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An abstract
Abstract 

We employed an object-placement/object-removal design, inspired by recent work on ‘episodiclike’ memory in scrub jays (Clayton, N. S., & Dickinson, A. (1998). Episodic-like memory during cache recovery by scrub jays. Nature, 395, 272–274), to examine the possibility that children in the second year of life have event-based memories. In one task, a successful search could have been due to the recall of an object-removal event. In the second task, a successful search could only have been caused by recall of where objects were located. Success was general in the oldest group of children (21–25 months), while performance was broadly similar on the two tasks. The parsimonious interpretation of this outcome is that the first task was performed by location memory, not by event memory. We place these data in the context of object permanence development. (137 words) Aim for 50 to 100 words

 Introduction
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What do the experiments have the potential to tell us? 
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How do they fit in with research on related topics, and what do they add?

1. Introduction 

Recent claims about the existence of ‘episodic-like’ memory in food-caching birds (scrub jays)made by Clayton and her colleagues (Clayton&Dickinson, 1998, 1999) have raised the possibility of there being forms of event-based memory in human infants. Such studies not only provide the developmental researcher with a set of non-verbal techniques for studying such memories but they force us to consider the nature of the developmental precursors to forms of episodic memory and related abilities that are becoming apparent after the age of about 4 years (Perner & Ruffman, 1995; Povinelli, Landry, Theall, Clark, & Castille, 1999; Povinelli& Simon, 1998). In this paper we report the outcome of using an object-placement/ object-removal design with children in the second year of life inspired by the cache-pilfer design of Clayton and Dickinson.Westress, however, thatwe have done nomore than borrow elements of these authors’ basic methodology and that there remain substantial differences between the two kinds of programme, not least that in our case it is the removal (‘pilfering’) event, rather than the placement (‘caching’) event, that is at issue.

It is possible to interpret success on the following task – which we shall call the ‘twobox task’ – as evidence for the recall of a removal event. At time-one children see two toys hidden, one in each of two boxes A and B. Immediately after this, they witness the removal of the toy from one of the locations (say A), after which there is a substantial interval. At time-two the children see the two boxes again and are invited to find a toy. Their visiting location B could be construed as being due to their recalling the removal event. However, there is another possible interpretation of success – one in terms of location memory. On this account, what happens during the removal event is the child’s attention becoming focussed upon the unvisited box that still contains a toy, with this location being thereby encoded in memory. We examined this possibility by using a second task, called the ‘three-box task’. In this, children initially see a toy hidden in each of two of three boxes – (say) B and C only. This is all they see at time-one. At time-two they see a toy being removed from one of the boxes (say B), immediately after which they are encouraged to search. Visiting C rather than A would suggest that they had remembered that only B and C contained toys over the interval.

What can a comparison of these two tasks tell us about infant memory? In the first place, because event memory (of more than a few seconds) cannot account for success on the three-box task, the two tasks being of equivalent difficulty would suggest that success on the two-box task was indeed due to location memory – as sketched above. There are, however, two lemmas behind this line of reasoning: (1) that each task was not being performed by a different kind of memory; and (2) that explanations for successful search in terms of location memory are essentially more parsimonious that those in terms of event memory. (1) is justified by the principle of parsimony itself, while (2) can be supported on a priori grounds. To explain the latter claim, in a removal-search design, recall of the removal event is useless unless it is accompanied by a background of location memory. Recalling the depletion at A cannot lead to search anywhere else unless there is a memory for an object or objects at other locations. Location memory, however, is not similarly dependent upon event memory. (1) and (2) will be among our working assumptions. Second, if there was no difference in performance on the two tasks in younger children, coupled with superior performance on the two-box task in older children, then it could be concluded that a form of event-based memory was maturing around the age at which the transition in relative difficulty took place. This pattern could be explained by the older children having two memory codes available to them (event and location) rather than one (location). Third, if the three-box task proved to be the more difficult then one would conclude, given (2), that this was due to its making heavier demands on location memory because it contained an extra location.

It might be said that we already have evidence of event-based memories in young children, lasting a matter of months, gleaned from studies using the technique of elicited imitation (e.g. Bauer, Dow, Bittinger, & Wenner, 1998; Bauer & Wewerka, 1995; Meltzoff, 1995a). However, because such studies frequently require participants to reproduce actions on novel objects, what the children may well be recalling is what actions these objects afford, rather than the original modelling event. It could be objected to this that, in some studies, the child had to reproduce highly unnatural actions which the object did not naturally afford (e.g. Meltzoff, 1988). But even here, where one might indeed explain success in terms of the child having what Meltzoff and Moore (1998) call ‘representational persistence’, the child may have done no more than form an association between an action and an object without recalling the original modelling episode.

Note: This Introduction is WAY too long for your experiment.
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The method section will generally be rather dry and can be difficult to follow. Authors often use a paragraph or two prior to the Method to give a brief overview of what was done.
In our study, 1-year-old children in three age groups were presented with one of four memory tasks: a two-box task with either a 20 min or a 24 h delay period, and a three-box task with either a 20 min or a 24 h delay period. 

[image: image7.wmf] This requirement may be fulfilled directly from the textbook or from information derived by interviewing the trainer in an observational study.
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2. Method 
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2.1. Participants 

Two hundred and eighty-one children participated in this study. All were recruited from within a ten-mile radius of the city of Cambridge, UK, and all were gestationally full term. The subdivision of the participants by age and task is presented in Table 1. There were between 20 and 27 children per group. 
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Apparatus:

[image: image12.wmf] This is the place for pictures and/or drawings of your apparatus (food container, bell, your kitchen, etc.).
2.2. Procedure and apparatus 

Either two or three cardboard boxes were used, which were of identical size and of contrasting colours (blue, orange, yellow). The dimensions of each box were 18 £ 12 £ 12 inches. Two identical ‘Chicco’ play-centres were used as the toys. Pressing a switch on a play-centre caused nursery music to play and brightly coloured lights to flash in sequence on the front panel. 

[image: image13.wmf] This is the place for any pictures of complex stimuli

[image: image14.wmf] (unlikely for semester project).
The children were allowed to play with one of them briefly at the outset. Testing was carried out in a developmental laboratory in the university psychology department. The boxes were placed on the floor in a corner of the playroom. In the middle

Table 1 Composition of experimental groups
	Age group (months)
	Experimental

Group
	Number
	Mean Age

(Months)
	Mean Birth

Weight
	Male/female

	14-17
	2 box 20 min
	27
	16.30
	7lbs12ozs
	17M/10F

	
	3 box 20 min
	20
	14.70
	7lbs8ozs
	7M/13F

	
	2 box 24 h
	20
	15.60
	7lbs8ozs
	14M/6F

	
	3 box 24 h
	20
	16.90
	8lbs3ozs
	8M/12F

	18–21
	2 box 20 min
	26
	19.50
	7lbs5ozs
	13M/13F

	
	3 box 20 min
	20
	19.55
	6lbs6ozs
	9M/11F

	
	2 box 24 h
	27
	19.30
	7lbs7ozs
	14M/13F

	
	3 box 24 h
	20
	19.35
	7lbs9ozs
	10M/10F

	22–25
	2 box 20 min
	27
	23.77
	8lbs2ozs
	16M/11F

	
	3 box 20 min
	20
	24.00
	7lbs5ozs
	7M/13F

	
	2 box 24 h
	27
	23.59
	7lbs8ozs
	16M/11F

	
	3 box 24 h
	27
	24.07
	7lbs5ozs
	11M/16F


 of the playroom was a chair in which the child sat on his or her mother’s lap to face the boxes. A video camera mounted on a laboratory wall recorded all trials. While the child’s mother (or other caretaker) was being briefed about the procedure, and during completion of the consent forms, children accustomed themselves to the playroom. Mothers were instructed not to assist their child either physically or verbally during the procedure but were permitted to encourage him or her to find the toy. 

[image: image15.wmf] Procedure:
2.2.1. Two-box task 

The first experimenter held up the two play-centres, and switched them on. She then placed a toy in each box. After a few seconds, and while the child’s attention was still on the boxes, a second experimenter entered the room through a different door. The second experimenter removed one toy from a pre-designated box, replaced the lid and left the room carrying the toy. At this point, a screen was placed over both boxes. If a child had been allocated to the 20 min delay condition, he or she remained in the laboratory to participate in another, unrelated study. It the child was in the 24 h delay group he or she returned at the same time on the next day. At time-two, child and mother sat in the same position as before. The child was encouraged to find a toy, by telling him or her to ‘go find a toy to play with in one of these boxes’.

[image: image16.wmf] Procedure: (again because there are two different tasks.)
2.2.2. Three-box task

 In this task, the chair was placed before three boxes. Placement of the two toys followed just as it did in the two-box task, with the child being encouraged to attend to where they went. When the toys had been hidden, a screen was placed before all three boxes. The two delay periods operated in just the same way as they did in the two-box task. At time-two the child, seated on his or her carer’s lap, saw the second experimenter remove one toy from a pre-designated box, replace the lid of the box and leave the room with the toy. 

Table 2 Children’s location choice by age and task

	Age (months)
	Experimental Group
	Target box
	Other

	14–17
	2 box 20 min delay
	6 21
	

	
	2 box 24 h delay
	10 10
	

	
	3 box 20 min delay
	6 14
	(10 A/4 E)a

	
	3 box 24 h delay
	6 14
	(7 A/7 E)a

	18–21
	2 box 20 min delay
	14 12
	

	
	2 box 24 h delay
	18 9
	

	
	3 box 20 min delay
	9 11
	(3 A/8 E)a

	
	3 box 24 h delay
	6 14
	(6 A/8 E)a

	22–25
	2 box 20 min delay
	23 4
	

	
	2 box 24 h delay
	20 7
	

	
	3 box 20 min delay
	11 9
	(3 A/6 E)a

	
	3 box 24 h delay
	20 7
	(2 A/5 E)a


a

Note that in the three-box task children’s non-target errors are broken down into the number of children who chose the box acted upon by the second experimenter (A) and those children who chose the empty box (E). Immediately after this, the child was encouraged to find a toy in the same way as in the two-box condition.

For all experimental conditions, the colours and positions of the boxes used for toy placement were completely counterbalanced across subjects. The chosen box was designated as the one whose lid the child lifted first. The video records of all trials were scored both by an experimenter and by a rater who was blind to the purpose of the study. The inter-observer reliability [no. agreements 2 no. disagreements/total observations] computed from this was 1.0. 
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3. Results 

Apart from one child who stood between two boxes and opened both at once (scored as failing), all children searched in a single box. The data are presented in Table 2 and represented graphically as percentages in Fig. 1.

[image: image18.wmf] Don’t worry about statistical requirement for your report. Statistical analysis is beyond the level of this course.

 Below-chance performance was only observed in the youngest children when performing on the two-box20 min condition ( x2ð1Þ ¼ 8:33, P , 0:01). Performance did not differ significantly from chance in the middle age group under any of the conditions. In the oldest children, performance exceeded chance in the two-box20 min condition ( x2ð1Þ ¼ 13:39, P , 0:001), in the two-box24 h condition ( x2ð1Þ ¼ 6:26, P , 0:02) and in the three- J. Russell, D. Thompson / Cognition 87 (2003) B97–B105 B101 Fig. 1. Correct performance in each group expressed as percentages. box24 h condition ( x2ð2Þ ¼ 20:67, P , 0:001). Anomalously, performance on the threebox20 min condition did not differ significantly from chance ( x2ð2Þ ¼ 4:86, P . 0:05). All data were subjected to a hierarchical log linear (saturated model) statistical analysis (AGE £ TASK £ DELAY £ PERFORMANCE). This showed a final model interaction of G2ð2Þ ¼ 6:055, P ¼ 0:0484. This tells us that, although children were more likely to be successful the older they were, this did not hold true across all tasks or all delays. Subsequent chi-square analyses made specific comparisons for task, age, and delay. 

3.1. Task 

The youngest group showed no effect of task with either delay. For the two older groups relative task difficulty depended on the length of delay and on the child’s age. When presented with a 24 h delay, but not a 20 min delay, the 18–21-month-olds found the three-box task more difficult than the two-box task ( x2ð1Þ ¼ 6:14, P , 0:025). This pattern was partially reversed for the 22–25-month-olds insofar as it was the 20 min delay period on which children were more likely to be successful on the two-box than the three-box task[image: image19.wmf] Don’t worry about statistical requirement for your report. Statistical analysis is beyond the level of this course. ( x2ð1Þ ¼ 5:33, P , 0:025). Performance on the two- and three-box tasks did not differ in the 22–25-month-olds when the delay was 24 h. 
3.2. Age 

On the two-box20 min task, children aged 22–25 months performed significantly better than both the 14–17-month-olds[image: image20.wmf] Don’t worry about statistical requirement for your report. Statistical analysis is beyond the level of this course. ( x2ð1Þ ¼ 58:23, P , 0:001) and the 18–21-month-olds ( x2ð1Þ ¼ 6:31, P , 0:025). In turn, the 18–21-month-old children were more likely to search correctly than the 14–17-month-olds on that task ( x2ð1Þ ¼ 5:67, P , 0:05). The performance of the 14–17-month-olds and the 18–21-month-olds did not differ on the three-box24 h task, whereas the oldest group found this task easier than did the youngest group ( x2ð1Þ ¼ 9:16, P , 0:005) and the middle group ( x2ð1Þ ¼ 9:16, P , 0:005). There were no significant age differences on either of the two remaining tasks (two-box24 h and three-box20 min). 3.3. Delay The youngest children tested on the two-box task were more likely to be successful after the 24 h delay than after the 20 min delay ( x2ð1Þ ¼ 3:98, P , 0:05). There were no other significant differences in performance between the two delay conditions. 
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4. Discussion 

In the first place, the below-chance performance of the youngest children on the twobox20 min task suggests the presence of what might be called an associative strategy. That is to say, the children would have been searching at the location from which they had seen the toy removed because they associated it with the availability of toys. It is clear, moreover, that this association, unlike the representations underlying correct performance, weakens over 24 h, as performance on the 24 h version of the task was significantly better that that after 20 min, and at chance level, in the youngest children. It is also possible to interpret this behaviour more richly, in a Piagetian style, and say that the lack of ‘full’ object permanence in the younger children leads them to regard the box from which a toy had been removed as a cornucopia of objects – a lingering form of the misconception that is supposed to underlie failure on the A-not-B task, according to Piagetian theory.

Turning to the main issue addressed in this study, there would seem to be little in these data to justify abandoning the null hypothesis that the two-box and the three-box tasks did not differ in difficulty. While the two-box task was easier for the two older groups (in the 24 h condition in the middle group and in the 20 min condition in the oldest group) they did not differ in difficulty in the 24 h condition in the oldest group and they did not differ in difficulty at either delay in the youngest children. When set beside the fact that the threebox task included an extra possible search location, we can conclude that the trend toward its being more difficult is of little or no theoretical significance. On this assumption it is possible, for reasons given in Section 1, to explain children’s success on the two-box task in terms of their encoding of the location of the remaining toy at the time of the retrieval event rather than in terms of the recall of the event itself.

This outcome would seem to raise issues about (1) the timing of the transition to success, (2) the relation of this development to other abilities maturing at around the same time, and (3) whether these data might continue to have relevance to the later development of event memory – albeit at some remove.

With regard to the timing of the transition to success at shortly after 18 months, one is reminded that a number of other cognitive advances occur at around that time: search after invisible displacement (Piaget, 1955); sorting objects into categories and the use of tools in means-end tasks (Gopnik & Meltzoff, 1987); the naming explosion (Benedict, 1979); deferred imitation involving behavioural displays (Piaget, 1951); pretend play (Nicholich, 1977); the imitation of goal-directed actions (Meltzoff, 1995b); and mirror self-recognition (Bertenthal & Fischer, 1978). Inspired by this, one might wish to argue that location memory lasting from one day to the next is a further aspect of some domain-general cognitive advance of the kind that Piaget intended by ‘mental representation’ and ‘the symbolic function’. But while such terms have great resonance, proposing a commondenominator form of ‘representational’ advance to be explanatory across so many domains (from pantomiming acts, to naming, to medium-term location memories) is surely unlikely to prove fruitful.

There is however – moving to issue (2) – certainly scope for making a conceptual link between the development of this medium-term location memory and object permanence in the sense intended by Piaget. This latter sense can be contrasted with the kinds of capacity unearthed in dishabituation studies of permanence, named by Meltzoff and Moore (1998) as ‘identity’ and ‘representational persistence’. In the Piagetian sense, the child conceptualizes objects essentially as we do – as entities ‘external’ to the self existing within an objective spatio-temporal framework and causing our experience to be the way it is (Russell, 1995). It is possible to have such a conception without medium-term location memory, and also possible to have the memorial ability without this rich conception of objects. But while one capacity may not be a strong conceptual necessity for the other, it is more than likely that the permanence capacity developmentally grounds the memorial capacity rather than the other way about. Belief in objects’ continuing existence, while not entailing the ability to recall their exact location, will provide the child with something to remember.

Finally, with regard to issue (3), although this study did not unearth evidence for event memory in 1-year-old children, the memory capacity that it did unearth may not be without relevance to the development of episodic memory. There are a number of possible conceptual inter-dependencies here that a neo-Kantian analysis of the topic might be able to uncover (on which: Campbell, 1994). For example, appreciating the continuing existence of objects, over at least the medium term, is likely to be conceptually linked to appreciating the continuing existence of the self (Russell, 1996, part 2) on which the ‘mental time travel’ (Tulving, 1983) characterizing episodic recall must itself depend. Furthermore, the location memory revealed here implies the presence of a spatio-temporal framework within which objects can be re-encountered, something that would seem to be conceptually necessary for the recollection of experiences of them (Campbell, 1994). But however the philosophical analyses turn out, there would appear to be considerable empirical mileage in giving toddlers and older children more challenging tasks that require them not only to recall where an object was removed from but what kind of object was deposited or removed and when this happened. Similar abilities have been studied in scrub jays by Clayton and Dickinson (1998). In asking how the ability to solve such a ‘where 1 what 1 when’ task is developmentally related to the onset of episodic memory in children (as studied, say, by Perner & Ruffman, 1995) we will be able to address the controversial issue (see McCormack, 2001) of how the integration of spatial and temporal information relates to the ability to construct an episodic trace. 
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