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Abstract

This study examined the formal structure of explanatory elaboration through an analysis of the cognitive processes that take place during elaboration construction.  Using conceptual blending theory to model explanatory elaboration, two components, precision and explicitness, were found to aid in recall.

Effective Explanatory Elaboration

When learning about relationships between two initially unrelated concepts, an explanation which elaborates on the nature of the relationship can lead to the retention of information and possibly better understanding.  Previous literature indicates that elaboration can assist in integrating concepts and in recalling the new knowledge at a later time.  Originally proposed by Stein, Littlefield, Bransford, & Persampieri (1984), the process of explanatory elaboration can be implemented to facilitate integration and retention by diminishing the arbitrary relationship between concepts.  For example, the base sentence “The short man bought the broom,” holds an arbitrary relationship between the short man and bought the broom.  By providing an explanatory clausal phrase, the arbitrariness of the base sentence is diminished by elaborating upon the relationship: “The short man bought the broom to operate the light switch.”  Here, the man described as short is using the broom to reach a light switch generates a clear picture of the relationship between the short man and bought the broom.  The original study (Stein et al., 1984) showed that explanatory elaboration could aid in a recall test with low retrieval conditions where the task is to supply the adjective given only “The ______ man bought the broom.”  This study suggests that when explaining a new relationship in a learning environment, an explanation should decrease the initial arbitrariness of the relationship for later recall.


However, the literature has not been one-sided on the effectiveness of this phenomenon.  Other research has found results suggesting that explanatory elaborations are not as robust as suggested by Stein et al’s (1984) study.  Pressley, McDaniel, Turnure, Wood, & Ahmad (1987) found only slight memory advantages for explanatory elaboration and suggested that explanatory elaborations are limited and fragile.  Specifically, subject generated elaborations were found to better enhance memory than experimenter imposed elaborations, which had only slight memory improvements.  These conflicting views were examined by Cherry, Park, Frieske, & Rowley (1993) who partially reconciled the two sides through a post hoc analysis of the stimulus materials.  This analysis found that the frequency of target words and the degree of complexity in target word morphology could be important factors in the robustness of an explanatory elaboration.  Cherry et al. (1993) used stimulus material with lower word frequency and more complex morphology than used by Stein et al., and found an overall decrease in the effectiveness of explanatory elaboration.  The study also suggested that syntactic complexity might play a role in the effectiveness of an elaboration.  While these linguistic elements explain some of the differences between studies, the difference between low and high retrieval conditions still contains conflicting evidence between studies.  This study was unable to replicate low retrieval conditions found by Stein et al. (1984) where the base sentence is the only stimulus used during the recall test.  Further research has also found that low retrieval conditions produce worse results than high retrieval conditions (Cherry, Park, Frieske, & Smith, 1996; Cherry, Njardvik, & Dawson, 2000).  While these studies have given some insight into the surface level constraints of explanatory elaborations, still unexplained is how the elements involved in explanatory elaboration are brought together to make the explanation effective.


The current study addressed the question of what makes an effective explanatory elaboration by analyzing the cognitive processes that take place during the learning phase.  By noting certain governing principles that constrain the effectiveness of explanatory elaborations, formal properties of the explanatory clause were explored.  Since it is these properties that affect the relationship of the initially arbitrary information in the base sentence, certain formal categories should perform better on a recall task than others, perhaps accounting for the differences between studies.

To analyze the structure of explanatory elaboration, this study will employ conceptual blending theory, a cognitive linguistic model posed by Fauconnier & Turner (1998) that examines a broad range of cognitive phenomena through mental spaces.  A mental space is a mental representation of semantic elements and the relationships between them.  A conceptual blend identifies the different ways in which aspects of two or more mental spaces integrate together during meaning construction.  Studies in conceptual blending have examined diverse phenomena including analogy, metaphor, conceptual combination, inhibition, spreading activation, and binding (Coulson, 1996; Coulson, 2001; Coulson & Fauconnier, 1999; Coulson & Matlock, 2001; Grady, 2000; Veale & O’Donoghue, 2000).  Current psychological research is limited, but the theory provides promise to psychological analysis (Gibbs, 2000).  It presents three overarching mechanisms that come on-line during meaning construction: composition, how an element in one mental space forms relations to other elements; completion, a mechanism that pulls in long-term memory to help complete patterns during the integration process; and elaboration, a simulation of the dynamic events in a blend.  While this current paper focuses on completion, all three mechanisms are present when constructing a blend.


By examining the mechanisms posited by conceptual blending theory, a model for explanatory elaboration will be constructed and explored.  The mechanisms posited to constrain blending are drawn from Fauconnier & Turner’s (2002) governing principles.  The relevance principle has been greatly highlighted in previous research.  It asks a blend to include only relevant elements and to make connections between mental spaces that are meaningful.  The connections between mental spaces should also have corresponding relationships in the blended space (Fauconnier & Turner, 2002).  This principle points at the need to eliminate arbitrariness in a space, the original motivation for Stein et al.’s study.  Here the relations between mental spaces refer to the connections between elements in the base sentence to corresponding elements in the explanatory clause (see Figure 1).  From a review of the stimulus materials, most precise/explanatory elaborations created the appropriate connections between the base sentence space and the explanatory clausal space to eliminate arbitrariness, whereas imprecise/arbitrary elaborations did not create these connections.

Another governing principle that has been discussed is pattern-completion. The pattern-completion principle says that a blend can pull in previously integrated spaces to complete the integration of the blend.  Called a completing frame, this space is drawn from memory and has relation scenarios that can facilitate integration (Fauconnier & Turner, 2002). As previously discussed in the literature, this principle suggests that prior knowledge should be brought into the blend to produce a more salient blend (see Figure 2).

While previous studies have indirectly used all three governing principles in their stimulus material, no study has differentiated between these two principles to examine their individual contributions to overall effectiveness.

Examination of Previous Stimulus Material

A formal analysis of the previous stimulus materials under the governing principles generated two important axes for explanatory elaboration.  One axis, precision, is related to the relevance principle.  In a precise elaboration, the explanatory clause aligns elements of the base sentence to related elements in the clausal phrase which guides general sentence integration and meaning construction.  Since all the base sentences in this study contain two elements, there are two forms of precision: adjective precision and action precision.  In the sentence, “The bald man used the telephone to call about the hat sale,” the elements the hat sale and the bald man form an adjective precision and used the telephone and to call form an action precision.  Imprecision occurs when an elaboration does not align with the base sentence elements, breaking down the pathways which aid in meaning construction.  In the sentence “The bald man used the telephone to call the moving company,” the elements used the telephone and to call are still action precise but the bald man does not align nor does the moving company, making this elaboration adjective imprecise.  Due to this imprecision, the elaboration fails to generate a full sense of relevance between elements in the base sentence.


Another axis to be examined is explicitness in explanatory elaboration.  In some instances, the context of the explanatory clause explicitly establishes a relevant contextual frame as per the pattern-completion principle.  In the sentence “The dusty man held the rope and lassoed the wild calf,” there is precision between the elements held the rope and lassoed, but the elements the dusty man and the wild calf have no precise relationship.  However, a reader’s previous knowledge of a ranch or rodeo can pull in relations between the dusty man and the wild calf as a scenario, thereby integrating those two elements and eliminating the arbitrariness in the base sentence.  A non-explicit elaboration does not establish a clear context for the reader.  In the sentence “The jumping man slapped his leg as the hornets flew around him,” the completing frame being called in the explanatory phrase is ‘stung by a hornet,’ but this frame does not contain the jumping man, therefore, this element does not integrated for the reader.  A better explanatory clause for the man might have been ‘while doing a line dance’, which gives a completing frame that includes both the jumping man and slapping his leg.

An overall theoretical account of the on-line construction of explanatory elaboration is shown in Figure 3.  As the base sentence is read, a mental space is constructed to represent the information in the sentence.  At the grammatical marker indicating the start of a clause or phrase, the reader begins the construction of a second mental space.  The clausal explanatory phrase is then read, generating the information in this second space.  Elements begin to align across the two spaces, and the information between the base sentence and its explanation blends to generate a new mental space.  It is at this level that precision between elements of the base sentence and those in the explanatory clause should guide the integration of the blend.  Once the first blend is generated, the reader may align a completing frame, i.e. some past scenario, to further integrate the sentence.  Thus elements in the blended space will align to elements in a completing frame, giving a more complete explanation.

Experiment 1

This experiment examined how subjects generate explanatory elaborations.  Motivated in response to finding that subject generated elaborations preformed better than experimenter provided elaborations (Stein & Bransford, 1979; Stein et al., 1982; Pressley et al., 1987), this study examined the formal categories produced by subjects and how effective each category was in recall.

Method

Subjects

Thirty-four Tennessee Technological University undergraduates volunteered to participate from introductory psychology classes.  The subjects were given extra credit for participation.

Materials

Twenty sentences taken from Stein et al. (1984), Stein, Brock, & Ballard (1987), and Cherry et al. (1993) were used as the base sentences.  Subjects were given experimental packets each containing 7 pages, including an informed consent, instructions, two subject response pages, a stop page, a recall page, and a debriefing statement.

Design and Procedure

 Subjects were each given an experimental packet and asked to read the informed consent and sign if they consented to the experiment.  Subjects were then asked to read the instructions after which the experimenter summarized and answered any questions concerning the procedure.  Subjects were asked to read the base sentences and then complete the sentence with a clausal phrase that would help them remember the sentence.  Subjects were also asked to rate how memorizable they thought the completed sentence was on a Liker-type scale from Very Unmemorizable (1) to Very Memorizable (5).  Each base sentence was presented for 30 seconds.  After all 20 base sentences had been given, a distracter task was preformed asking subjects to start at 700 and continually subtract by 3 until asked to stop.  This task lasted for 30 seconds.  The subjects were then given a recall test in which they were presented with the 20 base sentences with a blank in place of the target adjective and were asked to write down the missing adjective in the appropriate blank.  Each base sentence minus its target adjective was presented for 7 seconds.  Subjects were then asked to read the debriefing statement and when completed, to turn in the packet.  Any further questions were answered at this time.

Results

Scoring


The elaborations generated by the subjects were each reviewed by two independent judges.  The judges were given three yes/no questions to answer for each elaboration: 1) Is the type of man directly referenced by this clause? (Adjective Precision), 2) Is the action directly referenced by the clause? (Action Precision), and 3) Does the elaboration give a context for why this type of man is performing this action? (Explicitness).  The judges agreed on each question 76.18% of the time.  The experimenter decided those questions not agreed on by the judges.  
Preliminary Analysis

 The judges’ responses were used to generate eight formal categories of elaboration (see Table 1): Full Explicit (FE), Adjective Explicit (AdjE), Action Explicit (ActE), Explicit (Exp); Full Non-Explicit (FNE), Adjective Non-Explicit (AdjNE), Action Non-Explicit (ActNE), and Imprecise (Imp).  Due to subjects misunderstanding instructions or leaving items blank, only 633 of the 680 possible elaborations could be categorized.  The frequency and percentage of elaborations in each category are shown in Table 2.  To isolate the effects of precision, the eight elaborative categories were collapsed into four precision categories: Full (FE, FNE), Adjective (AdjE, AdjNE), Action (ActE, ActNE), and Imprecise (Exp, Imp).  To isolate the effects of explicitness, the eight elaborative categories were collapsed into three explicitness categories: Explicit (FE, AdjE, ActE Exp), Non-Explicit (FNE, AdjNE, ActNE), and Imprecise (Imp).  These categories were analyzed to further explore precision and explicitness as significant components of memorizability and recall.

Analysis of Memorizability

 Conditional average memorizability scores were calculated for each precision and explicitness category for each subject by averaging the memorizability score over each elaborative category.  A four group within subjects analysis of variance was preformed on the memorizability scores for each subject.  No significant difference was found between precision categories, F(3,84)=1.90, p<0.137, MSe=0.75 (see Figure 4).  A three group within subjects analysis of variance was preformed on the memorizability scores for each subject to determine the effects of explicitness.  No significant difference was found between explicitness categories, F(2,34)=0.19, p<0.830, MSe=1.07 (see Figure 5).

Analysis of Recall by Precision Category

 Conditional recall percentage scores were calculated for each precision category for each subject by a ratio of the number of correctly recalled target adjectives by the subject in each category over the total number of elaborations generated by the subject in the category.  A four group within subjects analysis of variance was preformed on the recall scores for each subject to determine the effects of precision.  There was a significant difference between precision categories, F(3,84)=3.35, p<0.023, MSe=0.07 (see Figure 6).  A t-test was used to examine the differences between means for full and imprecise categories.  Elaborations judged full preformed significantly better on recall than those judged imprecise, t(84)=3.080, p<0.05.

Analysis of Recall by Explicitness Category

Conditional recall percentage scores were calculated for explicitness categories as above.  A three group within subjects analysis of variance was preformed on the recall scores for each subject to determine the effects of explicitness.  There was a significant difference between explicitness categories, F(2,64)=10.88, p<0.001, MSe=0.05 (see Figure 7).  Dunn’s multiple comparison procedure was used to examine differences between means.  Elaborations judged explicit preformed significantly better on recall than those judged non-explicit, t1(64)=2.543, p<0.05.  Elaborations judged explicit also preformed significantly better on recall than those judged imprecise, t1(64)=4.632, p<0.05.

Discussion

When explaining the relationship between two concepts, certain factors come into play that assist in meaning construction.  Making a sentence more meaningful can also facilitate in retention and recall of information.  While precision and explicitness both play significant roles in explanatory elaboration, this study found that general awareness of their effects in explanation construction is not well understood.


The analysis of memorizability indicates that neither precision nor explicitness is related to an individual’s judgment of his elaboration.  However, both of these factors played significant roles in a person’s recall, demonstrating the subjects’ lack of awareness of the formal elements that go into making an effective explanatory elaboration.  When constructing an explanation, there are metacognitive decisions to be made that were not noticed by subjects.  Past research (Pressley et al., 1987; Stein & Bransford, 1979; Stein et al., 1982) has examined how subjects retained information when given questions to ask themselves about the initial base sentences.  These methods have improved recall, indicating that further instruction could help subjects generate more effective explanations by making the subject more aware of this metacognitive level.  


Elaborations that were fully precise (judged with both adjective and action precision) preformed better than those that had no precision on recall, indicating that the number of precisions in the sentence effects a person’s recall.  Precision works at the surface level of the sentence through integration of direct relationships; therefore, the more precise elaborations present in a sentence, the better overall sentence integration.  Since the elements being explained are directly aligned to elements in the explanation, the surface of the explanation gives a more complete description of the relationship between the concepts.


Explicit elaborations preformed better than both non-explicit and imprecise elaborations.  When a person pulls in a completing frame from their memory, the arbitrariness of the original elements is resolved by aligning to a context.  This contextual information appears to be a powerful formal element at work in the recall of initially arbitrary concepts.  This subtle effect need not have precise elements because elements can align to the completing frame which has a richer network of previously learned associations and relationships.  Elements aligned to a completing frame are then able to further integrate through these previous connections.  Completing frames might also generate a mental image of the relationship between subject and object.  As indicated by Stein et al. (1987) and Cherry et al. (1996), imagery can be a powerful form of explanatory elaboration, but further research in this area could examine mental imagery as an underlying process of elaborative explanation.

The effects between precision and explicitness also appear to be related.  Of specific interest, the FNE category appears to be a purely theoretical construct.  The difference between the frequency of FE and FNE categories (1 and 98 respectively) indicates that when both the type of man and the action being preformed were precisely aligned to the explanatory clause, there was an extreme bias for that elaboration to also be judged explicit.  Here, indirect effects of precision could be at play in calling upon a completing frame and making an effective elaboration.  It is possible that as the number of precise elaborations increases, a completing frame with similar alignments is more easily associated for the reader.  Future research might examine the effects of explicit versus non-explicit construction between all four precision-typed categories to determine further biases in elaborative construction.

To further examine the observed versus theoretical category differences, another future approach might include factor analysis to see if elaborations themselves fall into certain classifications.  Here, the number of classifications would be extremely important in identifying possible reformulations of the formal theory behind explanatory elaboration.
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Appendix A: Stimulus Materials

From Cherry et al.:

The grimacing man held the cheese.

The jumping man slapped his leg.

The wet man carried the pan.

The dusty man held the rope.

The smiling man stepped on an envelope.

The robed man held the folder.

The frozen man took the umbrella.

The bald man looked at the floor.

The shaking man held the strap.

From Stein et al.:

The short man bought the broom.

The old man used the paint.

The fat man looked at the warning.

The funny man bought a ring.

The smart man used the charcoal.

The big-footed man bought some signs.

The strong man talked to the woman.

The thin man picked up the scissors.

The bald man used the telephone.

The tall man bought the crackers. 
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	Table 1

Construction of the Elaborative Categories

	
	Adjective Precision
	Action Precision
	Explicitness

	Full Explicit (FE)
	Yes
	Yes
	Yes

	Adjective Explicit (AdjE)
	Yes
	No
	Yes

	Action Explicit (ActE)
	No
	Yes
	Yes

	Explicit (Exp)
	No
	No
	Yes

	Full Non-Explicit (FNE)
	Yes
	Yes
	No

	Adjective Non-Explicit (AdjNE)
	Yes
	No
	No

	Action Non-Explicit (ActNE)
	No
	Yes
	No

	Imprecise (Imp)
	No
	No
	No


	Table 2

Frequency and Percentage of Elaborative Types

	Elaborative Type
	Full
	Adjective
	Action
	Imprecise

	
	Explicit

	Frequency
	98
	54
	46
	42

	Percentage (%)
	15.5
	8.5
	7.3
	6.6

	
	Non-Explicit

	Frequency
	1
	22
	219
	151

	Percentage (%)
	0.2
	3.5
	34.6
	23.9
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