, for discussion).

The exponential function—The power function provides a good fit to adults’ data from 

ages 8 onward, but it does not provide a good fit to the distribution of autobiographical 

memories generated by children ages 7 to 11. Instead, as reported in Bauer et al. (2007) and 

Bauer and Larkina (2014a), the exponential—rather than the power—function provides a 

better fit to data from children. Rather than a reduction in the rate of forgetting over time, 

the exponential function implies an accelerated rate of forgetting that remains constant over 

time. In the first study to suggest accelerated forgetting (Bauer et al., 2007), we used the cue 

word technique to examine the distribution of autobiographical memories in children 7 to 10 

years of age. The children successfully generated memories in response to the cue words and 

based on parental report, accurately dated them. Relative to the power function, the 

exponential function provided a better fit to the distribution of memories produced by the 

children (see Table 2).
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The same pattern was obtained in an independent study by Bauer and Larkina (2014a), in 

which we included not only children but adults as well, thus affording a within-study 

comparison of the distributions of memories. We tested 20 children at each of the ages of 7, 

8, 9, 10, and 11 years (100 children total), as well as two groups of adults: college students 

and middle-aged adults. As reflected in Table 2, the data from the children provided a 

replication of the results of Bauer et al. (2007). For the entire sample of children and for 

each group of children (7-, 8-, 9-, 10-, and 11-year-olds) separately, the best fitting function 

to the distribution was the exponential. In contrast, for both the college students and middle-

aged adults, the power function provided a superior fit to the distributions of memories. 

These data clearly suggest that as old as age 11 years, the distribution of children’s 

autobiographical memories is not adult-like. In contrast to adults, children experience 

exponential forgetting.

The exponential function has important implications for the expected distribution of 

memories over the lifespan. Specifically, it implies a constant half-life such that over each 

unit of time (e.g., a month) the number of memories in the corpus decreases by one-half. For 

example, if Time 1 recall was of 100 memories, then recall at Times 2, 3, and 4 would be of 

50, 25, and 12.5 memories, respectively (Figure 2, dappled bars). Figure 2 makes clear the 

contrast between a distribution of memories characterized by the exponential function and a 

distribution characterized by the power function. The distributions differ both in terms of the 

initial rate of forgetting, and in terms of the number of memories lost from the corpus with 

each unit of time. For both adults and children, many events are lost from memory virtually 

immediately after experience of them. Importantly, for adults, the rate of forgetting slows 

over time, with individual memories becoming less vulnerable to disruption and 

interference, resulting in a relatively stable corpus (e.g., Wixted, 2004, for discussion). 

Children experience a sharp initial decline in the number of memories in the corpus (T2). 

Unlike adults, the rate at which children forget does not slow down over time—it is 

exponential. As a consequence, the pool of memories available for recollection is ever-

shrinking, suggesting that memories do not consolidate (see Bauer, 2012, 2015; and Bauer et 

al., 2007; and Bauer & Larkina, 2014a, for discussions).

Another important implication of an exponential rate of forgetting is that memories that 

survive the initial ravages of time may nevertheless eventually succumb to forgetting. This 

helps to explain the observations of Bauer and Larkina (2014b), in which children has robust 

memory for past events as many as 3 years after experience of them, yet by the time 4 to 5 

years had passed, they were no longer as accessible. The phenomenon also helps to explain 

the findings of Peterson et al. (2011), in which it was observed that both the age of earliest 

memory and the specific event nominated as the “earliest” memory were unstable. The 

suggestion is that over the 2 years that intervened between interviews, early memories 

continued to be forgotten. As a result, the age of earliest memory had no place to go but up 

(to get older: from 32.0 to 39.6 months). With some early memories no longer accessible, 

the likelihood of sampling the same memory repeatedly over time decreases.
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New Perspective on Characteristic Distribution

Consideration of the central role of forgetting in shaping the corpus of early childhood 

memories results in a new perspective on the characteristic distribution of autobiographical 

memories across the life span. As depicted in Figure 3, Panel a, tradition views on changes 

in the corpus suggest a gradually increasing number of autobiographical memories across 

the first decade of life. From the first 3 to 4 years, there are few (if any) memories in the 

corpus. Between the ages of 3 or 4 to 5 or 7, the number of memories increases, but is 

smaller than the number that would be expected by chance. The adult distribution is 

achieved in the latter part of the first decade, after age 7 years. As noted earlier, this 

distribution had been tested empirically (Wetzler & Sweeney, 1986). It is the perspective on 

the distribution of autobiographical memories that informs traditional theories of childhood 

amnesia (e.g., Nelson & Fivush, 2004; Pillemer & White, 1989).

Recognition that autobiographical memories are formed beginning early in life, and of the 

powerful forces of forgetting to which those early memories are subjected, results in a 

dramatic change in perspective. As illustrated in Figure 3, Panel b, the suggestion advanced 

here and developed in Bauer (2015) is that, rather than gradually increasing over time, the 

corpus of autobiographical memories actually shrinks over time. That is, events that once 

were remembered fail to fully consolidate, and thus remain vulnerable to decay and 

interference, until eventually, many are forgotten. From this perspective, the resulting 

distribution does not depict a gradual increase, but rather, the residual number of memories 

left in the corpus, after forgetting. In other words, from this perspective, the tail of the 

distribution apparent on the right of the figure is not the start of remembering, but the 

number of memories left in the corpus after forgetting. Moreover, because the rate of 

forgetting does not slow down, the pool of memories is ever-shrinking, contributing to the 

appearance of a “childhood amnesia component” (Pillemer & White, 1989)—a smaller 

number of memories than expected by normal forgetting (i.e., with “normal” forgetting 

equated with an adult rate, characterized by the power function). We may think of the 

process as one that reduces “pools” of memories to isolated “puddles” of memories. The 

result is a sparser representation. An additional consequence is that the representational 

structures become more difficult to retrieve, because they are more isolated from one 

another.

As evidenced in Bauer and Larkina (2014a; see also Bauer et al., 2007), accelerated 

forgetting is the norm throughout the first decade of life. Yet even during this period, there 

is a gradual approximation of normal forgetting. That is, between 7 and 11 years of age, the 

rate of forgetting, represented by the b parameter of the power function (e.g., Wixted & 

Ebbesen, 1997), decreased from 2.21 to 1.62; there was a further decrease to 1.01 by the 

college years. Though direct evidence of structure-process-function relations is not yet 

available, it is reasonable to attribute the change in the rate of loss of information from 

memory to development of the neural substrate responsible for encoding, consolidation, and 

retrieval of memories (see above). Neural developments would herald inceases in the 

efficiency and thus the efficacy of mnemonic processes. That is, with more efficient 

processes, fewer elements of experience would be lost, both early in the transformation of 

experience into a memory trace, and as the trace is being incorporated into long-term 
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storage. Stronger, better integrated traces are more readily retrieved. The consequence of 

improvements in memory processes would be improved function, in this case, a reduction in 

the rate of forgetting. Over the course of development, the rate of forgetting gradually 

approximates that seen in adults.

Conclusions

The argument put forth in this review is that understanding of developmental changes in 

episodic and autobiographical memory requires consideration of both sides of the mnemonic 

coin: the complementary processes of improvements in the quality of memory representation 

and decreases in the vulnerability of those traces to forgetting (Bauer, 2015). Much of the 

developmental literature has focused only (or certainly, primarily) on improvements in 

memory with development. As a result of the attention, we have well documented evidence 

of increases in the fidelity with which events and experiences are encoded, in the precision 

with which the events in memory can be located in place and time, and in the robustness and 

degree of autonomy with which memory traces are retrieved, for example. Although these 

positive changes account for the waxing of the corpus of memories formed over the first 

decade of life, they fail to account for the waning of the corpus. A more complete 

understanding of the shape of the distribution of memories is achieved when we consider not 

only developmental changes that contribute to formation of memories that are of higher 

quality, but also developmental changes in the vulnerability of memories to the ravages of 

forgetting.

The primary focus of the present review has been on changes in forgetting. In the review, I 

documented age-related differences in the rate of forgetting, as evidenced by differences in 

the length of time over which infants maintain memories of specific past events (e.g., Bauer 

et al., 2000). The differences are apparent even when infants of different ages are well 

matched for their levels of initial encoding (Bauer, 2005), or when encoding-related 

variability is controlled statistically (Bauer et al., 1999), or by bringing all children to a 

criterion level of learning, thus eliminating encoding-related variability entirely (Bauer et 

al., 2011; Howe & Courage, 1997). The patterns strongly implicate age-related differences 

in the processes that take place after encoding, and which are responsible for the 

transformation of fleeting patterns of experience into enduring memory traces (a.k.a. 

consolidation). Critically, the amount of forgetting shortly after encoding explains 

significant unique variance in long-term recall both in infancy (e.g., Pathman & Bauer, 

2013) and in the preschool years (Bauer et al., 2012).

A role for forgetting in shaping the distribution of what is remembered also is apparent in 

the literature on autobiographical or personal memory, and the specific phenomenon of 

childhood amnesia. Adults have few if any memories from the first years of life, and for 

much of their childhoods, a smaller number of memories than would be expected by normal 

forgetting alone (with adult rates of forgetting characterized by the power function; see 

Bauer, 2014, for a review). Traditional developmental accounts of the phenomenon explain 

the apparent increase in the number of memories over developmental time in terms of 

improvements in the quality of memory traces. Yet missing from these explanations is a role 

for forgetting, the complement of remembering (Bauer, 2015). Forgetting is essential to 
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explanation of why events that once clearly were remembered later cannot be retrieved. 

Both retrospective (Bauer & Larkina, 2014a) and prospective (Morris et al., 2010) studies of 

autobiographical memory in childhood indicate that children forget more rapidly than adults, 

and that younger children forget more rapidly than older children (respectively). It is as rates 

of forgetting slow to adult levels that the adult distribution of autobiographical memories is 

achieved.

In the review, I also put forth an explanation for why youth is a risk factor for memory. The 

explanation is in terms of the processes that are necessary for the transformation of fleeting 

patterns of activation we call “experiences” into enduring memory representations. The 

transformation is demanding of neural structures and networks that undergo a protracted 

course of development. It is logical to assume that until they are fully developed, the 

structures and networks will operate with less than full efficiency and thus relatively 

ineffectively. The result is that memory traces are more vulnerable to forgetting. As the 

neural substrate develops, the rate of loss of information from memory approximates that 

seen in adults. The result is stabilization of the corpus of memories: memories that survived 

the “storm and stress” of their infancy and early childhood remain accessible to recollection. 

This helps to explain the stability of the corpus of earliest memories among adults (Bauer et 

al., 2014), and the absence of cohort effects even when comparing the age of earliest 

memory by 20-year-olds and 60- to 70-year-olds (Rubin & Schulkind, 1997).

When we entertain the argument that forgetting has a role to play in shaping the distribution 

of autobiographical memories over the first decade of life, we must take a new perspective 

on the traditional graph of that distribution. Rather than a depiction of a gradual increase in 

the number of memories over childhood (Figure 3, Panel a), the graph can be seen as 

representing the residual in the corpus of memories that remains after forgetting (Figure 3, 

Panel b). That is, when a 10-year-old looks back on her or his lifetime of memories, recent 

events are well represented—many memories are accessible to recollection. Yet when called 

upon to retrieve memories from earlier and earlier in life, fewer and fewer of the memories 

remain. The younger the child at the time of the experience, the more rapidly they were 

forgotten. This complementary processes account helps us to achieve a better understanding 

of the classic phenomenon of childhood amnesia as experienced by children as well as 

adults.
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Highlights

1. This review highlights the role of forgetting as an important variable in 

understanding the development of episodic and autobiographical memory.

2. Forgetting processes are implicated as a source of variability in long-term recall.

3. Forgetting processes are implicated due to the protracted course of development 

of the neural substrate for memory.

4. A complete account of how memory develops must consider changes in 

forgetting.

Bauer Page 27

Dev Rev. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Schematic depiction of the length of time over which infants retain memories of specific 

past events from ages 6 to 36 months. The retention interval that infants tolerate increases 

dramatically over the first two years of life.
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Figure 2. 
Schematic depiction of the number of memories in the corpus that survive over each 

hypothetical unit of time (T1–T5) in distributions characterized by the power function (dark 

bars) and the exponential function (dappled bars).
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Figure 3. 
Schematic depiction of the distribution of memories across the first decade of life from a 

traditional perspective, suggesting a gradually increasing number of memories with age 

(Panel a); and from the complementary processes perspective, suggesting a residual number 

of early memories remaining after forgetting (Panel b).
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Table 1

Average Age of Earliest Memory among Samples of Adults (Panel a) and Children (Panel b)

Study Age of earliest memory (years)

Panel a: Adults

Miles (1893) 3.04

Dudycha & Dudycha (1933) 3.58

Waldfogel (1948) 3.50

Kihlstrom & Harackiewicz (1982) 3.24

West & Bauer (1999) 3.33

Bauer & Larkina (2013) 3.59

Bauer, Tasdemir-Ozdes, & Larkina (2014) 3.24

Panel b: Children Age (years) Age of earliest memory (years)

Peterson et al. (2005) 6–9 3.00

Bauer et al. (2007) 7–10 3.67

Bauer & Larkina (2013) 7–11 3.67

Peterson et al. (2005) 10–13 3.67

Reese et al. (2010) 14 3.50

Peterson et al. (2005) 14–16 3.75

Peterson et al. (2005) 17–19 3.50

Note: Child data are from Bauer, Burch, Scholin, and Güler (2007); Bauer and Larkina (2014b); Peterson, Grant, & Boland (2005); and Reese, 
Jack, and White (2010).
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Table 2

Fit Indices for Exponential and Power Functions of the Distribution of Autobiographical Memories Elicited by 

Cue Words for Children 7 to 11 Years of Age and Adults

Age Group Fit by Function

Study Overall Individual age
groups

Exponential Power

Bauer et al. (2007) Children 7 to 10 years .98 .95

Bauer & Larkina (2013) Children 7 to 11 years .94 .82

7-year-olds .97 .94

8-year-olds .92 .87

9-year-olds .89 .84

10-year-olds .88 .82

11-year-olds .86 .72

Adults .65 .91

College students .61 .84

Middle-age Adults .70 .93

Note: For each age group, the best fit function is highlighted by a box. Data are from Bauer, Burch, Scholin, and Güler (2007); and Bauer and 
Larkina (2013).
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