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Abstract

This paper describes an experiment that continues a line of research on blending between episodes in Long Term Memory as result of interactions with reasoning. Previous experiments (Kokinov & Zareva, 2001, Zareva & Kokinov, 2003) established that a double analogy of a target onto two different bases produces blending between these two bases. However, the possibility remains that analogy-making is not really necessary for this phenomenon to emerge. Simply re-activating the two bases at some point of time may produce the same effect. The experiment described in this paper rules out this possibility. It demonstrates that simple co-activation is not enough for producing a blending effect. The experiment tests also the blending effect with new stimulus material: geometric configurations (in contrast with the complicated tales used in the previous experiments).

Introduction

The interest in research on memory distortions has grown considerably because they shed light on the mechanisms underlying human memory (Loftus, 1979/1996; Loftus, Feldman, & Dashiell, 1995; Neisser, 1998; Roediger & McDermott, 1995; 2000; Roediger, 1996; Moscovitch, 1995; Reinitz, Lammers, & Cochran, 1992; Schacter, 1995, 1999; Schacter, Koutstaal, Norman, 1997, Schacter, Norman, Koutstaal, 1998, Koriat, Goldsmith, Pansky, 2000; Goldsmith, Koriat, & Weinberg-Eliezer, 2002). Since the pioneering work of Elizabeth Loftus (1977, 1979/1996) and her colleagues (Loftus, Feldman, & Dashiell, 1995) research has been concentrated on blending of highly similar episodes, i.e. episodes which differ in a few details. 

The experiment reported here extends a line of research  initiated by the AMBR research group (Kokinov, 1998; Kokinov & Petrov, 2001; Kokinov & Zareva-Toncheva, 2001, Zareva-Toncheva & Kokinov, 2003). A characteristic feature of this approach is the integration of memory and reasoning in the experimental tasks. Thus the reasoning task (analogical problem solving in this case) establishes new direct and indirect links between the representations of the two episodes in Long Term Memory which later on result in blending. 
Kokinov & Zareva-Toncheva (2001) and Zareva-Toncheva & Kokinov (2003) demonstrated that quite dissimilar episodes can be blended if they have participated in a double analogy with a third one. Each of these experiments consisted of three sessions. In the first session participants solved several problems and hold them in their LTM as a side effect.  The experimental manipulation always took place in the second session where the participants were divided into two groups and received different target problems to solve. The solution of each target problem required a double analogy to be made with two of the base problems. In the third session the participants were asked to retell the base problems from the first session as accurate and detailed as possible. The degree of blending in the recalled stories was measured and it turned out that more blends were produced between those two base problems, whose elements were integrated into the solution of the particular target problem given in the second session. Our interpretation was that the blending effect occurred because of the double analogy the participants made in session 2.
It is, however, also possible that this blending effect is due to the simple co-activation of two base problems in WM caused by the target problem. In other words the blending effect might be due to this joint activation rather than to the integrative manipulation of the double analogy. In order to test this possibility a new experiment was designed. In this experiment we have added a new experimental condition in which participants solved two separate analogies during the second session. If our hypothesis about the role of analogy-making in producing memory blends is correct, we should expect a higher degree of blending in the traditional double analogy condition than in the new single analogy condition. A second change in the experimental design has been made – the stimulus material has been radically altered. In all previous experiments we have used complex verbal material – all problems were designed as fairy tales. This made the experiments more natural and therefore ecologically valid, however, it brought in the issues of linguistic interpretation of ambiguous phrases in the protocols, of the use of complex narrative schemas by the participants, of the intrusions of general knowledge, etc. In order to minimize the possibilities for subjective interpretation and for the use of general knowledge, we decided to use abstract geometric configurations in this experiment. The change from narratives to geometric configurations was challenging enough to test the replicabability of the experimental data.

Method

In this experiment the participants were asked to solve two base problems (we will refer to them as A and B). Afterwards the participants were divided into three different groups and different target problems were given in each group. Each group corresponded to a specific experimental condition (Figure 1). 
The first condition was called Double-analogy condition. In this condition the participants solved two problems during the second session: one requiring a double analogy to be made with both base problems from the fist session (this target problem is called TAB in our description of the experiment), and another distracter problem (not related to A and B and called C1). 
The second condition was called Single-analogy condition. The participants assigned to this condition had to solve two different target problems each of them separately analogous to one of the base problems. In other words, in order to solve target problem TA one would need to make single analogy with base problem A, and respectively, in order to solve target problem TB one would need to make a single analogy with base problem B. 
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Figure 1. Design of the experiment:
The third condition was called Non-analogy condition. The participants had to solve two target problems (C1 and C2) non of them analogous to any of the base problems. 
If the blending effect was really due to the establishment of mapping relations between the two bases rather than to joint activation of the two bases in WM and possibly forming only associative links between them, then the double analogy condition should produce higher blending than the single analogy condition. If co-activation also plays a role the single analogy condition should produce still more blends than the non-analogy condition.
Design

We used a between group design in this experiment. The independent variable was the type of target problems solved in session 2 and had three levels: double analogy, single analogy, and non-analogy condition. The dependent variable was the occurrence of blending during the recollection of the base problems in session 3. The definition of blending in this case was the reconstruction of a base problem where rules originating from two different base problems had been mixed.

Procedure

The experiment consisted of three sessions:
· Session 1 – the participants had to solve two base problems (A and B)
· Session 2 – the participants had to solve two more problems (which differed in the various experimental conditions)
· Session 3 – the participants had to recall the two problems in session 1.
During the first session participants were told that they would undergo a series of experiments on human thinking and have to solve various problems. The problems were given one by one without time restriction. If the participants could not find the solution, the experimenter gave them a hint and encouraged them to think further. Independently of the final solution given by the participants, the experimenter provided them with the targeted one. The aim of this procedure was to ensure that all participants will learn the solution rules and also to remember the labyrinths (as a side effects, remembering was not part of the instruction). At the end of the first session all participants were asked to count aloud backwards from 100 jumping over 2 numbers (100, 97, 94, 91, …) for 3 minutes. This procedure had to ensure that the participants will not hold the base problems in WM and will have to retrieve them from LTM during the next session. 
The second session followed immediately after that. The participants were again presented with a drawing of a labyrinth and were asked to find a path leading from its start to its exit. The second session was run again individually. No help or hints were given here. At the end of the second session the participants were asked to count aloud backwards from 50 jumping over 2 numbers for another 3 minutes. This procedure had to ensure that the labyrinths will not remain in WM and therefore will be recalled (reconstructed) from LTM if necessary.
The third session followed immediately after that. During this session the participants were asked to redraw as accurate and complete as possible both labyrinths from the very first session. They were presented with white sheets of paper and color pens. On each sheet there was an empty grid of 9 cells that the participants had to fill in with the specific figures. Participants were strongly encouraged to fill with figures all nine empty cells of the grid and to write down an explanation of how they reconstructed the figures. 
Stimuli

We used spatially arranged geometrical figures as stimulus material in this experiment. The participants were told they should imagine that each drawing on the sheet represents a labyrinth with an entrance and an exit. One could reach the exit by following one or two different paths starting from the entrance. Each of these paths was based on a particular formal rule which describes it.  The participants were asked to discover both the path(s) and the corresponding rule(s). They are allowed to move only horizontally or vertically, but not diagonally, through the labyrinth. 
Base problem A (Figure 2) was a labyrinth which had two different paths: the first path was based on rule RA1 – “follow the identical triangles”, and the second path was based on rule RA2 “follow the 90 degree rotation of the figure”. 
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Figure 2. Base Problem A: RA1- “follow the identical triangles”; RA2 - “follow the 90 degree rotation of the figure”.
Base problem B (Figure 3) was a labyrinth which had also two different paths: the first path was based on rule RB3 – “follow the alternating open/close pattern of the figure”, and the second path was based on rule RB4 “follow the sink/emerge movement of the triangle within the figure”. 
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Figure 3. Base Problem B: RB3- “follow the alternating open/close pattern of the figure”; RB4 - “follow the sink/emerge movement of the triangle within the figure”.
The target problem TAB (Figure 4) in the Double analogy condition contained only one path, which lead from the entrance to the exit. This path can be described as an integrated application of rule RA2 from base A and rule RB3 from base B. 
[image: image4.wmf]
Figure 4. Target Problem TAB: “follow the 90 degree rotation of the figure” (RA2) and at the same time  “follow the alternating open/close pattern of the figure” (RB3).
The second target problem in this condition (TC1) was not analogous to any of the base problems (Figure 5).
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Figure 5. Target Problem TC1: “follow the double figures” (RC1).
Target problem TA (Figure 6) in the Single-analogy condition was analogous to problem A using one of its rules (RA2). Similarly, target problem TB (Figure 7) was analogous to problem B using one of its rules (RB3).
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Figure 6. Target Problem TA: RA2 - “follow the 90 degree rotation of the figure”.
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Figure 7. Target Problem TB: RB3- “follow the alternating open/close pattern of the figure”
In the Control condition the target problems TC1 (Figure 5) and TC2 (Figure 8) were not analogous to any of the base problems.
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Figure 8. Target Problem TC2: RC2 – “follow the inside/outside alternation of the relation between the square and triangle”.
Participants
120 participants took part in the experiment. Part of them were enrolled in introductory psychology courses at the New Bulgarian University and participated for course credits. Another part consisted of students from different departments, which were paid for their participation. Their age varied from 19 to 33 years. 66 of the participants were female and 54 male. 
RESULTS

The protocols from the third session (containing the reconstructed labyrinths from the first session and their explanation) were used as the main data set. They were analyzed by two independent judges who encoded the rules used in the reconstruction of the labyrinths. Where an ambiguity was encountered they compared the reconstructed labyrinth with the explanations of the participants and decided which rule has been applied. The encoding of the two judges was compared by a third judge and when discrepancies were found he/she decided on the final encoding. The encoding of the protocols was blind (i.e. the judges did not know the hypotheses and which group the protocol came from).
When a reconstructed labyrinth consisted of two rules taken from two different bases this was a potential case of blending. However, if the two rules were jointly applied in the target problem, there is a chance that the base was blended with the target, rather than with the other base. To play it safe, we disregarded these cases and counted only those blends, which are clearly between the bases. In this way we acted in a quite conservative way. For example, if the reconstructed labyrinth was based on rules RA2 and RB3 this could be direct recall of the target problem TAB and cannot be counted as a blend between A and B. For that reason we counted as blends only the remaining combinations of rules which do not appear in any target: RA1&RB4, RA2&RB4, RA1&RB3. Thus the particular protocol received a value 1 of the dependent variable “blending” if at least one of the above combinations of rules appeared in it.
 Since we were interested in the effect of the double analogy, we analyzed the data from only those participants in the corresponding experimental group, who solved the target problem (i.e. made the double analogy successfully). Analogously, in the single analogy group we analyzed the data only for those participants who solved both target problems TA and TB and thus made both single analogies.
The results of the experiment are presented in Table 1 (frequences of blending in each group) as well in Figure 9 (the percentage of blending in each group). The group effect is significant (χ2=20,786, df=2, p=0.000). The pairwise comparison demonstrated that the blends in the double analogy group were significantly more than in each of the other groups (Double Group versus Single Group, χ2=9.84, df=1, p=0,002; Double Group versus Control Group χ2=17.96, df=1, p=0,000).

	Group
	# of blends
	# of participants

	Double analogy
	14
	24

	Single analogy
	3
	22


	Control
	8
	60


Table 1. Frequency of blending cases. The group effect measured by the Pearson-Chi-Square test was χ2=20,786, df=2, p=0.000

[image: image9.wmf]Figure 9. Percentage of blends in each group.
The results clearly confirm the main hypothesis that the blending effect is significantly higher in the double analogy group than in the single analogy group (more than 4 times higher). Moreover, the single analogy group do not differ from the control group. 
DISCUSSION

The results of this experiment demonstrated that blending is not due to simple co-activation of the two episodes in Working Memory, but rather requires a more elaborate integrative processing as for example, the double analogy in the current experiment. This integrative processing is most probably building additional links between the representations of the two episodes, which links are later on used in recall for activating both episodes, and thus competition between their elements emerge. In some cases this competition results in a mixture of elements of the two episodes and blending occurs. Additionally, this experiment replicated the blending phenomena with spatial configurations and thus extended the applicability of the results.
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