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Abstract 

The aim of this thesis is to review the current knowledge on infant explicit memory development and 

to describe and compare the different experimental methods. The following three frequently used 

experimental paradigms are presented to study infant explicit memory: the visual paired-comparison 

task, the mobile conjugate paradigm, and the deferred imitation paradigm. These paradigms are 

assessed based on two criteria, the amnesia and the parameter filter. Based on consistent findings 

with these paradigms, four principles that influence the development of infant explicit memory have 

been identified and will be discussed: (i) long-term retention, (ii) speed of encoding, and (iii) 

contextual flexibility increase with increasing age and (iv) reactivation reminders become more 

effective with increasing age. Infantile amnesia is also discussed in relation to a better understanding 

of infant explicit memory development.  Although challenging, a predominant view is emerging that 

the explanation of this phenomenon lies within quantitative age-related memory developments and 

the acquisition of language rather than a qualitative shift of memory systems. A large body of 

research has been conducted on the continuing development of explicit memory into semantic and 

episodic memory. However, the field is plagued with a lack of nonverbal paradigms to study these 

subsystems separately and an inconsequent use of terminology. It can be concluded that infant 

explicit memory development remains a challenging and much debated subject. More progress can 

be obtained with the development of new nonverbal paradigms to monitor the continuing 

development of explicit memory to episodic and semantic memory from early infancy to childhood 

for a better understanding of the principles and development of infant explicit memory. 
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1. Introduction 

Understanding human memory and its neural bases has captured the imagination of scientists for 

more than a century since memory is essential for all activities. Without any form of memory, we 

would not be able to function (Neath & Surprenant, 2003). For instance, when riding a bicycle, we 

rely on memory to keep our balance, keep the pedals turning, and navigate our way. When reading, 

we rely on memory for word definitions, facts, and concepts. When talking with friends, we rely on 

memory to provide information about details of our lives. Memory research seeks to understand 

these and many other aspects of memory by studying the development of memory and comparing 

situations in which memory is successful to ones in which it fails. 

  About thirty years ago, theorists have made a major distinction between two types of long-

term memory: implicit (or non-declarative) and explicit (or declarative) memory (Cohen & Squire, 

1980; Schacter & Tulving, 1994). Although these dichotomies are not identical, they share the 

fundamental assumption that one memory system supports higher-order memory processes, and 

acquisition, retention, and retrieval of knowledge that can be consciously and intentionally 

recollected (i.e. explicit), while the other system supports lower forms of memory like habit 

formation, motor and cognitive skill learning, and priming (i.e. implicit). An overview of the different 

long-term memory subsystems is presented in Figure 1. 

  Explicit memory can be divided into semantic and episodic memory. Semantic memory is the 

conscious recall of world knowledge, i.e. facts and concepts. Episodic memory, in contrast, involves 

conscious awareness of personal past events. It is one’s autobiographical memory.  

 

 

 

 

 

 

 

 

  

 

Figure 1: Overview of subtypes of long-term memory (based on Gazzaniga et al., 2002) 
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  The distinctions of the different memory systems within this multiple memory system are 

primarily based on studies with normal and brain-damaged adults, as well as with nonhuman 

primates (Rose et al., 2004). Researchers compare situations in which memory is successful to 

situations in which memory fails. Strong support comes from findings with amnesic patients, who are 

severely impaired on conventional tests of learning and memory (e.g., recall, recognition), but who 

can nevertheless perform entirely normal on implicit tests of memory (e.g., priming, skill learning).  

In addition, developmental psychology studies add a growing body of research to memory 

research. Studying memory development across lifespan can provide new and interesting insights 

into the human memory system. Developmental studies are an important tool for understanding the 

organization of the cognitive and neural mechanisms underlying memory. Different fields of research 

can benefit from this kind of research. For example, developmental and child psychologists can 

benefit in better understanding developmental problems in mentally impaired children, such as 

children suffering from developmental amnesia. Animal memory research can also benefit, since 

some methods and test paradigms used with children may be suitable for other species, especially 

nonhuman primates. In this way, differences and similarities between the development of the 

human memory system and the primate memory system can be studied.  

 In the past thirty years the knowledge about infant memory has grown remarkably. 

Nowadays, we are far from Piaget’s observation that the mental life of infants is “a mysterious abyss 

for the psychologist” (Courage & Howe, 2004). However, there are still many mysteries to be solved. 

In general, researchers agree largely that implicit memory is an early-developing system, which may 

be even present at birth (Richmond & Nelson, 2007). In contrast, there is a long-standing debate on 

the development of explicit memory. Some researchers argue that explicit memory is a late-

developing system which matures in the second half of the first year of life (Nelson, 1995; Schacter & 

Tulving, 1994), while others argue that the implicit and explicit memory follow the same early-

developmental timetable (Rovee-Collier, 1997; 1999). A related debate exists on the topic of infantile 

amnesia, the inability of adults to remember events from their infancy and early childhood (Hayne, 

2004). The principal question in that debate focuses on whether or not there is a qualitative shift in 

infant explicit memory. 

  The goal of this thesis is to review the current knowledge on infant explicit memory 

development and describe and compare the different experimental methods. Therefore, I will first 

elaborately discuss three experimental paradigms that are frequently used to study infant explicit 

memory and I will review four principles of infant explicit memory development. In order to 

understand more about the development, I will shortly summarize the underlying brain mechanisms 

of infant explicit memory development. As infantile amnesia is a sore spot within developmental 

studies, but essential to complete the picture, I will also give a brief overview of the phenomenon 
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infantile amnesia. Finally, I will briefly go into the next step of memory development: when does the 

distinction between episodic and semantic memory arise? The thesis will be concluded with an 

evaluation in which the pros and cons of the methods to study infant explicit memory development 

are compared. 
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2. Memory tasks used with infants 

 There are many tasks that are used to study memory. In the introduction of this review, it was stated 

that human memory consists of an explicit and an implicit memory system and both can be divided 

into further subsystems. In adults, there are tasks that can distinguish between the different memory 

systems. For instance, there are many tasks that use word lists in different ways. Implicit memory can 

be studied by providing participants with word stems immediately after showing them a word list 

and asking them for the first word that comes to mind to complete the word. Explicit memory can be 

tested with free recall tests or recognition tests of a word list after a delay. Both recall and 

recognition are generally considered to depend on explicit memory. However, recognition 

performance is usually superior to recall performance. It is generally accepted that this is because 

recognition is based on familiarity whereas recall requires actual retrieval from memory followed by 

a familiarity decision, a more extensive reinstatement of the learned event (Haist et al., 1992). 

Therefore, recall is typically more difficult than recognition. 

 In infants however, it is extremely difficult to see on which memory system a particular 

memory task taps and this is debated (Richmond & Nelson, 2007). Therefore, in this section I will 

discuss the difficulties of studying memory in infants and the methods that researchers use to 

determine what type of memory is tapped with a specific task in infants. Then, I will discuss some of 

the most often used memory tasks with infants that are likely to test some form of explicit memory.  

 

2.1. Challenges with studying infant memory 

Researchers are faced with some significant challenges in the empirical study of memory 

development during infancy. The commonly used memory tasks with older children and adults are 

not valid for use with infants. 

  First, the preverbal nature of infants severely limits the possibilities of studying infant 

memory. Researchers need to incorporated nonverbal instructions into the task and need to rely on 

the nonverbal behaviour of the infants as the primary index of memory (Hayne, 2004). It is also this 

preverbal nature that makes it impossible to assess whether consciousness is involved in the memory 

paradigms (Richmond & Nelson, 2007). Since the same problem is obviously apparent in animal 

memory research, these two branches of memory research can exchange some of their methods.  

  The second major challenge of studying infant memory is that tasks should take into account 

the limited acquired motor skills that are needed to perform the task (Hayne, 2004). This is especially 

noteworthy for very young infants, whose limited motor skills can severely constrain the tasks. Again, 

this is also a challenge in animal memory research. 

  A third challenge is the fact that even within the infancy period, tasks are not valid for all 

infancy ages, since infants are developing very rapidly (Rovee-Collier, 1999). Therefore, studies of 
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memory development in infancy often focus on one age group or limited age range. As Hayne (2004) 

puts it: “infant memory research is often remarkably nondevelopmental”. Thus, it is very difficult to 

assess the actual development of memory. 

In summary, three significant problems with studying infant memory are the preverbal 

nature of infants, their limited motor skills, and the rapid development of infants. These factors 

severely limit the extent to which conclusions about memory development can be drawn.   

 

2.2. How to decide what kind of memory is reflected by the paradigms? 

Since it is extremely difficult to assess what kind of memory in infants is reflected by a particular 

memory paradigm, researchers have proposed at least two strategies to, at least partly, answer this 

key question. One strategy is to look at studies which are conducted with amnesic adults to see 

which type of memory is required for a task. The other strategy is to assess the independent 

variables that influence performance on particular task with infants and compare these variables to 

memory tasks with normal adults. I will now discuss these two strategies in more detail. 

  The so-called ‘amnesia’ filter, which was introduced by Squire and his colleagues, uses the 

performance of adults with temporal lobe amnesia as the benchmark for task assignment (see 

Hayne, 2004). Temporal lobe amnesiacs are primarily impaired in their explicit memory. Thus, 

memory tasks that amnesiacs can still solve are thought to require implicit memory, whereas 

memory tasks that they cannot solve require explicit memory. Critics of this strategy argue that it is 

invalid to assume an analogy between brain-damaged adults and infants (Rovee-Collier, 1997). For 

instance, it is virtually impossible to know if amnesic adults use the same processes as infants would 

when approaching the same task (Nelson, 1995). In addition, although amnesiacs are impaired in 

their explicit memory, they do have a life history in which they acquired skills and language, which 

infants do not yet have, but may be useful in solving paradigms. Also, there are large individual 

differences in memory performance between amnesiacs depending on the precise brain areas that 

are affected but are not always known and the cause of the deficits (e.g., an accident, Alzheimer’s 

disease). This makes it more difficult to generalize findings and use the amnesia filter. 

The other strategy, the so-called ‘parameter’ filter, assesses the independent variables that 

influence memory performance on a particular task with infants and compare these variables to 

memory tasks with normal adults (Rovee-Collier, 1997; Hayne, 2004). In normal adults, performance 

on explicit memory tasks is affected by changes in age, study time, retention interval, and context 

change. In contrast, performance on implicit memory tasks (e.g. priming) is relatively immune to the 

effect of these variables (Drummey & Newcombe, 1995; Richmond & Nelson, 2007). In this way, it is 

possible to determine whether a specific infant memory task measures a process that closely 

resembles other adult explicit memory tasks. 
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  With these criteria in mind, I now turn to the different paradigms that are used in studying 

infant memory. I will restrict the discussion to paradigms that pass both the amnesia and the 

parameter filter. However, these paradigms are still subject of an ongoing debate whether or not 

they actually reflect explicit memory. In the next section, each task is described, followed by some of 

the major findings, and finally the type of memory that is reflected by the task is discussed. 

 

 

 2.3. Visual paired-comparison task (VPC) 

  

2.3.1. The VPC task 

The visual-paired comparison task is also known as a visual recognition procedure. Already in 1956, 

Fantz (see Nelson, 1995) discovered that infants respond to novel stimuli. Fagan (1970; 1973) 

extended Fantz’s work and developed the VPC task. By providing infants simultaneously with a 

familiar and a novel stimulus, infants would prefer the novel stimulus by looking longer at it.  

   Nowadays, a typical visual paired-comparison task consists of a familiarization phase and a 

test phase. In the familiarization phase infants are exposed to a pair of stimuli for a fixed amount of 

time or until the infant has accumulated a fixed amount of time looking at the stimulus. After a delay, 

infants are tested with two stimuli, the familiarized stimulus and a novel stimulus, that are presented 

simultaneously. The task overcomes the need of a verbal response, since the proportion of time that 

an infant looks at the familiar and novel stimulus is assessed. Recognition memory is inferred if an 

infant spends a greater proportion of time looking at the novel stimulus than at the familiar stimulus. 

This is called novelty preference.  

  Traditionally, retention was inferred only when infants exhibited this novelty preference. 

Nowadays retention is also inferred when infants look longer at the familiar stimulus (i.e. familiarity 

preference), which is commonly seen when the stimuli are biologically significant or when the infant 

is very young (Hayne, 2004). For instance, newborns look longer at their mother’s familiar faces. 

  There are many variants of the VPC task. For instance, the length of the delay between the 

familiarization phase and test phase can be manipulated, the length of the familiarization phase can 

be varied, and infants can be shown multiple familiarization stimuli or a stimuli that can differ in one 

or more dimensions (i.e. colour, orientation) (Nelson, 1995; Rose et al., 2004). 
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2.3.2. Major findings with the VPC task 

Visual recognition memory is an early emerging and fundamental form of memory (Hayne, 2004; 

Rose et al., 2004). Novelty preferences seem already present in neonates as young as 3 days. After a 

delay of 2 minutes, 3-day-old neonates looked longer at a novel complex patterned stimulus than at 

the familiarized one (Pascalis & De Schonen, 1994).  

  There is compelling evidence for long-term recognition in infants, which shows that retention 

increases over the first year of life. For instance, it was shown that with 10 seconds of familiarization, 

4-month-olds could not recognize faces after a 2 minute delay, whereas 5- to 6- month-olds could 

(Cornell, 1974). Fagan (1973) showed that after a familiarization phase of 2 minutes 4- to 5-month-

old infants could recognize abstract patterns after a delay of 2 days, and they could recognize 

photographs of human faces even after a delay as long as 14 days.  Robinson and Pascalis (2004), 

who changed the background colour in the task, observed that flexibility for contextual change in 

infants on the VPC task is present in 18- and 24-month old infants and not yet in infants of 6 and 12 

months of age. 

  In general, visual recognition memory has been found to be surprisingly robust over periods 

of minutes, hours, days, and even weeks. 

 

2.3.3. Does the VPC task reflect explicit memory? 

 Research with non-human primates (Bachevalier et al., 1993) and brain-damaged adults (McKee & 

Squire, 1993) has shown that the preference for the novel stimulus in the VPC task is dependent 

upon the integrity of the hippocampus and that this task taps the memory processes that are 

damaged in medial temporal lobe amnesia. For instance, McKee and Squire (1993) have reported 

that when they tested normal and amnesic elderly participants, normal adults showed novelty 

preferences after a delay of several hours, whereas amnesiacs did not show a novelty preferences 

when the delay exceeded 1 second. Therefore, it can be inferred that the VPC task passes the 

amnesia filter.  

  Performance on the VPC task is also influenced by at least some of the same independent 

variables that influence adults’ performance on explicit memory tasks. Retention on the VPC task is 

influenced by age, study time (Courage & Howe, 2001), retention interval (Courage & Howe, 2001), 

and contextual change (Robinson & Pascalis, 2004) in a manner that is consistent with measures of 

adults declarative memory. Thus, the VPC task passes the parameter filter. 

  Based on these criteria, the VPC task is a good candidate for studying explicit memory. 
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2.4. Operant conditioning paradigms: the mobile conjugate paradigm and the train task 

 

2.4.1. The mobile conjugate paradigm and the train task 

Another well-known type task to assess memory in infants are operant conditioning paradigms. In 

operant conditioning paradigms in general, infants alter their behaviour when it is followed by a 

particular consequence (Hayne, 2004). 

  Many studies of infant memory using operant conditioning paradigms have used the mobile 

conjugate reinforcement paradigm (Rovee-Collier, 1997). It overcomes the fact that infants lack a 

verbal response to indicate whether or not they recognize a test stimulus. Instead of a verbal 

response, infants are taught to use a motoric response. The mobile conjugate reinforcement 

paradigm is well-suited for 2- to 7-month-old infants. In this paradigm, infants learn that a foot kick 

can make an overhead crib mobile turn. The standard training procedure consists of a 

nonreinforcement period of 3 minutes, in which a ribbon is attached to the ankle of the infant but 

not attached to the mobile. Thus, the infant can see the mobile, but cannot make it move by kicking. 

During this period, the baseline kick rate of the infant is determined. Subsequently, a reinforcement 

period of 9 minutes begins and the ribbon is now attached to both the infant’s ankle and to the 

mobile. A foot kick of the infant will now make the mobile move. Finally, a second nonreinforcement 

period of 3 minutes is used to assess zero delay retention. Only infants whose kicking rate at the zero 

delay retention test exceeds 1.5 times their baseline kicking rate are thought to have successfully 

encoded the paradigm and will participate in a long-term retention test. 

  A long-term retention test is administered up to 6 weeks after the training procedure. In this 

test, the training mobile is suspended over the infant while the ankle ribbon is not attached to the 

mobile and the infant’s kick rate is measured. If infants recognize the mobile, they say “yes” by 

kicking at a higher rate than their baseline rate; if they do not recognize the mobile, they say “no” by 

not kicking above their baseline rate. To study the effect of context on the performance of the 

infants, one or more objects of the mobile can be changed.  

  A task for 6- to 18-month-old infants, that is equivalent to the mobile conjugate 

reinforcement paradigm, is the train task (Hartshorn & Rovee-Collier, 1997). In the train task, the crib 

mobile is replaced by a miniature train that an infant can make move around a circular track by 

pressing a lever. The procedure is similar to the mobile paradigm and consists of a training procedure 

with a nonreinforcement period, a reinforcement period, and a zero delay test. The long-term 

retention test is carried out after a delay. 

In sum, the mobile conjugate reinforcement paradigm and the train task correspond to yes-no and 

old-new recognition tasks that have been used in studies of explicit memory with adults. 

   



 12 

2.4.2. Major findings with the mobile conjugate paradigm and the train task 

In a mobile conjugate reinforcement study with 2-month-old infants, Hayne et al. (1986) showed that 

these infants are capable of encoding and maintaining a representation of specific details for at least 

24 hours. After three daily 15 minutes training sessions, these infants discriminated changes in a 5-

object mobile following a 24 hours retention interval. When only one of the five objects of the 

mobile was changed, perfect retention was found. However, when more than one of the five objects 

was changed, there was no retrieval. Hayne et al. (1986) argued that the mobile did not serve as a 

retrieval cue when more than one object was novel, because two-month-old infants cannot 

generalise very well. 

  Three-month-old infants exhibit excellent retention in the mobile conjugate reinforcement 

paradigm after a retention interval up to 3 days (Greco et al., 1986). The presentation of a reminder 

in the interval between training and test increases the maximum retention interval of successful 

retrieval. For example, Hayne et al. (2000) showed that three-month-olds who were exposed to one 

reminder 13 days after training, exhibited retention when they were tested 24 hours after the 

reminder, but not when they were tested earlier. In addition, three-month-olds who were exposed 

to two reminders, 6 days and 13 days post-training, exhibited retention when they were tested 1, 4, 

or 24 hours after the last reminder. This suggests that the opportunity to retrieve a memory on a 

prior occasion facilitates subsequent memory retrieval and this is already present in three-month-

olds (Hayne et al., 2000). 

  In short, research using the mobile conjugate reinforcement paradigm showed that explicit 

memory performance of infants improves with increasing age.  Figure 2 shows the results of multiple 

mobile paradigm studies carried out by Rovee-Collier and her colleagues (see Rovee-Collier, 1997). 

The graph shows the retention of the paradigm one week after the training session. A retention ratio 

of 1.0 indicates no forgetting from the zero delay test to the long-term test. 

 

 

 

 

 

 

 

 

 

Figure 2: Memory performance of 2-, 3-, and 6-month-olds on a mobile 

conjugate paradigm (adjusted from Rovee-Collier, 1997). 
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  Hartshorn and Rovee-Collier (1997) have obtained identical retention data of 6-month-olds 

on the mobile and train paradigms. Furthermore, Hartshorn et al. (1998) tested retention on the 

mobile conjugate paradigm in 2- to 6-month-olds and on the train task in 6-, 9-, 12-, 15-, and 18-

month-old infants. Infants were tested for retention after a delays ranging from 24 hours up to 15 

weeks. The combined results indicated that maximum duration of retention increases with age: 2-

month-olds exhibited retention for only 24 hours, whereas 18-month-olds still showed retention of 

13 weeks. 

  In addition to the progressive longer retention duration over the first year and a half of life, 

the train task has been used to show that the specificity of cues that are required for recognition 

decreases with age. For 2- to 6-month-olds, only the original mobile or train is an effective retrieval 

cue, whereas a novel train can be used as retrieval cue for 9- to 12-month-olds within two weeks 

after training (Rovee-Collier, 1999). 

 

2.4.3. Do the mobile conjugate paradigm and the train task reflect explicit memory? 

 Infants enjoy seeing the crib mobile move or the train move over and over again. This motivation 

plays a critical role, since it seems impossible to design a similar task for adults. Therefore, there is no 

data of normal adults and adult patients with medial temporal lobe damage on these kind of tasks 

(Hayne, 2004). Thus, the amnesia filter remains ignorant with respect to the mobile conjugate 

paradigm and the train task. 

  On the other hand, there is a large body of research that shows that these operant 

conditioning paradigms pass the parameter filter. Consistent with explicit memory studies conducted 

with normal adults, infant retention on the mobile conjugate paradigm and on the train task is 

influenced by variables such as age, retention interval, contextual change, and study time (Hartshorn 

et al., 1998). Therefore, it may be concluded that at least based on these criteria, these paradigms 

indeed reflect explicit memory. 
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2.5. Deferred imitation paradigms 

 

2.5.1. The deferred imitation paradigm 

A third type of task that is supposed to reflect explicit memory and overcomes the preverbal nature 

of infants is the deferred imitation paradigm. Imitation paradigms exploit the natural tendency of 

infants to reproduce the actions of other people and can be used with 6-month-old and older infants. 

The relevance of imitation in memory research was first noted by Piaget (1962), who based his 

theory primarily on observations of his own children. Piaget theorized that imitation that occurred 

after a delay signalled the ability of an infant to form a mental representation of the seen behaviour 

and to retain that representation over a retention interval (Piaget, 1962).  

  A frequently used imitation paradigm is deferred imitation. In a deferred imitation paradigm, 

a novel action with an unfamiliar object is demonstrated to an infant by an adult or a peer 

demonstrator. A sample three-step action sequence that is often used (e.g. Bauer, 2005) is called “go 

for a ride”. It entails placing a ramp against a base to form an incline, attaching wheels to a car, and 

releasing the car on the incline. After a delay, the infant is given the objects from the demonstration 

and the infant’s ability to reproduce the actions is assessed with a long-term retention test. 

  During the demonstration, it is important that the demonstrator does not label or describe 

the presented objects and actions, and that the infant is not allowed to touch the objects. In this 

way, the infant only witnesses the novel object-specific actions. This way, the infant’s performance at 

the long-term retention test is likely based on the stored representation of what they have previously 

seen. As such, it can be argued that the deferred imitation paradigms assess recall rather than only 

recognition (Courage & Howe, 2004). Although both recall and recognition are generally considered 

to depend on explicit memory, recall is typically more difficult than recognition because recall 

requires more extensive reinstatement of the learned event than recognition (Haist et al., 1992).  

  The deferred imitation paradigm is often modified by changing the number of novel objects, 

the number of target actions, the delay between demonstration and long-term retention test, and by 

providing reminders during the delay. 

A well-known modified version of the deferred imitation paradigm has been developed by 

Bauer (1996). This elicited imitation paradigm has been used to assess memory of 9- to 32-month-old 

infants. The major differences with deferred imitation are that the duration of the test period is not 

fixed and infants are allowed to touch the objects prior and after the demonstration. Furthermore, 

infants are allowed to practise the demonstrated actions directly after the demonstration and the 

demonstrator gives a verbal description of the actions. Elicited imitation is therefore thought to 

depend more on recognition than on recall. Unfortunately, the terms deferred and elicited imitation 
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are not used consistently in empirical research. Hence, this is a source of persevering 

misunderstandings between scientists (Hayne, 2004). 

 

2.5.2. Major findings with deferred imitation paradigms 

There are two large research programs, Carolyn Rovee-Collier and her colleagues from the 

Psychology department of the University of Otago in New Zealand, and Patricia Bauer and her 

colleagues from the department of Psychological and Brain Sciences of the Duke University in North 

Carolina, USA, who have both conducted many studies with the deferred imitation paradigms and its 

direct derivatives. Small, but persistent methodological differences between their studies makes it 

difficult to compare their results.  

  In a deferred imitation paradigm, 6-month-old infants were capable of reproducing the 

demonstrator’s actions after a 24 hours delay when three target actions were shown with a single 

object for six times during the demonstration (Barr et al., 1996). However, when the number of 

objects or target actions increased, or the number of demonstrations decreased, 6-month-olds were 

not capable of reproducing the actions. This result has been replicated and extended by a deferred 

imitation paradigm with five target actions and three objects (Collie & Hayne, 1999). In this study, 6-

month-olds were capable to reproduce some of the target actions after a 24 hours delay.  

 A deferred imitation study with 9-month-old infants showed that recognition of the target 

actions one week after the demonstration predicted whether and how much infants recalled from 

the demonstration after a delay of one month (Bauer et al., 2003).  

 The number of objects and target actions that is retrieved in a deferred imitation paradigm 

increases with age. 18- and 24-month-old infants can reproduce more of the target actions than 12-

month-old after a 24 hours delay (Barr et al., 1996). 

 The specificity of cues for retrieval continues to decrease during the second year of life. This 

is shown by an extensive experiment of Hayne et al. (1997) with the deferred imitation paradigm 

with a 24 hours delay between demonstration and test. Changes in cues (i.e. colour of a puppet) that 

disrupted performance of 12-month-old infants had no effect on performance of 18-month-old 

infants, and changes in cues (i.e. both colour and form of a puppet) that disrupted performance of 

18-month-old infants had no effect on performance of 21-month-old infants.  

  This so-called generalisation across contexts and cues has considerable theoretical 

significance and many researchers believe that this age marks the emergence of a new, higher levels 

memory system that depends on the hippocampus (Bauer, 1996; Mandler, 1998; McKee & Squire, 

1993; Nelson, 1995; Squire, 1992). This topic will be discussed in more detail later in this review. 

 Furthermore, with increasing age, infants tolerate lengthier retention intervals (Bauer, 2004). 

For example, it has been shown that 14 to 16-month-old infants can remember actions of a deferred 
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imitation paradigm for four months (Meltzoff, 1995) and six months (Bauer et al., 2000) after the 

actions were demonstrated. In addition, for 20-month-old children a retention of twelve months has 

been demonstrated (Bauer et al., 2000). In contrast, Herbert and Hayne (2000) found that 24-month-

olds showed some retention for three months and complete forgetting after six months. The 

difference in successful retention interval is probably caused by the fact that Bauer et al. (2000) did 

provide some forms of retrieval cues, where Herbert and Hayne (2000) did not. 

  The number of times an infant needs to experience an action to be remembered also 

decreases in the second year of life. For example, 6-month-olds needed to experience an action six 

times in order to be remembered (Barr, 1996). By the time infants are 14 months of age, one 

experience is sufficient to support recall of multiple actions over a delay of four months (Meltzoff, 

1995). 

  Another memory ability that develops during the second year of life is the ability to 

remember the temporal order of action sequences. Although a few of the 6-month-olds in Barr’s 

study (1996) already showed some correct ordered recall after a 24 hours delay, it is not before the 

age of 13 months that infants show substantial ordered recall after a delay of one month (Bauer et 

al., 2000). Infants between the age of 17-23 months temporally ordered the sequence of actions over 

a 6-week delay (Bauer & Shore, 1987). Similar results have been obtained by Wenner and Bauer 

(1999), who found that children of 16 months and older could reliably recall enabling sequences. 

That is, sequences in which the first action is both temporally prior to and necessary for the second 

action. In contrast, when action sequences were arbitrarily ordered, children did not perform above 

chance level until they were at least 20 months of age (Wenner & Bauer, 1999). 

  

2.5.3. Do deferred imitation paradigms reflect explicit memory?  

In a deferred imitation study with amnesic patients, McDonough et al. (1995) showed that these 

patients are not able to perform the target actions after a 24 hours delay in contrast to normal 

adults. Their findings suggest that deferred imitation paradigms depend on brain structures that are 

essential for explicit memory that are damaged in amnesiacs. Thus, the deferred imitation paradigm 

passes the amnesia filter. 

  As already becomes clear from the major findings with this paradigm, the deferred imitation 

paradigm also passes the parameter filter. Multiple studies have shown that performance on the task 

depends on age (Barr et al., 1996; Collie & Hayne, 1999), retention interval (Herbert & Hayne, 2000), 

and contextual change (Hayne et al., 2000). 

  Thus, deferred imitation paradigms are likely to reflect explicit memory. 
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 In summary, infant explicit memory development is very challenging to study in a valid and objective 

way. Although the VPC task, the mobile conjugate paradigm, and the deferred imitation paradigm 

are commonly used to study infant memory development, there is often debate whether or not 

memory performance on these tasks is comparable on the account of the underlying memory system 

(Bauer, 1996; Hayne, 2004; McKee & Squire, 1993; Nelson, 1995).  

  By applying the amnesia filter and the parameter filter to the VPC task, the mobile conjugate 

paradigm, and the deferred imitation paradigm, it becomes clear that these three paradigms 

measure a form of infant memory that may at least closely resemble explicit memory. An overview of 

the three paradigms and the filters is presented in Table 1. 

 

 

Table 1: Amnesia and parameter filter for tasks that may measure infant explicit memory 

Infant task Age range Amnesia filter Parameter 

filter 

Sample references 

VPC newborns < + + Courage & Howe, 2001;  

McKee & Squire, 1993 

Mobile 

conjugate  

2-7 months ? + Hartshorn et al., 1998;  

Hayne, 2004 

Deferred 

imitation 

6 months < + + Barr et al., 1996; Hayne et al., 

2000; McDonough et al., 1995 
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3. Infant explicit memory development 

For long time, infant memory has attracted many and it has been studied intensively. However, 

despite all the work on aspects influencing memory performance of infants, there is little systematic 

work that actually focuses on developmental changes in infant memory. For instance, trade-offs 

between age, type of stimuli, number of stimuli, study time, and contextual change have not been 

well studied (Rose et al., 2004). In this section, I will review some principles of infant explicit memory 

development. 

 

3.1. Long-term retention increases with increasing age 

Studies of age-related differences in long-term retention have mostly been studied by using the 

mobile conjugate paradigm and the train task.  The primary advantage of these tasks is that all 

infants are trained to the same criterion (i.e. foot-kick or lever-press rate of 1.5 times above their 

baseline). Therefore, it is possible to assess age-related changes in retention, while independent of 

age-related changes in the initial encoding (Hayne, 2004). In contrast, a similar level of encoding on 

the deferred imitation paradigm is more difficult to control for different ages (Bauer et al., 2000).  

  The study of Hartshorn et al. (1998) with performance of 2- to 18-month-olds on the mobile 

conjugate paradigm and the train task showed  evidently that the maximum duration of retention 

increases monotonically as a function of age (Figure 3).  

 

   

 

 

 

 

 

 

 

 

 

Figure 3: Maximum duration of retention on the  mobile 

and train task from 2-18 months of age (Hartshorn et 

al., 1998). 

 

  Despite the difficulty of equivalent levels of initial encoding at different ages on deferred 

imitation paradigms, several imitation studies did find an increase of retention with an increase of 

age when infants were tested immediately after the demonstration and after a delay. For instance, 
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18- and 24-month-old infants demonstrate the same level of imitation directly after the 

demonstration, but 24-month-olds remembered the object-action sequence six times longer than 18-

month-olds (Herbert & Hayne, 2000). 

  Results on the VPC task also show that the maximum retention interval increases with age.  

Morgan and Hayne (in Hayne, 2004) tested 1- to 4-year-olds on a VPC task either immediately after 

the familiarization phase or after a delay up to one month. No age-related differences were present 

when the infants were tested immediately. However, when the infants were tested after a delay, the 

results indicated a striking increase of long-term retention with increasing age (Figure 4).  

  In sum, results on the VPC task, on the mobile conjugate paradigm and train task, and on the 

deferred imitation paradigm all indicate an increase of long-term retention with increasing age. 

 

 

 

 

 

 

 

 

Figure 4: Long-term retention on the VPC task increases 

with age (Morgan & Hayne, 2002 in Hayne, 2004) 

 

3.2. Speed of encoding increases with increasing age 

During the first year of life, the speed of encoding increases with age (Hayne, 2004). On the mobile 

conjugate paradigm, for example, 2-month-olds need approximately six minutes to meet the learning 

criterion, whereas 3-month-olds meet the learning criterion within three minutes (Greco et al., 

1986). On a similar task, the time to meet the learning criterion for 6-month-old infants further 

decreased to one minute (Hill et al., 1988). 

   Two studies (Barr et al., 1996; Hayne et al., 2000) have both found an age-related encoding 

effect on the deferred imitation paradigm. They have reported that 6-month-old infants need twice 

as much time to observe the demonstrated target actions than 12-month-old and older infants to 

exhibit retention after a 24 hours delay. 

  Thus, speed of encoding increases with increasing age, at least during the first year of life. 
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3.3. Contextual flexibility for memory retrieval increases with increasing age 

As already mentioned when the different paradigms were discussed, infants seem to generalize cues 

and context more with increasing age.  

In very young infants, memory retrieval occurs only if cues and context at retrieval are 

identical to the context at encoding (Hayne, 2004). It has been shown that 2-month-olds show no 

retention when they were tested in a mobile conjugate paradigm with a different mobile (Rovee-

Collier, 1999) or when the mobile contained more than one novel object (Hayne et al., 1986). In 

contrast, 9- to 12-month-old infants did show retention when a different train was used during the 

retention test than during the original training phase (Hartshorn et al., 1998; Rovee-Collier, 1999). 

   In a study with the VPC task, Robinson and Pasalis (2004) observed that flexibility for 

contextual change in infants on the VPC task is present in 18- and 24-month old infants and not yet in 

infants of 6 and 12 months of age when the background colour of the task differed between the 

familiarization phase and retention test.  

  Similar results have been reported in deferred imitation studies. Changes in context disrupt 

retrieval in 2- to 6-month-olds (Hayne et al., 2000). The findings of Hayne et al. (1997) showed that 

changes in context that disrupted memory performance in 12-month-olds did not have an effect on 

18-month-olds, and changes in contexts that disrupted memory performance in 18-month-olds had 

no effect on 21-month-olds. Herbert and Hayne (2000) reported similar results for 18-, 24-, and 30-

month-old infants when the contextual change was larger.  

  Thus, contextual change negatively affects the performance of 2- to 6-month-olds on both 

the mobile conjugate paradigm and on the deferred imitation paradigm, while older infants show an 

increase in flexibility of memory retrieval. Although the time frame for this flexibility might be 

somewhat shifted in the VPC task, the results show the same trend. The range of effective cues 

gradually broadens and older infants can access their memory representations in a wider range of 

situations (Hayne, 2004). 

  In sum, results on the VPC task, on the mobile conjugate paradigm and train task, and on the 

deferred imitation paradigm all indicate an increase in flexibility of memory retrieval with increasing 

age. 

 

3.4. Reactivation reminders become more effective with increasing age 

Although I have mainly left out this topic in the discussion of the paradigms, it is important to 

highlight it here since it affects theories of childhood amnesia which I will discuss later.  

  Research with VPC tasks, mobile conjugate paradigms and train tasks, and deferred imitation 

paradigms have all demonstrated that the presentation of a reminder in the retention interval 

facilitates memory retrieval at the long-term retention test. The effectiveness of this reminder 
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increases with age: both the duration of the interval between training and reminder and the duration 

of the interval between the reminder and the long-term retention test increases with age (Hildreth & 

Rovee-Collier, 2002). Furthermore, older infants accept a wider range of reminders as effective 

retrieval cues (reviewed in Hayne, 2004). This is obviously related to the previous principle of infant 

explicit memory development, which stated that flexibility of memory retrieval increases with age. 

 

In summary, four principles are essential and contribute to the understanding of infant explicit 

memory development: (i) long-term retention, (ii) speed of encoding, (iii) contextual flexibility 

increase with increasing age, and (iv) reactivation reminders become more effective with increasing 

age.  

  One way to understand more about these developmental processes of infant memory 

development is to study the underlying brain development of infants. A brief and comprehensive 

view of the underlying brain development is provided in the following section. 
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4. Brain mechanisms involved in infant explicit memory paradigms 

The first link between explicit memory and the medial temporal lobe was established in the landmark 

study of patient H.M, who suffered severe memory loss after temporal lobe resection as a treatment 

for his epilepsy (Scoville & Milner, 1957). Nowadays, it is generally accepted that the structures in the 

medial temporal lobe underlie the conscious recollection of facts and events, that is, explicit memory 

(Richmond & Nelson, 2007). Figure 5 shows a schematic picture of the medial temporal lobe and its 

structures. 

 

   

 

 

 

 

 

 

  

Figure 5: The medial temporal lobe system  
  (Richmond & Nelson, 2007). 

 

  Much of the hippocampus is formed prenatal, but the dentate gyrus develops postnatal 

along with the maturation of inhibitory interneurons. Therefore, the functional maturity of the 

medial temporal lobe memory system is not reached until two years of age (Richmond & Nelson, 

2007). This postnatal development is largely in line with the behavioural data on the infant explicit 

memory paradigms. Thus, it may explain the age-related differences in performance that are 

obtained with the paradigms, but it might also explain performance differences between these 

paradigms.  

  Novelty preferences, as used in the VPC task, are mediated by the hippocampus and its 

surrounding structures. This has been tested with nonhuman primates (Bachevalier et al., 1993) and 

with normal and bilateral hippocampal-damaged adults (McKee & Squire, 1993). However, does 

dependence on the hippocampus make this task an explicit memory task? In contrast to the deferred 

imitation paradigm and the mobile conjugate paradigm, newborns already show recognition on the 

VPC task. When the VPC task was made more difficult in the form of a cross-modal recognition task, 

in which infants are familiarized to a stimulus in one sense modality (i.e. tactile) and during the 

recognition test the stimulus is presented in another modality (i.e. visual), it is generally found that 

infants do not become successful on this task until they are 6 to 8 months old (Nelson, 1995; Rose et 
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al., 1981). Nonhuman primate data and human infant ERP data further suggests that cross-modal 

recognition depends on the hippocampus and on limbic structures (Nelson et al., 1993). Therefore, 

Nelson (1995) argued that simple novelty preferences may not reflect the end state of explicit 

memory. This pre-explicit memory develops into a more mature form after 6-8 months of life. He 

stated that mature explicit memory involves also other brain areas including area TE and the other 

limbic structures such as the dentate gyrus, which reaches maturity later in life (Bauer, 2004). Thus, 

this brain developmental difference may explain the difference in performance on the VPC task and 

the other paradigms. 

  In addition, it has been proposed that the age-related changes in deferred imitation 

paradigms can at least partly be attributed to increased representational flexibility (Hayne, 2004; 

Hayne et al., 2000), as representational flexibility depends on maturing interactions between the 

hippocampus and the association cortex (Eichenbaum, 1997), with the latter developing slowly 

postnatal (Bauer, 2004). 

  Overall, it is expected that most medial temporal lobe structures reach maturity between 2-6 

months of age. The cortical structures that are connected with the hippocampus via the dentate 

gyrus, would be expected to reach functional maturity late in the first year of life and in the second 

year of life (Bauer, 2004). Thus, in general, the time course of changes in behaviour is in accordance 

with what is known about developments in the temporal–cortical network that supports explicit 

memory. 
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5. Infantile amnesia 

A topic that is often discussed in parallel with infant memory development is infantile amnesia. Freud 

used this term to describe the inability of adults to remember events from their infancy and early 

childhood (Hayne, 2004). There is now a general consensus that adults’ earliest autobiographical 

memories go back to when they were 3 or 4 years old (Simcock & Hayne, 2002). Since episodic 

memory is part of the explicit memory system and since it has been shown that younger infants do 

already have some form of explicit memory, the phenomenon of infantile amnesia may seem 

surprising. Thus, the study of infantile amnesia may provide additional insights into explicit memory 

development and vice versa (Hayne, 2004). Several theories and opposing views have been proposed 

in order to explain infantile amnesia. These approaches include neurologically based transitions into 

a new memory system or maturation of a more primitive memory system (Bachevalier et al., 1993), 

the development of language (Nelson, 1993), and the development of theory-of-mind (Perner & 

Ruffman, 1995).   

  In accordance with the principles of infant memory development that have been discussed in 

a previous section, it can be argued that the explanation of a qualitative shift of memory systems can 

be ruled out. Empirical research has shown that changes in encoding, retention, and retrieval occur 

gradually as a function of age (Hayne, 2004).  

  First, the speed of encoding increases with increasing age. Therefore, it can be inferred that 

under the same encoding conditions, older infants establish richer memories than younger infants 

(Rovee-Collier et al., 1989). Since an older infant’s memory contains more contextual information 

that can function as a retrieval cue, the ability to detect a cue increases and this enhances the 

probability that a memory is retrieved (Hayne et al., 2000).  

  Secondly, the length of the retention interval increases with age. Since forgetting occurs 

within days or weeks in early infancy, it is clear that these memories are not accessible after many 

years. In addition, reminders become more effective with age. Thus, again with increasing age there 

is a higher probability of successful memory retrieval.  

  Third, flexibility of memory increases with age. Since only the original encoding context 

serves as a retrieval cue in very young infants, these early memories are more difficult to retrieve 

than older infants’ memories whose memories are more flexible.   

 In sum, as a result of experience and maturation of the infant memory system, memories of 

older infants are more accessible at an older age and thus these age-related changes may account for 

the phenomenon infantile amnesia. Thus, quantitative changes rather than a qualitative shift may 

account for infantile amnesia (Bauer, 2006; Hayne, 2004; Rovee-Collier, 1999). More support for this 

comes from studies that provided periodic reminders of the original encoded event to infants. With 
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providing periodic reminders it is possible to maintain a memory from early until 2 years of age and 

maybe even longer (Rovee-Collier, 1999). 

 In addition, the acquisition of language skills also supports this theory. It may not be a 

coincidence that the offset of infantile amnesia corresponds to a period of rapid language 

development (Simcock & Hayne, 2002). Language may serve as a new encoding format, in such way 

that the encoding of a memory will be more elaborate. Language may also serve as a retrieval cue, 

thus making it easier to retrieve a memory (Hayne, 2004). Interestingly, there is much debate on 

whether or not verbal children translate their preverbal memories into verbal reports. Simcock and 

Hayne (2002) argue that verbal children do not translate their preverbal memories, since no linguistic 

information was originally encoded during these preverbal events and therefore their memories may 

not be accessible with language. Likewise, Rovee-Collier (1999) argues that a shift from nonverbal to 

verbal retrieval cues would lessen the probability that a memory encoded in infancy would be 

retrieved later in life. In contrast, Bauer (2006) stressed that verbal children do verbally report about 

deferred imitation sequences they experienced as preverbal infants. 

  In general, age-related quantitative changes and a match between encoding and retrieval 

context seem to be critical for successful retrieval after very long delays and this may explain infantile 

amnesia. However, further longitudinal studies examining memory abilities before, during, and after 

the period of infantile amnesia are needed. With standardized studies it may be possible to examine 

the specific memory development around the critical age and the influence of learning language 

more closely.  
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6. Explicit memory development continues: the subsystems episodic and semantic memory 

So far, I have discussed the development of explicit memory in infancy. However, explicit memory is 

generally thought to consist of two subsystems: episodic and semantic memory. While episodic 

memory consists of one’s autobiographical memories including a what, where, and when component 

and conscious awareness (e.g., visiting the Charles’ bridge in Prague last spring), semantic memory 

consists of one’s general world knowledge (Prague is the capital of the Czech Republic) and does not 

include conscious awareness. The goal of this section is to provide some insights into the ontogeny of 

the division into semantic and episodic memory. The fundamental question is when the organization 

of the components of explicit memory that are present in adults becomes observable. 

  Although many paradigms to study semantic and episodic memory contain both episodic and 

semantic features, there are tasks that are used to study the two separately. Perhaps the most well-

known task is the remember/know procedure (Tulving, 1972). In this procedure, participants are 

required to relate their recognition decision of a stimulus (e.g., word, object, face) to an introspective 

judgement about whether the recognition is based on actually consciously remembering the episode 

in which they studied the stimulus (i.e. remembering), or if it is just a feeling of familiarity (i.e. 

knowing). While remember responses are linked to episodic memory, know responses seem to 

reflect semantic memory. Other paradigms to study episodic memory mostly include the 

remembering of an episode that “such and such an item occurred at such and such time, in such and 

such a temporal relation to other items and other kinds of events”  (Tulving, 1972) with the accuracy 

of remembering as a measure of episodic memory. The empirical study of semantic memory is more 

challenging, since the input conditions of a memory are usually unknown and there is hardly an 

applicable way to assess the performance of semantic memory. Semantic memory tasks are usually 

limited by questions about general world knowledge, verbal naming, and verbal fluency (Passafiume 

et al., 2006). For instance, a commonly used paradigm to study semantic memory in amnesic patients 

is the word-stem completion paradigm, in which participants have to complete a word stem with as 

many words as possible (e.g., Nessler et al., 2006; Passafiume et al., 2006). 

    Children with hippocampal damage are rare and therefore a very valuable source for 

studying the development of episodic and semantic memory. Vargha-Khadem et al. (1997) studied a 

child who suffered bilateral hippocampal damage at birth. Despite the pronounced amnesia for 

everyday life episodes, the child remarkably attained levels of language and semantic knowledge 

within the low average to average range when she was assessed at the age of 14. Based on these and 

similar results with children with hippocampal damage, Vargha-Khadem et al. (1997) suggested that 

only episodic memory is fully dependent on the hippocampus, while semantic memory can be largely 

supported by the underlying cortices, such as the perirhinal cortex.  
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  Expanding on these findings and including primate data (Bachevalier & Vargha-Khadem, 

2005), De Haan et al. (2006) proposed that a form of semantic-like memory emerges first, whereas 

episodic memory develops later. Infants’ recognition and recall is initially mediated by the perirhinal 

cortex, which is involved in familiarity-based recognition (i.e. knowing) in adults. With time, the 

hippocampus is thought to become progressively more involved in recognition, enabling recollection-

based recognition (i.e. remembering), and abilities of self-awareness emerge (De Haan et al., 2006; 

Tulving, 2002). Similarly, Bachevalier and Vargha-Khadem (2006) who studied young primates with 

and without hippocampal lesions on VPC paradigms, concluded that the abilities that crucially 

depend on the hippocampus, such as episodic memory, emerge in later stages of development. 

  Sluzenski et al. (2004) have used a reality monitoring paradigm with 4- to 8-year-old children 

to assess episodic memory. In this paradigm, children have to decide whether they were actually 

engaged in an event (e.g., making pudding, planting a seed) or only imagined it. This is generally 

accepted as a prototypical example of episodic memory (Wheeler et al., 1997). The results of 

Sluzenski et al. (2004) indicated that 4-year-olds have more difficulties with this paradigm than 5- 

and 6-year-olds. In addition, Ruffman et al. (2001) showed with a similar reality monitoring paradigm 

that even 10-year-old children do not perform on a mature level on this paradigm. Their findings are 

supported by the claim that the development of episodic memory is also typically linked to the 

development of the frontal lobes (Schacter et al., 1991; Wheeler et al., 1997). 

  One of the critical differences between episodic and semantic memory is that consciousness 

is only involved in episodic memory. Since consciousness is a prerequisite for episodic memory, the 

ontogeny of consciousness may provide insights about the development of episodic memory. 

Although consciousness is a major issue in studying episodic memory, it goes beyond the scope of 

this review to discuss it here extensively. Consciousness is not directly observable, and therefore not 

objectively measurable. However, some developmental researchers do clearly position themselves in 

this debate. For instance, Bauer (1996) claimed that conscious recollection can already 

unambiguously be inferred from preverbal infants’ performance on the deferred imitation paradigm 

because it engages the same cognitive processes as those involved in verbal recall by older children 

and adults. McDonough et al. (1995) similarly concluded that deferred imitation relies on 

intentionally calling to mind facts and events. In contrast, Rovee-Collier (1999) argued that this 

cannot be inferred because no conclusions can be drawn about the abilities of preverbal infants from 

a study with verbal children and adults. This was similarly put forward by Tulving (2002), who warned 

that conscious recollection cannot be inferred from performance on a explicit memory task since 

conscious experience and such behaviour are not necessarily related. In short, there is still much 

debate whether consciousness is involved in infant explicit memory tasks such as the deferred 
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imitation paradigm. The problem of consciousness is basically solved with the acquisition of 

language; when verbal infants start talking about themselves. 

 Nelson (1993) has put emphasis on the development of language in the onset of episodic 

memory. She argued that during the acquisition of language, parents teach their children to talk 

about past episodes. In this way, children learn to structure their memories in a narrative form. Early 

studies of Nelson and her colleagues revealed that 3-year-olds are already quite good at telling what 

happens in a familiar event (e.g., going to preschool), but they are relatively poor at telling what 

happened on one particular occasion (Nelson, 1993). They suggested that these children do not yet 

preserve episodic memories, but all information from an experience is absorbed by early semantic-

like memory. However, there are reports of individual children younger than 3 years old that do 

show evidence of specific episodic memories for salient events. Nelson (1993) reported the following 

fragment of a 2½ year old girl when she was talking to herself alone in her room: 

“We bought a baby, cause, the well because, when she, well, we thought it was for Christmas, but when we 

went to the store we didn’t have our jacket on, but I saw some dolly, and I yelled at my mother and said I want 

one of those dolly. So after we were finished with the store, we went over to the dolly and she bought me one. 

So I have one.” 

This example illustrates that already at the age of 2½ years old, some infants can include what, 

where, and when components which are elements of episodic memories. 

  In summary, there is an ongoing debate about the division of explicit memory into the 

components episodic and semantic memory. Whether the distinction is already present in preverbal 

infants is very difficult to assess. Some researchers argue that semantic memory develops early and 

episodic memory is not present until 3 or 4 years of age, whereas others claim that preverbal infants 

already remember specific episodes. The major difficulty here is the lack of valid nonverbal 

paradigms to study semantic or episodic memory. All discussed episodic and semantic memory 

paradigms require linguistic skills. Thus, there is a need for nonverbal episodic and semantic memory 

paradigms. Perhaps developmental psychologists could collaborate with animal memory researchers 

to find a way to solve this issue. To conclude this section, I would like to stress that a second difficulty 

of studying the ontogeny of episodic memory is the persistent inconsequent use and interpretation 

of the concept of episodic memory and its related terms (e.g., source memory, autobiographical 

memory, event memory) by researchers. Researchers should come to an agreement about the 

definition of episodic memory and this may already solve some misunderstandings. 
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7. General discussion 

Since the 1970s, over 7000 scientific papers on memory development have been published (Hayne, 

2004). However, as this review has shown, many things remain to be unravelled about infant explicit 

memory development. In this review, I have discussed the three most frequently used experimental 

paradigms to study infant explicit memory development: the visual paired-comparison task, the 

mobile conjugate paradigm, and the deferred imitation paradigm. These three paradigms overcome 

the preverbal nature of infants and pass the amnesia and the parameter filter. Based on consistent 

findings with these paradigms, four principles that influence infant explicit memory development 

could be formulated: (i) long-term retention, (ii) speed of encoding, (iii) contextual flexibility increase 

with increasing age and (iv) reactivation reminders become more effective with increasing age. These 

results have also led to a better understanding of infantile amnesia. Although there are still opposing 

views, more and more researchers agree that the explanation of this phenomenon lies within 

quantitative age-related memory developments and the acquisition of language rather than a 

qualitative shift of memory systems. It might be expected that memory research becomes easier 

with older and verbal children. However, the last section showed that challenges remain in the 

continuing development of explicit memory into semantic and episodic memory. 

 

Although the three discussed infant explicit memory paradigms pass the amnesia and the parameter 

filter, there is still some debate on whether these paradigms do indeed assess explicit memory in 

infants (Bauer, 1996; Hayne, 2004; McKee & Squire, 1993; Meltzoff, 1995; Nelson, 1995). This debate 

concentrates mainly around the VPC task and the mobile conjugate paradigm. Traditionally, the VPC 

task and the mobile conjugate paradigm were thought to reflect implicit memory (Schacter & 

Tulving, 1994).  

  Nowadays, the VPC task has joined the deferred imitation paradigm as a measure of explicit 

memory (Gross et al., 2002; McKee & Squire, 1993). However, the discussion about the VPC task still 

focuses on whether the end state of mature explicit memory is reflected by novelty preferences. 

Nelson (1995) argued that when infants are tested in other presumably explicit memory tasks (e.g. 

deferred imitation), they do not demonstrate evidence of explicit memory until they are 6 months 

old, whereas novelty preferences seem to be present already in newborns. In addition, when infants 

are tested on the related cross-modal recognition task, it is generally found that infants do not 

become successful on this task until they are 6 to 8 months old (Rose et al., 1981). This, and 

additional results from ERP studies, has led Nelson (1995) to suggest that novelty preferences until 6-

8 months of age may be reflex-like in nature and that younger infants have a kind of precursor of 

explicit memory, “pre-explicit memory”, which allows them to perform the visual paired-comparison 

task. 
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  On the other hand, there is support for the VPC task. Although the VPC task is typically used 

with infants, it is suggested that it may be an ideal tool to study memory development across lifespan 

(Hayne, 2004; Rose et al., 2004). It is argued that with the appropriate stimuli, the paradigm could be 

used to study age-related changes in encoding, retention, and retrieval in infants, children, and 

adults who are tested under exactly the same experimental conditions. Some even stress that the 

VPC task has turned out to be an extraordinarily sensitive measure of medial temporal lobe function 

and as such, may be an excellent measure of explicit memory (or pre-explicit memory in infants, 

Nelson, 1995) (Rose et al., 2004).  

  Critics of the mobile conjugate paradigm argue that this paradigm assesses learning rather 

than memory. It is suggested that although visual recognition is required for this task to recognize 

the mobile, the actual encoding of the stimulus is embedded in the context of motor activity and 

might be similar to skill learning in implicit memory tasks (Nelson, 1995). In a response, Hayne (2004) 

argued that the foot-kick is emitted, and not elicited (Nelson, 1995). With this, she meant that the 

infant’s foot-kick is a voluntary action and the infant chooses to kick in response to seeing the crib 

mobile that serves as a retrieval cue. If the foot-kick would be elicited, the foot-kick would be an 

obligatory reaction caused by the sight of the mobile. Thus, it is rather the contingency between the 

behaviour and its outcome. In addition, it has been shown that infants whose foot-kick is not 

contingent with the movement of the mobile, do not increase their foot-kicking (Hartshorn & Rovee-

Collier, 1997).  

  So far, only one study has used all three paradigms to compare performances of infants. 

Gross et al. (2002) studied 6-month-old infants’ performance on the VPC task and on mobile 

conjugate paradigm,  and on the VPC task and the deferred imitation paradigm. In comparing 

performance on the mobile task and the VPC task, they found clear differences in retention on the 

two paradigms, despite equal opportunities for initial encoding. The infants did exhibit retention on 

the mobile conjugate paradigm, however they did not exhibit retention on the VPC task after the 

same delay. When 6-month-olds were tested on both the deferred imitation paradigm and on the 

VPC task, Gross et al. (2002) again found clear differences in retention between the paradigms. 

Infants exhibited retention in the deferred imitation paradigm, however, they exhibited no retention 

after the same delay on the VPC task. This study demonstrated that performance on the deferred 

imitation paradigm and the mobile conjugate paradigm are remarkably similar, whereas the VPC task 

seems to be the outlier (Gross et al., 2002). In addition, in a study with 3- and 6-month-olds that 

combined the mobile conjugate paradigm and the VPC task, it was demonstrated that infants did 

consistently exhibit retention on the mobile task, but not on the VPC task (Wilk et al., 2001). In this 

study, infants learned to move a mobile by kicking and then received a visual paired-comparison task 

with the familiar training mobile and a novel mobile. Kicking above baseline was the direct measure 
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of retention, and longer looking at the novel mobile was  the visual-preference measure.  Thus, these 

studies showed that the VPC task and the mobile conjugate paradigm are not equivalent measures of 

memory (Gross et al., 2002; Wilk et al., 2001), and that the deferred imitation paradigm and the 

mobile conjugate paradigm are more likely to tap a similar underlying memory system (Gross et al., 

2002). 

  In general, differences are found between the deferred imitation paradigm and the mobile 

conjugate paradigm in generalization of performance. In operant tasks, such as the mobile task, 

infants generalize first across contexts and cues at 3 months of age, while infants do not generalize 

until 12 months of age in imitation paradigms. Learmonth et al. (2004) studied these differences in 

generalization between the mobile conjugate paradigm and the deferred imitation paradigm. They 

suggested that the encoding and retrieval conditions are more similar in a mobile task than in a 

deferred imitation task. In both the training and the test phase of the mobile conjugate paradigm the 

infant actively responds to the mobile by kicking which also makes the memory richer, whereas in a 

deferred imitation paradigm the infant has only inactively watched the demonstrator modeling the 

object-specific actions. When encoding and retrieval conditions were made more similar in the 

deferred imitation paradigm by allowing the infant to imitate the action sequence immediately after 

the demonstration, 6-month-olds were already able to generalize. Therefore, the similarity between 

encoding and retrieval conditions, and thus the richness of the memory, seems to be the critical 

factor causing the difference in generalization between the two types of tasks and not the type of 

task.  

  The suggestion that the deferred imitation paradigm and the mobile conjugate paradigm are 

more equivalent than the VPC task can be supported with what is known about the underlying brain 

development. In accordance with Nelson’s (1995) notion of pre-explicit memory as underlying 

mechanism of novelty preferences, it has been found that the brain structures involved in the VPC 

task are somewhat different than the structures involved in the mobile conjugate paradigm and the 

deferred imitation paradigm. The hippocampus, which is primary developed prenatally, is sufficient 

for novelty preferences, at least in the infancy period (Bachevalier et al., 1993; Nelson, 1995). In 

contrast, the hippocampus and postnatal developing limbic brain structures, including primarily area 

TE and the dentate gyrus, are crucial for the deferred imitation paradigm and the mobile conjugate 

paradigm (McDonough et al., 1995; McKee & Squire, 1993; Nelson, 1995). These differences in brain 

structures may account for the differences in infants’ memory performance on the three paradigms. 

However, there is yet no direct hard evidence of this relation.  

  Despite the possible underlying differences between the VPC task, the mobile conjugate 

paradigm, and the deferred imitation paradigm, results obtained with the paradigms for the greater 

part point in the same direction. Based on results obtained with all three paradigms, four principles 
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that influence infant memory development could be formulated (i.e., (i) long-term retention, (ii) 

speed of encoding, (iii) contextual flexibility increase with increasing age, and (iv) reactivation 

reminders become more effective with increasing age). Thus, although the time frames in which 

similar results on the paradigms are obtained do not match, they do show a similar trend. Whether 

this is caused by methodological differences between the paradigms, and/or whether it reflects 

differences in brain structures that are tapped by the paradigms is not yet clear.  

  The study of the phenomenon of infantile amnesia may attribute to the knowledge of infant 

explicit memory development. Many findings support the proposal that infantile amnesia can be 

explained with age-related quantitative changes and the rapid development of language. This is in 

accordance with what is known about infant explicit memory development. Thus, these results can 

be used to develop a structural and coherent overview of infant explicit memory development.  

  At the same age as the infantile amnesia period is thought to end (i.e., 2-3 years of age), 

language skills develop. The acquisition of language is an important factor in the study of further 

explicit memory development. Researchers who are interested in the development of the division of 

explicit memory into semantic and episodic memory solely use verbal experimental paradigms. This 

severely limits the extent to which results of preverbal infant memory studies can be extrapolated to 

this next period of memory development. Hence, there is a high need for nonverbal explicit memory 

paradigms that can distinguish semantic and episodic memory. In addition, this field is plagued with 

an inconsequent use of terminology. 

  To conclude, infant explicit memory development remains a challenging and much debated 

subject. More progress can be obtained with longitudinal studies (e.g., Bauer et al., 2000) that make 

it possible to monitor the development of explicit memory from early infancy to verbal childhood 

continuously. Tracking parallel developments in abilities that influence memory (e.g., contextual 

flexibility, speed of encoding) and abilities that affect the expression of memory (e.g., language) will 

allow a better integration of results between the single studies of infant explicit memory, infantile 

amnesia, and the development of semantic and episodic memory. Combining those results with 

additional methodologies and results from primate memory studies and amnesia research will 

eventually lead to a better and more complete understanding of human memory development.  

  In the revelation of the early viability and competency of infants’ memory may ultimately lie 

the key to understanding adult memory. Hence, a comprehensive theory of memory is necessary, 

since memory is essential for who we are, what we know, and what we can do. 
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