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ABSTRACT

RECOGNITION, RECALL, AND MENTAL MODELS

BY

Gabriel Allen Radvansky

Previous experiments investigating the influence of mental model

organizations on memory retrieval have concentrated on recognition

methods. The experiments reported in this dissertation assess the

utility of recall methods for investigating such organizations.

Experiments 1 and 2 found that recognition showed differential

organization patterns based on information content (location-based

for object-location facts, such as "The potted palm is in the high

school, and person-based for person-small location facts, such as

"The farmer is in the telephone booth”) whereas free recall

consistently showed only location-based organization. Experiments

3-5 explored factors that could contribute to the recall-

recognition dissociation. Experiment 3 used cued recognition and

found partial evidence in support of the earlier recognition

results. Experiment 4 found a location-based bias in explicit

organization. Finally, in Experiment 5, cued recall supported the

recognition data. Voice onset times showed evidence of the

presumed mental model organizations, although production times

were not definitive. In general, Experiments 3-5 suggest that

memory measures that use direct memory access more accurately

reflect the underlying mental representation's structure than

tasks that are prone to reflect the structure of a retrieval plan.
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CHAPTER 1

INTRODUCTION

The work reported in this dissertation extends a series of

studies investigating the role of mental models (Johnson-Laird,

1983) in memory retrieval. Specifically, it concentrates on

whether recall measures can be used to assess the mental model

theory of knowledge organization, and retrieval. The structure of

this dissertation is as follows: First, a brief review of the

mental model literature is presented, with an emphasis on those

aspects relevant to the current work. Following this, a more in-

depth review of completed experiments investigating mental models

in fact retrieval is given to illustrate the successes of the

mental model view in predicting how facts are organized in memory

and how this organization affects retrieval. Next, the SAM model

of memory (e.g., Raaijamakers & Shiffrin, 1981) is briefly

described and adopted as the framework for considering the

processes involved in the recall and recognition of information

stored in mental models. After this exposition, a series of

experiments exploring the access of information in mental models

through recall and recognition is presented‘.

 

1Although the thrust of this dissertation is a comparison of the

differential properties of recall and recognition with respect to the

retrieval of information from mental models, this was not always the

case. Originally the focus of this dissertation was to test whether the

organization of mental models is guided by properties other than spatial

1



Mental Models

Mental models (Johnson-Laird, 1983) are representations of

specific situations involving real or possible states of the

world. Each situational representation is assumed to derive from,

and to represent, the functional relations between elements in the

world such that "its structure corresponds to the structure of the

situation that it represents” (Johnson-Laird, 1989, p. 488). A

mental model is an analogue to certain aspects of the world in the

head serving as a "high grade simulation” (Johnson-Laird, l983,'p.

4). Mental models are updated as subsequent information about a

situation is gained. This includes either the integration of new

information into the mental model (e.g., Ehrlich & Johnson-Laird,

1982) or the removal of information that is no longer a part of

the situation (e.g., Glenberg, Meyer, & Lindem, 1987). A person's

general world knowledge serves to guide this updating process.

Any new information that is encountered that cannot be integrated

into, or is irrelevant with respect to, any existing mental model

will be used to create a new and separate mental model.

Although a complete definition of exactly what a mental

model is has not been fully developed (Glenberg, et al., 1987;

 

relations, in particular, temporal and abstract relations, such as

ownership. This was to be done within the general framework of

situations being interpretable as either states-of-affairs or courses-

of-events (Barwise & Perry, 1983). The method for testing these notions

was to be free recall in which the order of item recall was to reflect

the internal organization of the mental model. In particular, course-

of-events situations were expected to be more unidirectionally

structured, as though being based on a timeline. It was during the

initial stages of this investigation that it was discovered that recall

and recognition demonstrated basic differences in the observed

organizational patterns. As a result, the course of this dissertation

was altered to pursue this difference.



Johnson-Laird, 1989), the mental model construct is useful in

helping to understand how information is organized in memory.

This theoretical construct can then be used to make predictions

about how the mental model organization affects various cognitive

processes such as knowledge integration (Ehrlich & Johnson-Laird,

1982), inference making (Byrne & Johnson-Laird, 1989), and fact

retrieval (Radvansky & Zacks, 1991).

Research on Mental Models

A great deal of mental model research in memory and language

comprehension has centered on how the relational structure of the

mental model affects learning, memory and retrieval. For example,

I (Radvansky, Spieler, & lacks, in press; Radvansky & Zacks, 1991)

have studied how general aspects of organization affect the access

of information from mental models containing spatial information.

Other researchers investigating mental models have been concerned

with the access of information based on the described spatial

position of a protagonist in a passage (Albrecht & O'Brien, 1991;

Bower & Morrow, 1990; Franklin & Tversky, 1990) or the distance

between different objects mentioned in the text (Glenberg, et

al., 1987; Morrow, Bower, & Greenspan, 1988; Morrow, Greenspan, &

Bower, 1987; Wilson, Rinck, McNamara, Bower & Morrow, 1992). In

general, mental models do show spatial organization effects which

incorporate properties such as distance, environmental structures,

such as rooms in a building, and a protagonist's path of travel,

so long as the measurement task encourages taking the perspective

of the protagonist (Wilson et a1. 1992).

Other studies have looked at how the arrangement of objects



in a description influences the creation of mental models and the

access of information from them. In general, different types of

descriptions of the same relational structure, such as a route or

survey description of a fictional town, lead to equivalently

structured mental models (Perrig & Kintsch, 1985; Taylor &

Tversky, 1992). However, the amount of effort needed to construct

a mental model is mediated by the degree of referential continuity

between successive statements in a description (Ehrlich & Johnson-

Laird, 1982; Mani & Johnson-Laird, 1982), the number of possible

arrangements of objects (Byrne & Johnson-Laird, 1989) and the

correspondence with an external abstract reference, such as a

diagram (Glenberg & Langston, 1992).

Once the mental model has been created, the functional

relations between the protagonist and the other objects can serve

to guide information access from either a single perspective

(Bryant, Tversky, & Franklin, 1992; Franklin & Tversky, 1990;

Sharp & McNamara, 1990), or an alternative perspective when a

switch in point of view is needed (Franklin, Tversky, & Coon, in

press). For instance, people are able to access information about

which object is directly in front of a story protagonist faster

than information about which object is to the left of the

protagonist. This is because a person is more likely to interact

with things that are directly in front of him/her, than with some

other object.

Differing relations among entities can guide not only the

creation of spatial mental models, but also temporal mental

models. There has been some research on how temporal distances



affect the structure or organization of information (Anderson,

Garrod & Sanford, 1983; Sanford & Garrod, 1981). In particular,

people are more likely to consider that a large time change is

consistent with more than one situation, and that a short time

change is consistent with different aspects of a single situation.

However, mental models conveying temporal relations may not

necessarily incorporate spatial aspects as well. Franklin et al.

(in press) presented subjects with narratives about a person being

in a location at two different times (either 1 or 6 hours apart).

After reading a narrative, subjects were asked to indicate which

object was in a given direction from the person at a certain time.

Previous experiments that did not use different time periods

(e.g., Franklin & Tversky, 1990) demonstrated spatial direction

effects. Subjects in this experiment identified objects from the

first time period faster than the second, indicating a temporal

ordering; however, this occurred in the absence of spatial

direction effects, suggesting that a single, temporally organized

mental model was created which lacked spatial characteristics.

A major claim of the mental model view is that mental models

represent what a text is about, its gist, rather than the text

itself. For example, when people attempt to select between a

previously encountered sentence and a distractor which describes

the same situation, they select the distractor more often,

relative to conditions in which similarly altered distractors

describe different situations (Bransford, Barclay, & Franks, 1972;

Garnham, 1981; 1987; Radvansky, Gerard, Zacks, & Hasher, 1990).

For example, people are more likely to confuse sentences such as



”The judge got his contact lenses from the Optician" and "The

judge got his contact lenses at the optician's”, than sentence

pairs such as ”The judge received a telegram from the Optician"

and "The judge received a telegram at the optician's'. This is

because people are unlikely to receive telegrams from other people

when they share a common location as part of a single situation.

In general, this research has provided evidence for mental

models representations which capture the functional relations

among entities in various types of situations. The structure and

organization of these representations are separate from the

structure and form of the original input information. This can be

seen by the variety of ways in which information access is

mediated by mental model structure. What is of central concern

for this dissertation is how these mental model organizations are

revealed in the process of information retrieval for recall and

recognition.

Previous Experiments on Mental Models and Fact Retrieval

The experiments described in this dissertation stem from a

series of studies investigating the role of mental models in fact

retrieval (Radvansky et al., in press; Radvansky & Zacks, 1991;

Zacks, Radvansky, & Masher, in progress). The initial impetus of

this investigation was a consideration of whether the structure of

the representation used in fact retrieval more closely resembled a

mental model or a propositional network, such as in the ACT* model

of memory (Anderson, 1983), and how the memory organization

affected the retrieval process. This comparison of propositional

and mental model representations is a common theme in a number of



discussions of the plausibility and benefit of considering mental

models as a representational form (Ehrlich & Johnson-Laird, 1982;

Johnson-Laird, Hermann, & Chaffin, 1984; Mani & Johnson-Laird,‘

1982; Perrig & Kintsch, 1985; Sharp & McNamara, 1990). In

general, the data suggest that people prefer to organize the

information into mental models and to use these representations

during fact retrieval rather than build and use propositional

networks.

The paradigm used for the comparison of propositional

network and mental models views in this series of experiments is

the fan effect. This paradigm was initially used because it has

been a main source of supportive evidence for the propositional

network view. The fan effect itself is an increase in retrieval

time or error rate on a recognition memory test accompanying an

increasein the number of associations with a concept in the

memory probe (Anderson, 1974). To illustrate, consider the

following set of sentences:

1. The potted palm is in the hotel.

2. The potted palm is in the barber shop.

3. The potted palm is in the public library.

4. The cola machine is in the airport.

5. The welcome mat is in the airport.

6. The fire extinguisher is in the airport.

7. The bulletin board is in the city hall.

This set of sentences can be divided up into three cases. In the

first case (Sentences 1 to 3) there are three locations associated

with a single object (the potted palm). This case is referred to



as the multiple location (ML) condition. In the second case

(Sentences 4 to 6) there are three objects associated with a

single location (the airport). This case is referred to as the

single location (SL) condition. In the third case (Sentence 7)

there is only a single associate for each concept. This case is

consistent with both the SL and ML conditions and can be used as a

baseline for comparison.

According to the propositional network view, retrieval time

for any of the facts from either of the first two conditions

should be slower than for the third. This is because three

associations need to be searched for the first two cases, compared

to only one for the third. The propositional network view

predicts no fan effect differences between the SL and ML

conditions. A fan effect should occur as long as there are no

pre-experimental relationships among the items, such as thematic

grouping, that would cause them to be organized together (e.g.,

Smith, Adams, & Schorr, 1978). In those cases where there is a

thematic grouping, the fan effect would be attenuated or

eliminated. The basic notion is that information which can be

integrated into a single unit does not produce retrieval

interference; interference is produced when there are several

distinct and related groups of information competing for retrieval

(Moeser, 1979). The present experiments rely on the notion that

integrated representations do not show a fan effect whereas

independently stored representations do.

For the mental model view, the basis for organizing a set of

facts into an integrated representation is the situation.



Consistent with the Smith et a1. (1978) and Moeser (1979)

positions, the mental model view predicts a fan effect only when

related information cannot be organized and integrated into a

single representation. In the ML condition, it is unlikely that a

potted palm in several locations constitutes a single situation.

Instead, each sentence seems to describe a different situation.

So, a separate mental model would be constructed for each of the

locations associated with the potted palm. While these mental

models are separate, they are all related because they all contain

the potted palm. During fact retrieval, the appropriate mental

model needs to be distinguished from those mental models that are

related to it. Consequently, the related and irrelevant mental

models interfere with the retrieval of the appropriate one, thus

producing increases in retrieval time and errors. This is the fan

effect.

Again, consistent with the Smith et a1. (1978) and Moeser

(1979) positions, the mental model view predicts no fan effect

when information can be integrated into a single representation,

provided there is no need to check the individual members of the

representation (Reder & Anderson, 1980). In the SL condition, a

situation in which several objects are in the airport can be

easily conceived, so these facts would be integrated into a single

mental model. During fact retrieval, there are no other related

mental models because all of the concepts are contained in the

one, so there is little or no interference, and retrieval times

and error rates should remain constant regardless of the number of

items incorporated in the model. There is no fan effect.



10

A question that might be asked is why one would expect no

fan effect, rather than a smaller fan effect, for the SL

condition? After all, a more complex mental model should take

longer to search than a simpler one. At this point in time there

is no evidence directly related to this issue, but a few

hypotheses can be put forward as a preliminary explanation. One

hypothesis is that the mental models created in these sorts of

experiments are not very complex, containing four or fewer items.

As a result, a search of any particular model can be accomplished

rather rapidly.

Another hypothesis has to do with the fact that subjects are

presented with sentences in which the content words (the subject

and predicate) vary but the relation among them does not. As a

result, only the content information is needed for accurate

retrieval. Several researchers have found that content

information is available prior to relational information

(Anderson, 1975; Dosher, 1983; Dyne, Humphreys, Bain, & Pike,

1990; Gronlund & Ratcliff, 1989; Ratcliff & McKoon, 1982; 1989).

For example, Ratcliff and McKoon presented subjects with sets of

simple sentences, such as "Bill hit Mary". They found that if

subjects in a recognition test were given a response deadline, at

short deadlines subjects were just as likely to accept sentences

such as "Mary hit Bill" in which the content concepts remained the

same and only the relational information was wrong. Only at a

longer deadline (after 700 ms), were subjects able to accurately

differentiate between the two different sentence types.

It could be that during the retrieval of information from
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mental models, only the earlier available content information

would be needed to verify the fact. If both concepts were part of

the same representation, a positive response could be made early

because it could be safely assumed that the relation was the

appropriate one. Thus, no internal search of the mental model

would be required and no fan effect would be produced in the SL

condition. If the relations were varied, then a fan effect of

some magnitude would arise for the SL condition. However, it is

the difference in the fan effects for the ML and SL conditions

that is the critical comparison in this dissertation.

This difference between SL and ML fan effects has been

demonstrated repeatedly, suggesting the use of mental models

(Radvansky, et al. in press; Radvansky & Zacks, 1991; Zacks, et

al., in progress). In the most basic experiment (i.e., Radvansky

& Zacks, 1991, Exp. 1) each subject memorized a list of sentences

about objects in locations, such as "The cola machine is in the

public library”. They were then given a speeded recognition test.

The results have shown that a fan effect occurs for the ML

condition but not for the SL condition. Presumably, the locations

defined the situations. Several factors could contribute to the

location-based organization. The first is the animacy of the

sentence subject. The sentence subjects used were inanimate

objects which typically do not move from place to place, making it

implausible that they would be the basis for organizing mental

models. The second is the nature of the predicates, which were

locations which provide a plausible source for organizing the

information into mental models. The third is the relation between
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the object and the location, which was one of containment rather

than the object being shipped to the location, missing from the

location, or some other relation. This reinforces the suggestion

that location-based mental models are to be created because the

location readily provides the framework for the containment.

The tendency to organize mental models around locations is

very reliable.‘ It occurs despite instructions to organize by

other means (Radvansky & Zacks, 1991, Exp. 2), with the use of

either definite and indefinite articles for the object or location

concepts (Radvansky et al., in press), in both younger and older

adults (Zacks et al., in progress), and when the sentences are

presented with the location serving as either the sentence subject

or predicate (Radvansky & Zacks, 1991, Exps. 1 & 3).

Despite the large tendency to create location-based mental

models, this is not the exclusive organizational pattern found.

If other situation types are possible, other types of mental

models may be created. One simple distinction between situation

types is between states-of-affairs and courses-of-events (Barwise

& Perry, 1983). A state-of—affairs is a situation that occurs at

one spatial-temporal location and is static within that location.

As long as there are no changes to the individuals' properties and

relations to one another, the state-of—affairs remains the same.

A course-of-events is a set of states-of—affairs that include

changes in portions of the situation which extend in a sequence

across several time periods, provided that other aspects of the

situation remain invariant. Such an invariant could be a

foregrounded individual who has a common purpose throughout the
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sequence. For example, descriptions of a person going to the

bank, then to the cleaner's, and finally to the grocery store

could all be construed as part of a course-of-events involved in a

”running errands" situation.

Radvansky et al. (in press) found that when people (e.g.,

"The lawyer") were paired with locations (like museums, hotels,

barber shops, etc.), there was no clear organizational preference.

Instead, there were fan effects for both SL and ML conditions.

This presumably occurred because subjects were forming mental

models that were location-based some of the time and person-based

the rest of the time. For example, consider the sentences ”The

lawyer is in the hotel”, "The lawyer is in the barber shop”, and

”The lawyer is in the museum.” For a location-based organization,

each sentence could be a separate state-of-affairs, leading to the

creation of separate mental models. For a person-based

organization, these sentences could be integrated into a course-

of-events of the lawyer going from one place to another, such as

starting out at the hotel, then going to the barber shop (for a

haircut) and finally ending up at the car dealership as part of

his travels for the day. So, a set of facts about people being in

locations could be organized and represented in two different

ways.

In a second experiment by Radvansky et al. (in press), the

study sentences were modified so that the locations were small

ones that typically contain only a single person, such as phone

booths, confessionals, and bathrooms on Greyhound buses. Through

this manipulation, location-based organizations were rendered less
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plausible, because several people do not tend to occupy these

locations as part of a single situation. This leaves the person-

based organizations as the more viable choice. In this study, a

fan effect was found for the SL condition but not for the ML

condition, reflecting a person-based organization.

Finally, there has also been some investigation of whether

mental models can be selectively retrieved (Radvansky & Zacks,

Exp. 3, 1991). For object-location materials, if subjects are

precued on the recognition test with the location concept ls prior

to the probe sentence, then the fan effect in the ML condition is

eliminated. The assumption is that the location precue selects

the mental model needed to verify the probe sentence, thus

facilitating the subjects' reaction times. Object concept and

neutral precues (the word "READY") were unable to provide this

sort of benefit because they do not select a specific mental

model.

For example, consider the situation illustrated by Figure l.

The case where the probe sentence is "The pay phone is in the

hotel” is an SL condition trial. Providing either "hotel” or ”pay

phone” as a precue does not change the pattern of data because

there is already little to no interference in this condition. The

case where the probe sentence is "The cola machine is in the high

school" is an ML condition trial. Providing "high school" as a

precue allows for the early selection of the high school mental

model before the city hall and airport mental models begin to

interfere. Providing “cola machine”, however, does not allow for

the selection of a single mental model prior to the presentation
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of the probe and interference effects are still seen.

In summary, these experiments suggest that mental models are

used in fact retrieval when the information can be organized into

situational representations and that the fan effect is a reliable

method for assessing this organization. Therefore, the fan effect

may now also be used to help discover the conditions under which

mental model organizations are created, rather than just to

discriminate between propositional network and mental model

theories.

Recall and Recognition

Although recognition and recall are both considered direct

(as opposed to indirect) memory tasks (e.g., Richardson-Klavehn &

Bjork, 1988) because they require conscious recollection, they do

exhibit clear differences. Several models of human memory might

be considered to account for these differences (for a review, see

Raaijamakers & Shiffrin, 1992); however, the framework of the SAM

(Search of Associative Memory) (Gillund & Shiffrin, 1984;

Raaijamakers & Shiffrin, 1981) model is adopted to provide an

account for how information is retrieved from mental models in

recall and recognition.

Assumptions of SAM that are applicable in the current

setting are that (a) information is stored in separate traces, (b)

recall and recognition involve different sets of processes, (c)

recognition is a complex direct access process that involves the



17

activation of large sets of traces, (d) recall involves the

creation of a retrieval plan, as well as (e) a memory search.

This set of assumptions of the SAM model allows for the most

direct interpretation of a model of memory storage and retrieval

for the mental model approach.

The separate trace assumption is appealing because each

mental model can be considered a separate trace. The composition

of each trace is assumed to be the set of features which

characterize the individual event. Although a mental model does

not necessarily reflect an actual episode in a person's

experience, it represents a particular situation. Therefore, a

mental model trace would be comprised of features representing the

elements of a situation and the relations among them. Each trace

is assumed to be stored as a semi-independent unit -- semi-

independent because although they can be clearly identified as

distinct units, there also are assumed to be various associative

relations among similar mental models. These associative

relations among models can be structured as networks, hierarchies,

or other types of relational structures. Finally, the memory

representation that is returned to working memory is an exact copy

of the trace stored in memory, rather than a composite of several

traces, as is assumed in other memory models (e.g., Hintzman,

1986).

In SAM, recognition and recall rely on the same general

retrieval mechanism, although in different ways. Recognition

involves the direct access to the appropriate memory trace based

on the strength of the association between the recognition probe
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and the memory trace. Recall, however, involves a sequential

probabilistic search through various memory traces that

demonstrate a reasonably large probe-to-trace association

strength. The probability that an individual trace is retrieved

is a function of not only the associative strength between the

retrieval probe and the memory trace, but also the set of features

comprising the memory probe and the presence and strength of the

intertrace associations. In both recognition and recall, the

activation of individual traces occurs through probe-trace

associative strengths as well as intertrace associations, such

that related traces are activated as they would be in a network

model.

Recognition in SAM is accomplished through a memory probe

that is composed of target features. This memory probe samples

long-term memory in a content addressable fashion. Contextual

features are also encoded into the memory probe, but are ignored

because only minimal contextual variation is assumed here since

the subject is in the same experimental setting and only a single

list of items is being used. The memory probe activates the

entire set of memory traces which share features in common with

the probe. As such, SAM employs a global matching process with

the memory probe being globally compared to all traces in long-

term memory. When more than one memory trace is activated, the

appropriate trace must be differentiated from the others. As the

number of related traces increases, it becomes more difficult to

select the appropriate trace amidst the competing activation of

other related traces. In cases where the activation level of the
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target trace is too close to threshold to make an unambiguous

decision, a search process similar to recall may be engaged (e.g.,

Gillund & Shiffrin, 1984; Atkinson & Juola, 1973). Although SAM

does not address the issue directly, it can be assumed that

increased numbers of competing traces would lengthen the retrieval

time.

Recall in SAM is a more involved process. First, a

retrieval plan needs to be created or accessed from earlier

recalls. This retrieval plan guides the search of long-term

memory, limiting it to different parcels of long-term memory at

different portions of the search. The retrieval plan organization

may or may not correspond to the organizational structure of

traces in long-term memory. The memory probes generated by the

retrieval plan are used to activate the relevant traces in long-

term memory. All of the related traces are activated by the

probes, sequentially sampled and evaluated for relevance to the

task. The sampling process is probabilistic, so any given trace

may or may not be retrieved during a given memory search, and

certain traces may be sampled more than once. Once a trace has

been successfully recalled, the probe-to-trace association

strength is increased, making it more likely that the trace will

be retrieved by similar probes later.

Recall, Recognition, and Mental Models

In terms of mental models, recognition is a direct access

process in which the memory probe directly activates the relevant

mental models. The time it takes to retrieve the appropriate

mental model is affected by whether there are other related mental
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models which are also activated by the memory probe, and, hence,

compete for retrieval. If there were, this would bring about the

fan effect seen in previous recognition experiments (e.g.,

Radvansky & Zacks, 1991). Recognition should be unaffected by the

need to create a retrieval plan or a search process that would

involve the sequentially sampling and retrieving of mental models

until the appropriate one has been retrieved.

For recall, however, a retrieval plan needs to be created.

The structure of the retrieval plan could correspond to the

structure and organization of the stored mental models, although

this is not necessarily true. For instance, the structure of the

retrieval plan could be guided by the structure of the original

presentation of the information, such as the text structure. In

one study, Perrig and Kintsch (1985) found that although different

types of descriptions of the layout of a fictitious town did not

affect recognition, recall was superior when given a route

description rather than a survey description. This presumably

occurred because the route description possessed the more coherent

temporal structure. In any case, the retrieval plan would serve

to guide the retrieval of the mental models from long-term memory.

Aside from the structure of the retrieval plan, there are

consequences of mental model organizations on the order in which

information is recalled that can be anticipated. Mental model

organizations could have two influences on free recall information

output order. First, for mental models representing the

integration of several facts, all of the information contained in

that mental model would be expected to be output once it has been



21

retrieved into working memory. For example, consider that a

person created a mental model of the barber shop with a revolving

door, potted palm, and ceiling fan in it. During recall, when the

barber shop mental model is retrieved, all of the facts about the

objects contained in the model would be output at that time.

The second influence of mental model organization on recall

is based on the notion that retrieval probes activate a complex of

memory traces rather than just a single one. After a particular

mental model has been retrieved, those mental models that were

related to the previously retrieved one would be at a higher

activation level for the next memory sampling, and would be more

likely to be retrieved. For example, if the office building

mental model also contained the potted palm, it would be at a

higher activation level following the retrieval of the barber shop

mental model, and would be more likely to be retrieved next. This

would result in a recall order pattern organized in terms of

individual mental model organizations at the lowest level, and in

terms of related mental models at the next highest level.

Figure 2 presents an illustration of the sort of pattern of

recall organization that can be expected given the above

description. The assumption here is that object-location facts

are being recalled and that the facts have been stored in

location-based mental models. At the lowest level of the

hierarchy are sentences which refer to common locations. This

would presumably occur because all of the facts represented by a

single mental model would be output when that mental model has

been retrieved. At the next level in the hierarchy, facts which
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Figure 2

0 en ' ’e a ch'ca structu e to th ree eca 'ect-

location facts stored in location-basgd mental modelsI

welcome mat - cocktail lounge

bulletin board - public library

broken window - movie theatre

wire waste basket - airport

digital wall clock - la udromat

ceiling fan - laudromat

ceiling fan - ice cream parlor

ceiling fan - barber shop

revolving door - barber shop

potted palm - barber shop

potted palm - office building

fire extinguisher - high school

pay phone - high school

pay phone - car dealers

pay phone - hotel

cola machine - hotel

oak counter - hotel

oak counter - city hall
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refer to common objects are also grouped together. It might be

noted that Figure 2 also reflects the assumption that facts from

cases where there is only a single associate for both the subject

and predicate are also be grouped together simply on the basis in

their similarity in the number of associations for each of the

facts. Finally, at the highest level of organization, all of

these larger units are structured together since they come from

the same set.

In summary, the differences in recall and recognition of

information stored in mental models should reflect differences in

the way that information is located and retrieved from long-term

memory. Recognition is a direct access process which shows

interference effects only from related memory models, not from the

structural complexity within a mental model. Recall is a search

process in which output order is guided by mental model

organizations with information from within the same mental model

being reported together at the lowest level and information from

similar mental models being recalled together at the next highest

level.

Current Experiments

All of the previous experiments in the present series relied

on recognition to assess mental model organization. The present

experiments tested whether the mental model organizations revealed

by recognition are also found with recall. This evaluation is
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done within the framework of the SAM memory model. In general, it

is expected that recognition will show retrieval interference only

when there are several competing mental models, but not from

within mental model complexity. Recall is expected to show

patterns of organization with the lowest level of organization

being from within mental models, and the next highest level being

from sets of related mental models.

Experiment 1 compared recognition and recall measures with

facts about objects being in locations (e.g., The ceiling fan is

in the barber shop) and demonstrated what initially appeared to be

consistent evidence of mental model organization for both

retrieval tasks. The recall measure was an evaluation of

consistencies in item order across repeated free recalls of

materials involving objects and locations.

Experiment 2 attempted to replicate Experiment 1 with facts

about people being in small locations (e.g., The farmer is in the

greyhound bus's bathroom). Previous experiments have shown that

materials of this type elicit person-based organizations. To

anticipate the results, there was an organizational dissociation

between recognition and recall in Experiment 2. In particular,

recognition supported a person-based organization, whereas free

recall and, to a lesser extent, a card sorting task, showed a

location-based organization.

Experiments 3-5 assessed which, if either, of these

retrieval processes revealed the underlying organizations, which

are assumed to be mental models in the present case, and tried to

provide an explanation of the dissociation. Experiment 3
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attempted to reinforce the integrity of the recognition test

results through cued recognition. Experiment 4 assessed

organizational preference in the absence of memorization and

memory tests. Experiment 5 tested the notion that the

organizations in free recall are due to the organization of the

retrieval plan rather than the underlying representation. The

presentation of these experiments is followed by a discussion of

their implications, along with suggestions for further studies to

complete this assessment of the differences between the recall and

recognition of information stored in mental models.



CHAPTER II

EXPERIMENT 1

Experiment 1 tested whether mental model organizations could

be detected through repeated free recalls. There is a long

history of the use of free recall to assess how people organize

information apart from any organization that may have been present

when the information was initially learned, such as presentation

order (e.g., Bousfield, 1953). The basic idea is that items

grouped together in memory tend to occur in close proximity during

recall.

There are two general classes of organization measurement in

free recall data: categorical clustering and subjective

organization. For categorical clustering, the experimenter

defines the organizational form. This organizational form could

encompass such things as including items from different categories

in the study list and then assessing the degree to which a

subject's recall conforms to the selected categories. Categorical

clustering analyses require only a single trial to provide an

estimate of the degree to which the organization under

investigation is adopted. The present experiments rely on the ARC

measure (Roenker, Thompson, & Brown, 1971) because it is the one

of the most widely used and accurate methods of measuring

categorical clustering (White & Kelly, 1978). The ARC measure is

26
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based on the following formula: ARC - (0 - E) / (maxR - E), where

O is the number of observed consecutive repetitions of items from

within the same category, E is the number of item repetitions that

can be expected by chance, and maxR is the maximum number of

possible item repetitions. ARC values closer to 1.00 reflect

greater amounts of categorical clustering, values closer to 0.00

reflect less clustering, and values less than 0.00 reflect less

than chance clustering. Mental model organizations are considered

here to be categories. In those cases where different

organizations are possible, different scores were calculated. For

example, in Experiment 1, different ARC scores were calculated for

location- and object-based organizations (i.e., ARCloc and

ARCobj).

For subjective organization, the experimenter does not

select the organizational form, but instead attempts to reveal it

by relying on consistencies in a subject's recall across a number

of trials (Shuell, 1969). Specifically, items which tend to be

consistently recalled together are assumed to be stored together

in memory. The greater the degree of consistency across recalls,

the greater the subjective organization. The present experiments

employ two measures of subjective organization. The first is an

adaptation of the ARC score developed for the assessment of

sequential consistency and is referred to as ARC' (Pellegrino,

1971). ARC' essentially provides a measurement of the degree to

which the pattern of recall on trial t is matched on trial t+1.

The basic formula for ARC' is the same as for the ARC score,

except that the O, E, and maxR values are defined in terms of
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sequential consistencies from one trial to the next rather than

the number of categorical repetitions within a single trial. The

second measure is hierarchical clustering analysis, using a single

linkage method of cluster determination. The dependent measure

for cluster analysis is the average recall order distance between

pairs of items across a set of trials which is used to determine

the hierarchical relations among the individual items.

Previous research on free recall organization has shown that

over the course of several recall trials, subjects develop a

consistent output order, even when the lists are composed of

random items (Bousfield, Puff, & Cowan, 1964; Mandler & Dean,

1969; Tulving, 1962). For instance, Tulving found that during

list learning (in his case, a list of nouns), the lists were not

only subjectively organized, but also that this organization

increased systematically over trials, with a positive correlation

between recall organization and performance, until perfect recall

was achieved and the organization stabilized. Basically, when

subjects are able to categorize lists of items to aid recall, they

will do so (Mandler, 1967). Therefore, an accurate assessment of

mental organization would best be done after the facts are well

learned and recall is perfect. Under those circumstances, one can

be more certain that the organization has been developed. So, in

the current experiments, only trials in which all of the items are

recalled were considered.

Method

Sgbjgggg. Twenty-four native English speakers were

recruited from the subject pool at Michigan State University and
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given partial course credit for their participation. An

additional 3 subjects were replaced, 2 for not being be able to do

the recall test accurately, and 1 due to equipment failure.

Maggglalg. The materials for each subject were a set of 18

sentences of either the form ”The object is in the location.“ or

"The location has the object." Half of the subjects received

facts in which the object was the sentence subject (OS group) and

the other half in which the location was the sentence subject (LS

group). Both forms were included because although previous

findings (Radvansky & Zacks, 1991) indicated that both sentence

forms produce similar results, these previous experiments relied

only on recognition not recall. There is a tendency for forward

associations to be stronger than backward associations during

recall (e.g., Wolford, 1971). This could influence recall orders

by leading subjects to report all of the associates with the first

concept mentioned in a sentence just after recalling it.

Presenting the sentences in both forms should balance out any such

bias.

The objects and locations used were the same as those used

in previous object-location experiments (e.g., Radvansky & Zacks,

1991). These materials were used because the object-location

combinations had been normed for sensibility, and because they

reliably produced the SL and ML fan effect differences in

recognition, therefore serving as a reliable basis for assessing

recall. The combination of objects and locations is presented in

Table 1. The lower case letters refer to specific objects and the

upper case letters refer to specific locations. The design is
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such that there are cases where there are specific objects and

locations that have 1 to 3 associations with each of them. The SL

and ML superscripts refer to items that were included in the SL

and ML conditions. Because the items in the 1-1 condition

provided a baseline, half of them were arbitrarily assigned to the

SL condition, and half to the ML condition. The remaining items

that are not marked with an SL or ML were presented and tested but

not included in the analysis. A different random assignment of

objects to the a to 1 values and locations to the A to L values

was used for each subject. This is the same study list design

used in previous experiments. A complete listing of the objects

and locations for Experiment 1 is presented in Appendix A.

Progedure. Subjects were tested individually in a single

session lasting approximately 2 hours. A similar study-test

memorization procedure was used for all experiments. Each subject

was first presented with a study list consisting of 18 sentences

with the instruction to memorize the sentences as efficiently as

possible. The sentences were displayed one at a time, for 7 8

each, on a monochrome (white) screen controlled by an IBM

compatible computer. The sentences appeared half-way down the

screen beginning on the left-hand edge. A 40-column presentation

mode was used. A different random order was used for each list

presentation. After a list had been presented, a set of test

questions were given. For Experiment 1, the test questions were
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"Where is the object?" and "What is in the location?” for each of

the objects and locations, respectively. The test questions were

also randomly ordered on each cycle. The experimenter kept track

of responses on a score sheet. After answering all of the

questions the subjects returned to the study portion. The

criterion for memorization was the ability to correctly answer all

of the test questions twice in a row. Subjects in Experiment 1

required an average of 5.6 cycles to memorize the information.

There was no difference between the OS and LS groups, 5 < 1.

(Unless otherwise mentioned, the criterion for statistical

significance for all tests was set at p < .05.)

Beggggigign. Once the sentences were memorized, recognition and

recall tests were given. The order in which these tests were given was

counterbalanced with half of the subjects receiving each order. The

recognition test was timed and administered on the computer. Both

studied and nonstudied facts were presented. Subjects pressed the left

button on a computer mouse to indicate a studied fact, and the right

button to indicate a nonstudied fact. Subjects were encouraged to be as

fast and as accurate as possible in their decisions. A set of 18

practice trials was provided to familiarize the subjects with using the

mouse buttons. On the practice trials the computer either displayed

"SENTENCE STUDIED" or "SENTENCE NOT STUDIED”, and the subject had to

press the appropriate button. On the recognition test itself, studied

probes were sentences from the study list and nonstudied probes were

generated from repairings of the object and location concepts from

within a cell of the design. For example, if the studied sentences from

the same cell were sentences 8 and 9, the nonstudied sentences would be
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10 and 11.

8. The pay phone is in the public library.

9. The ceiling fan is in the hotel.

10. The pay phone is in the hotel.

11. The ceiling fan is in the public library.

The order of probe presentation in the recognition test was

randomized within each of 8 blocks. Those sentences from cells in which

several objects were associated with several locations, although they

were presented, were not entered into the analysis. This is because the

data from these cells do not simply and directly address the question

asked in these experiments: whether there are fan effects in the SL and

ML conditions. Each sentence was presented 8 times, yielding a total of

288 recognition test trials, 192 of which were included in the analysis.

Subjects were allowed 3 self-timed breaks at the end of each quarter of

the recognition test. The computer recorded RTs and errors.

If a subject responded incorrectly on a trial they received

immediate feedback. The feedback consisted of the presentation of a

line that read either “*ERROR* SENTENCE STUDIED" or "*ERROR* SENTENCE

NOT STUDIED", whichever was appropriate. This feedback was presented

for 1 s. For the purposes of analysis, errors also included trials for

which the RTs were shorter than 500 ms or longer than 10,000 ms. Also

for purposes of analysis, for each subject, those RTs that were 2

standard deviations from the mean of a given cell of the design were

dropped from the analysis, though they were not counted as errors. This

trimming of extreme scores eliminated 5.1% of the data in Experiment 1.

Reggll. For the recall test, subjects were asked to orally

recall the memorized lists and to report the entire sentences.
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The experimenter recorded recall orders on a tally sheet, as well

as on a tape recorder to ensure that the tally was correct. There

were 18 recall trials for each subject. At the beginning of each

trial, one of the study sentences was given and the subject was

asked to recall the list starting with that sentence as if it were

the first one that they themselves had recalled. This was done to

prevent subjects from adopting a stereotyped recall order that

could potentially obscure mental model organizations. The order

of the starting sentences was randomized for each subject. Any

incomplete or erroneous recalls were repeated at the end of the

recall test so that all starting sentence trials were present in

the data. Aside from this error replacement procedure, a

particular starting sentence was never repeated more than once.

Qgrg sortigg gnd guestionnairg. After being presented with

both memory tests, subjects were given 18 4 in. X 5 in. index

cards with each sentence that they had memorized printed in the

center. Subjects were asked to sort the cards based on what was

written on them. They were told that they could make as many

piles as they liked, so long as there was more than one pile.

Once the subjects had sorted the cards to their satisfaction, they

were given a short questionnaire to fill out about the strategies

they used to memorize the sentences. Discussion of the results of

the questionnaire is delayed until after all of the experiments

have been presented.
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Results

RECOGNITION TEST

Egggtign_§1mg§. The reaction time (RT) and error rate data

are summarized in Figure 3. Responses to probes in the ML

condition showed an increase in RT with an increase in the number

of locations associated with an object, whereas in the SL

condition, there was no increase in RT with an increase in the

number of objects associated with a location. In addition, the SL

probes were responded to faster (1720 ms) than ML probes (1817

ms), and there was a general fan effect (fan level 1 - 1696; 2 -

1796; 3 - 1812 ms). These findings are consistent with the

location-based organization of mental models found in previous

experiments.

Other differences were that responses to studied probes were

faster (1721 ms) than to nonstudied probes (1816 ms), and the size

of the SL-ML difference was larger for nonstudied probes (SL -

1739; ML - 1892 ms) than for studied probes (SL - 1700; ML -

1741 ms). Finally, there was an interaction of the order of

memory tests with studied-nonstudied probes, the SL-ML difference,

and the fan effect. A breakdown of these data is presented in

Table 2. The same pattern of fan effects for the SL and ML

conditions were found for both order groups across both studied

and nonstudied probes. The cause of this interaction is the

fluctuation in the patterns of retrieval times at the different
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Table 2
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levels of fans in each of the different cases.

The RT data were submitted to a 2 (Type of sentence) X 2

(Order of memory tests) X.2 (Studied-Nonstudied) X 2 (SL-ML) X 3

(Fan) mixed ANOVA. The first 2 variables were between subjects

and the rest within subjects. Of central interest, there was a

significant main effect of SL-ML, F(1,20) - 8.05, Mfig - 84605, and

a marginally significant main effect of Fan, E(2,40) - 2.92, Mfig -

130516, 2 < .07, as well as a significant SL-ML X Fan interaction,

E(2,40) - 3.24, MS; - 66174.

Also significant were the main effect of Studied-Nonstudied,

F(1,20) - 10.22, MS; - 63886, and the Studied-Nonstudied X SL-ML

interaction, F(1,20) - 4.68, MSe - 47441. Simple effects tests

showed that the SL-ML difference was significant for the

nonstudied probes, F(1,20) - 12.05, MSe - 69741, but not for the

studied probes, F - 1.01. Finally, there was a marginally

significant Order X.Studied-Nonstudied X SL-ML X Fan interaction,

E(2,40) - 3.11, MSe - 29520, p < .06.

Erzgrg. Subjects in Experiment 1 had 2.7% errors on average

for the recognition test. There was a noticeable difference in

the fan effects for studied (1 - 1.6; 2 - 3.4; 3 - 3.3%) and

nonstudied probes (1 - 2.6; 2 - 1.7; 3 - 3.5%), [(2,40) - 3.29,

Mfig - 14, p < .06, which was further qualified by a difference

between whether the recognition test came first or second, {(2,40)

- 3.12, Mg; - 14, p < .07. Finally, the SL and ML fan effects
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differed, depending on whether the recognition test came first or

second, £12.40) - 3.58, Mg; - 24. Neither of these interactions

lends itself to easy interpretation. Given the low percentage of

errors overall, it is most likely that these effects are spurious.

RECALL TEST

Subjects had 0 to 8 (M - 4.1) recall trials which were

repeated at the end of the test due to errors. There was no

difference for either memory test order or sentence types, Es < 1.

u t na 5. A hierarchical cluster analysis was

performed on the recall data based on the mean distance in recall

order among items for each subject. The results of this analysis

are presented in Figure 4. As a reminder, the lower case letters

refer to objects and the upper case letters refer to locations.

As can be seen, there was a clear location-based organization.

Items referring to common locations were grouped together more-so

than items referring to common objects. In addition, locations

containing the same objects were grouped together, although this

organization was not as strong as the location-based organization.

The scale beneath each the hierarchical tree provides an

index of the proximity between various clusters. This proximity

index reflects the similarity distance threshold at which

different items or subset of items are identified as belonging to

the same cluster. For the recall data, the smaller numbers

reflect smaller recall order pair distances, whereas for the card

sorting data to be seen later, larger numbers reflect larger

numbers of subjects grouping pairs of items together. The

absolute magnitude of the proximity values can vary for a number
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of reasons. For example, a larger number of subjects in one

condition could produce larger pair grouping values although no

difference in structure is actually evident. These proximity

values are given to provide a sense of scale to the hierarchical

structures and to ease the comparison across experiments where the

basis of the proximity value is relatively stable.

The recall order distances (not the scale values, but the

average recall order distances between a pair of items for each

subject) for all item pairs in the four memory test order -

sentence type groups were highly correlated (.88 5 1 5 .94),

indicating that the organizations of these groups do not differ

from one another in the general organization. The only other

notable finding was that sentences in which both concepts had only

one associate were also grouped together.

ARC. The ARC and ARC' scores for all of the experiments are

listed in Table 3. Separate ARC scores were calculated for

location-based (ARCloc) and object-based organizations (ARCobj).

These scores were submitted to a 2 (Type of sentence) X 2 (Order

of memory tests) X 2 (Grouping: location or object) mixed ANOVA.

The first two variables were between subjects and the third was

within subjects. There was a greater degree of location-based

than object-based organization as revealed by the main effect of

Grouping, F(1,20) - 74.54, Mg; - .026. In addition, the Type X

Grouping interaction was significant, F(1,20) - 5.064, M§g_- .026.
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The preference for a location-based organization was stronger for

the LS group (ARCloc - .92; ARCobj - .41) than the OS group

(ARCloc - .82; ARCobj - .53). Simple effects tests showed that

the effect of Grouping was significant for both 08, E(1,11) -

13.61, MSe - .039, and LS groups, £(l,ll) - 67.94, MS; - .023.

Finally, there was a marginally significant Order X Grouping

interaction, F(1,20) - 3.93, Mg; - .026, p < .07. There was a

tendency for a greater location-based organization when the recall

test was second (ARCloc - .90; ARCobj - .41) rather than first

(ARCloc - .84; ARCobj - .53). Simple effects tests showed that

Grouping was significant both when the recall test came first,

£(l,ll) - 12.87, Mgg - .045, as well as second, £(1,11) - 74.73,

MSe - .020.

The average recall order pair distances were compared, and a

strong negative correlation was found between the ARCloc and

ARCobj scores (I - -.69). This would suggest that as a subject

demonstrated greater preference for one organizational scheme,

preference for the other diminished. There was no correlation

with the SL-ML difference (an index of recognition organization)

for either the ARCloc (I - .02) or ARCobj scores (I - -.22). This

raises the possibility that one or both of these measures of

organization unreliably assesses the underlying memory

organization.
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Table 3

§Qrting t§§3§ .

ELEM WQLC.’

Recall:

Experiment 1

Experiment 2

card Sorting:

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Experiment 5

.87

.82

.90

.72

.73

.64

.76

.47

.55

.28

.57

.16

.39

.17

re

.25

.31
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ARQL. The ARC' scores were submitted to a 2 (Type of

sentence) X 2 (Order of memory tests) ANOVA. There were no

significant differences. The ARC' scores were not correlated with

the ARCloc scores (; - -.02) but were positively correlated with

the ARCobj scores (I - .43). Most of the sequential consistency

of the free recalls was in the order of the items referring to a

common object. The ARC' score and SL-ML difference were not

correlated (r - .19).

CARD SORTING

The data from the card sorting task were submitted to

cluster and ARC analyses similar to those for the recall data.

Three subjects were not given the card sorting task due to an

experimenter oversight. The number of times a pair of items was

placed in the same group was the dependent measure. ARC scores

were calculated based on group membership. So, a group containing

three items from the same category were counted as two categorical

repetitions, even though the card sorting was not ordered.

The results of the cluster analysis are presented in Figure

5. As can be seen, there was a clear location-based organization.

Items containing common locations were organized closer than items

containing common objects. This result is consistent with the

pattern found in the recognition and recall tests. The ARCloc

scores were higher than ARCobj scores, {(1.19) - 24.23, Mfig -

.165. There was no significant difference between OS and LS

sentence groups, E < 1.
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As can be seen in Table 4, the number of times a pairs of

items were grouped together for the LS and OS groups was

positively correlated. Furthermore, the ARCloc and ARCobj scores

were negatively correlated, although not significantly so,

suggesting, along with the results of the recall test, that as

preference for one organizational scheme increased, preference for

the other decreased. When compared with the results of the recall

test, the card sort ARCloc score did not correlate with the recall

ARCloc (; - .21) scores; however, the card sort ARCobj scores were

positively correlated with the ARCobj scores (I - .44). This

suggests that the recall and card sorting tasks used the same

organizational structure.

Discussion

For Experiment 1, the results of the recognition and recall

tests, as well as the card sorting task, were in agreement with

each other and previous experiments in showing a location-based

organization of the mental models. There were also some effects

involving the order of memory tests and sentence type for the

different memory tests. For RT and error rates, there were

variations in the SL and ML fan effects for studied and nonstudied

probes depending on the order of the memory tests. However, this
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Table 4
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WWW-

L§_-2$.AE§ WM:

Experiment 1 .92* -.22

Experiment 2 .92* -.46*

Experiment 3 .86* -.91*

Experiment 4 .79* -.88*

Experiment 5 .87* -.57*

Note: * indicates p < .05.
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pattern of differences is not easily interpretable, and is likely

to be spurious. Like previous recognition experiments, there were

no effects of sentence type.

For the recall data, the organization more closely followed

a location-based organization when the recall test was second

rather than first. This is not surprising considering that the

subjects had more exposure to the information when the recall test

was given second, and the information is therefore likely to be

more organized (e.g., Tulving, 1962). It is important to note the

difference between the order of memory test groups is one of

degree rather than direction. Also, the stronger location-based

organization for the LS group could be an effect of locations

being placed first in the sentences (Wolford, 1971). Again, the

location-based organization for the OS group, while weaker than

the LS group, is still quite strong.

It appears from Experiment 1 that recall and recognition

reflect the location-based organization of mental model

representations equally well. During recognition the mental

models were directly accessed with no interference during

retrieval, except when there were several mental models that were

related to the probe. During recall, output organization was

consistent with the location-based mental model organization.

This organizational pattern is apparent in the results of the

hierarchical cluster analysis. It would seem reasonable at this

time to assume that the retrieval plan used to guide the retrieval

of the mental models was organized to reflect the structure of the

underlying memory traces. This organizational bias was also
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reflected in the card sorting task where subjects were explicitly

asked to organize the facts.

However, the mental models used in Experiment 1 were of only

one type, namely, location-based mental models. It is unclear

whether the same results will be found for other types.

Experiment 2 attempted to replicate Experiment 1 using facts about

people being in small places which have been shown to produce

person-based mental models (Radvansky et al., in press).



CHAPTER III

EXPERIMENT 2

Method

figbjgggg. Twenty-four native English speakers were

recruited from the subject pool at Michigan State University and

given partial course credit for their participation. Half of the

subjects received PS (Person Subject) sentences and half LS

(Location Subject) sentences. An additional 5 subjects were

replaced, 3 for not completing the experiment, and 2 for not

accurately recalling the facts.

Mg§§;1§l§_and_2rggeggrg. The sentences used in Experiment 2

were composed of random pairings of people and small locations.

The materials were drawn from those used by Radvansky et al. (in

press) which have been previously rated for sensibility. Like

Experiment 1, half of the sentences were of the form ”The person

is in/on the location." and the other half were of the form "In/On

the location is the person." Sentences 12 and 13 are examples of

the first form and Sentences 14 and 15 are corresponding sentences

in the second form.

12. The banker is in the telephone booth.

13. The carpenter is on the operating table.

14. In the telephone booth is the banker.

15. On the operating table is the carpenter.

50
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The subjects and predicates used in Experiment 2 are listed

in Appendix B. The memorization and testing procedures were like

those of Experiment 1. subjects in Experiment 2 took an average

of 5 study-test cycles to learn the facts with no differences

between PS and LS groups, g < 1. In addition, the trimming

procedure eliminated 4.7% of the recognition test data.

Results

RECOGNITION TEST

Reactign times. The RT and error rate results for

Experiment 2 are presented in Figure 6. A fan effect occurred in

the SL condition, but not the ML condition. This personebased

organization is consistent with previous research using people and

small places (Radvansky et al., in press). In addition, the SL

probes were responded to more slowly (1749 ms) than the ML probes

(1591 ms), and an overall fan effect was produced (fan level 1 -

1575; 2 - 1676; 3 - 1760 ms).

In addition to the organization results, studied probes were

responded to faster (1628 ms) than nonstudied probes (1712 ms).

Furthermore, the SL-ML difference was larger for nonstudied probes

(SL - 1828; ML - 1596 ms) than for studied probes (SL - 1671; ML

- 1586 ms). Finally, the SL and ML fan effect patterns differed

depending on whether the recognition test came first or second.

This is the only effect involving memory test order in this

experiment, and, as can be seen in the summary in Table 5, this
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Figure 6
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Table 5

\ ., . -s- , u ;,. - . .- .

r . oar 0! 490 ac . . a

£§n_Leggl 1. .2 3

Recognition Test lst

SL 1618 (2.08) 1768 (2.08) 1954 (3.39)

ML 1494 (1.82) 1722 (1.04) 1624 (1.56)

Recognition Test 2nd

SL 1531 (1.56) 1741 (3.39) 1884 (3.39)

ML 1657 (3.91) 1475 (2.09) 1577 (3.39)
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was due to fluctuations in the different cells rather than

differences in the organizational pattern. It is unlikely that

this fluctuation is due to any systematic differences attributable

to the order of memory tests.

The RT data were submitted to a 2 (Type of sentence) X 2

(Order of memory tests) X 2 (Studied-Nonstudied) X 2 (SL-ML) X 3

(Fan) mixed ANOVA. The first two variables were between subjects

and the rest were within. There was a significant main effect of

SLsML, £(1,20) - 14.60, Mfig - 122869, and Fan, £(2,40) - 5.41, Mfig

- 152588, as well as a significant SL-ML X Fan interaction,

£(2,40) - 9.20, fig; - 66339. Simple effects test showed that the

fan effect was significant for the SL condition, E(2,40) - 8.60,

Mg; - 165835, but not for the ML condition, 2 < 1.

There was also a significant main effect of Studied-

Nonstudied, £(1,20) - 11.94, MS; - 42300, as well as a significant

Studied-Nonstudied X SL-ML interaction, {(1,20) - 10.42, MS; -

37605. Simple effects tests showed that the SLeML difference was

significant for both studied, F(1,20) - 3.40, NS: - 74802, and

nonstudied probes, £(1,20) - 22.54, MS; - 85671. Finally, there

was a significant Order X SL-ML.X Fan interaction, £(2,40) - 4.99,

M5; - 66340. The SL-ML X Fan interaction was significant both

when the recognition test came first, E(2,20) - 3.79, Mg; - 67990,

as well as second, £(2,20) - 10.57, MS; - 64688.

51191;. Subjects in Experiment 2 averaged 2.5% errors on
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the recognition test. The error rate data were analyzed in an

ANOVA similar to that for the RT3. The only significant

difference was a greater number of errors for studied probes

(3.2%) than nonstudied probes (1.8%), F(1,20) - 9.48, as; - 15.

RECALL TEST

Recall errors were made on an average of 2.8 trials in

Experiment 2. There were no differences based on the order of the

memory tests, E < 1; however, there were more recall errors for

the PS group (3.8) than the LS group (1.9), F(1,20) - 3.72, MSe -

5.4, p < .07.

Clugtgr Analysis. A cluster analysis was performed as in

Experiment 1, and the results are presented in Figure 7 (lower

case letters - people; upper case letters - locations). As can be

seen, there was generally a location-based organization. This

organization is inconsistent with the recognition data which

showed a person-based organization. Like Experiment 1, the recall

distances for the four memory test order - sentence type groups

were highly correlated (.85 5 r g .93) indicating that the

organizations for those groups did not differ. In a comparison

with the corresponding items in Experiment 1, the mean recall

distances of all possible item pairs showed a very high positive

correlation, 1 - .97. This indicates that the organizational

structure of the two data sets was nearly identical. Finally,

like Experiment 1, fan level 1 sentences were grouped together.



56

Figure 7
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ARC. The ARC scores for Experiment 2 were submitted to a 2

(Type of sentence) X 2 (Order of memory tests) X 2 (Grouping of

facts) mixed ANOVA. The first two variables were between subjects

and the third was within. Only the main effect of Grouping was

significant, F(1,20) - 7.72, MS; - .112. As can be seen in Table

2, the ARCloc scores were greater than the ARCper scores. This is

inconsistent with the notion that person-based mental models were

formed.

There was a strong negative correlation between the ARCloc

and ARCper scores (; - -.74). Again, this is interpreted as

indicating that greater preferences for one organizational scheme

are accompanied by smaller preferences for the other

organizational scheme. Furthermore, the ARCloc scores were

negatively correlated with the SL-ML RT difference (1 - -.44),

whereas the ARCper scores were positively correlated with this

difference (2 - .28), although not significantly so.

ARQL. For the ARC' data, no effects of sentence type or

order of memory tests were found. Like Experiment 1, the ARC'

score for Experiment 2 was negatively correlated with ARCloc (1 -

-.36), but positively correlated with ARCper (I - .36). This

would suggest that a larger portion of the sequential consistency

in subjects' recalls were in repetitions of items containing

common people rather than common locations. The ARC' scores also

showed a small nonsignificant correlation with the size of the SL-

ML difference (1 - .28).

CARD SORTING

The result of the card sorting task differed from Experiment
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l in that it did not show a clear organizational preference, as

can be seen in Figure 8, although there was still a general

preference for location-based organization. In Experiment 2, the

person- and location-based organizations were of equivalent

strength (see Table 3). The difference between the ARCloc and

ARCper scores was not significant, E < 1. Like Experiment 1,

there were no differences involving sentence type, Es < l.

The pair groupings for the PS and LS groups were highly

correlated (see Table 4) suggesting equivalent organizational

strategies in the two groups. Furthermore, the ARCloc scores and

ARCper scores were negatively correlated. This suggests that

increased preference from one organizational strategy was

accompanied by a decreased preference for the other, rather than a

random adoption of strategies.

Although the card sorting data did not reveal any

statistically significant organizational preferences, there were

positive correlations between the card sort and recall ARCloc and

ARCper scores (; - .69, and I - .76, respectively). So, although

the sorting data fail to show organizational preference, for each

subject they generally followed the recall organization.

Discussion

The most striking result of Experiment 2 is the dissociation

between the type of organization implied by the recognition and

recall measures. The person-based organization of the recognition
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test replicated previous person-small locations experiments,

whereas the location-based organization of the recall test was

consistent with Experiment 1, an organizational basis directly at

odds with the recognition results. The difference in the number

of recall errors for the PS and LS groups may be due in part to

the location-based organization in the recall data. In

particular, the LS sentences may have resulted in fewer errors

because the first mentioned concept in the sentence corresponded

to the recall organization basis. However, this is speculative.

Finally, despite the strong organizational patterns for the recall

and recognition tests, no statistically significant organizational

preference was found in the card sorting task, although it was

highly correlated with recall. The remaining experiments address

the questions of which, if any, of these measures accurately

assesses the structure of the mental model and why a dissociation

occurred.

The next step is to assess the validity of the recognition

results. Previous experiments (Radvansky & Zacks, 1991) have

shown that the fan effect difference between the SL and ML

conditions is reduced when the subjects are provided a precue of

the concept around which the representation is assumed to be

organized prior to the onset of the target sentences. In

Experiment 3, person and location precues were provided to test

the integrity of the recognition test of Experiment 2. If

subjects were forming person-based mental models, then the

differences between the SL and ML fan effects should be attenuated

with person precues. Person precues would select the appropriate
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mental model from the set of related mental models that represent

information related to a common location and are activated during

the complex direct-access process.

 



CHAPTER IV

EXPERIMENT 3

Experiment 3 used a precuing procedure similar to a previous

experiment using object-location materials (Radvansky & Zacks,

1991, Exp. 3). In the Radvansky and lacks experiment, it was

found that when subjects were given a location concept precue l 3

prior to the presentation of the probe sentence, the fan effect in

the ML condition was attenuated. The explanation was that

location concepts allowed for the selection of the appropriate

location-based mental model from the set of mental models all

containing a common object (see Figure 1). If person-based mental

models are created for people-small location facts, then the fan

effect in the SL condition should be attenuated for a person

precue but not for a location precue. The notion is that, prior

to the presentation of the memory probe, the person concept

selects the appropriate mental model from among those containing a

common location, and thereby reduces the amount of interference

experienced in that condition.

Method

Sybiegts. Forty native English speakers were recruited from

the subject pool at Michigan State University and either given

partial course credit or paid $7.50 for their participation. Half

of the subjects received PS sentences and the other half LS

62
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sentences.

Mggggl§l§_ggg_£;g§gggzg. The materials and memorization

procedure were like those for Experiment 2. Subjects were tested

in a single session which lasted 1 1/2 hours. The subjects took

an average of 5.1 study-test cycles to memorize the facts. There

was no significant difference between the PS and LS groups, ;(38)

- 1.59, p > .10. The only memory test given was cued recognition.

Prior to the presentation of each probe sentence, a person,

location or neutral precue was presented. For the person and

location precue conditions, the precue was the person or the

location concept, respectively, from the probe sentence. For the

neutral condition, the precue was the word "READY". The precue

was presented left-justified halfway down the computer screen and

remained visible for l s when it was replaced with the probe

sentence. Subjects were instructed to try to use the cue because

it would help them "to decide whether the probe sentence was

studied or not". Because of the large number of conditions,

subjects were presented with each precue-probe sentence

combination 4 times instead of 8 times as in the previous

experiments, yielding a total of 432 trials, 288 of which were

included in the analysis. Because of the small number of

observations per cell, no data were trimmed.

Results

RECOGNITION TEST

Begcglon times. The RTs and error rates for Experiment 3

are presented in Figure 9. Overall, SL probes were responded to

more slowly (1438 ms) than ML probes (1331 ms), and there was a
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Figure 9
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general increase in retrieval time accompanying an increase in the

level of fan, (fan level 1 - 1289; 2 - 1412, and 3 - 1454 ms).

Furthermore, the fan effect was present for the SL condition (fan

level 1 - 1298; 2 - 1449; and 3 - 1568 ms) but not the ML

condition (fan level 1 - 1280; 2 - 1374; 3 - 1340 ms). In

addition, subjects responded to studied probes faster (1336 ms)

then nonstudied probes (1433 ms).

In terms of the precues, subjects responded fastest after

location precues (1163 ms), less fast after person precues (1365

ms) and slowest after neutral precues (1627 ms). A speed-up

occurred for the person and location precue conditions relative to

neutral precue condition because of the early availability of

information. The most probable reason that the location condition

is the fastest is because more information about the probe

sentence is presented in the precue. The location concepts were

much longer (M - 16.0 letters for locations versus M - 7.1 letters

for people).

Precue type did affect the size of the SL-ML difference. It

was largest after location precues (161 ms), followed by neutral

precues (110 ms), and smallest after person precues (49 ms).

Furthermore, when the different cue conditions are considered

separately, there is a difference in the SL and ML fan effects for

location and neutral precues, but not for person precues. So,

even though location precues led to the fastest RTs, probe
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responses in this condition led to the greatest single/multiple

mental model difference. However, although the person precues did

result in a elimination of a difference between the SL and ML fan

effects, it did not result in an attenuation of the SL fan effect.

Instead, a fan effect emerged in the ML condition. Finally,

neutral precues produced a smaller fan effect (fan level 1 - 1561;

2 - 1649; 3 - 1671 ms) than location (fan level 1 - 1049; 2 -

1192; 3 - 1247 ms) and person precues (fan level 1 - 1257; 2 -

1394; 3 - 1442 ms).

The RT data were submitted to a 2 (Type of sentence) X 3

(Cue) X. 2 (Studied-Nonstudied) X 2 (SL-ML) X 3 (Fan) mixed

measures ANOVA. The first factor is between subjects and the rest

are within subjects. There was a significant main effect of

Studied-Nonstudied, £(1,38) - 31.15, MS; - 107838. There were

significant main effects of SL-ML, £(l,38) - 22.71, MS; - 180422,

. and Fan, {(2,76) - 16.21, MS; - 217466, as well as a significant

interaction of these two variables, [(2.76) - 10.43, MS; - 136280.

Simple effects tests showed that the fan effect was significant

for both the SL, E(2,76) - 24.05, KEEP 182920, and ML conditions,

£(2,76) - 3.20, MS; - 170826.

There was a main effect of Cue, £(2,76) - 194.67, MS; -

133824, as well as significant Cue X SL2ML,,E(2,76) - 5.84, MS; -

65899, Cue X Pan, 2(4, 152) - 2.68, MS; - 35322, and Cue X SLwML.X

Fan interactions, £(4,152) - 2.61, MSe - 63168. Separate analyses

were performed on the RT data for the different cue conditions.

The main effect of SLsML and the SL-ML X Fan interaction were

significant for neutral (£( 1,38) - 10.93, MS; - 132021, and
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{(2.75) - 7.04, MS; - 73298, respectively) and location precues

(£(1,38) - 36.88, MS; - 85167, and £(2,76) - 11.93, MS; - 93695,

respectively), but not for person precues (£(1,38) - 2.99, MS; -

95031, p > .09, and {(2.76) - 1.24, MS; - 95623, p > .25,

respectively). Simple effects tests showed significant fan

effects for the SL conditions of both neutral, £(2,76) - 8.92, MS;

- 108009, and location precues, F(2,76) - 28.30, MS; - 94939, but

not for the ML conditions, £(2,76) - 1.36, MS; - 68125, p > .25,

and £(2,76) - 1.14, MS; - 97716, p > .25, respectively.

Significant fan effects were also found with person precues for

both SL, F(2,76) - 11.56, MSe - 88851, and ML conditions, F(2,76)

- 6.28, MSe - 93085.

31121;. Subjects in Experiment 3 made an average of 2.2%

recognition errors. The error rate data were submitted to an

analysis similar to that for the RT data. There were more errors

in response to SL probes (2.6%) than ML probes (1.8%), [(1.38) -

9.18, MS; - 30. In addition there was a significant Studied-

Nonstudied X Fan interaction, {(2,76) - 3.45, MS; - 19. The

errors for the studied probes increased with increasing fan (fan

level 1 - 2.1; 2 - 2.5; 3 - 2.7%), whereas for the nonstudied

probes the pattern was more erratic (fan level 1 - 2.2; 2 - 2.3; 3

- 1.4%). However, simple effects tests did not show a significant

fan effect for either probe type, both is < 1. Finally, there was

a significant Cue X Studied-Nonstudied X SL-ML interaction,

,£(2,76) - 4.03, MS; - 56. The Cue X SL-ML interaction was

significant in the separate studied probe analysis, F(2,76) -

4.26, MS; - 70, but not for the nonstudied probe analysis, F(2,76)
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- 1.78, MSe - 60, p > .10. Simple effects tests showed that for

the studied probes, the SL-ML difference was significant for

person precues (SL - 4.9%; ML - 0.9%), £(l,38) - 7.24, MS; - 130,

but not for neutral (SL - 2.5% ; ML - 1.5%), £(1,38) - 2.02, MS; -

32, 2 > .10, or location precues (SL - 2.2%; ML - 2.6%), E < 1.

CARD SORTING

The results of the sorting task are presented in Figure 10.

In general, the results were like the previous experiments in

showing a location-based organization. The ARCloc scores were

greater than the ARCper scores, £(1,36) - 16.02, MS; - .392 (see

Table 3). There was no effect of sentence type, 2 < 1. The pair

groupings for the two sentence groups was highly correlated and

there was a strong negative correlation between the ARCloc and

ARCper scores (see Table 4). Finally, there was no strong

tendency to group the fan level 1 items together.

Discussion

The results of Experiment 3 supported the recognition data

of the earlier experiments in suggesting a person-based

organization of the facts. Furthermore, although the presentation

of the person concept prior to the probe sentence did not reduce

the SL fan effect, it did substantially reduce the difference

between the SL and ML conditions. The difference in the retrieval

rates for these two conditions is central to the argument

concerning organization of information into mental models. An
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important point is that the person precues were able to reduce

this difference, whereas the location precues were not.

The fact that a fan effect was present in both the SL and ML

conditions for person precues is troublesome for the mental model

explanation. The reason for this finding is uncertain at this

time. It seems counter-intuitive that providing a precue to a

recognition decision would actually make performance worse. This

result may be an anomaly arising from unusually fast response

times for the fan level 1 probes. The notion that facts with a

single association are responded to faster under certain

conditions is not novel (e.g., Anderson, 1983). Another possible

explanation may lie in the differences with the amount of

sentential information the location and person precues provided.

However, this issue cannot be resolved at this time. Further

testing and possibly replication of the experiment would be

required. Despite the person precue SL and ML fan effect results,

it could be a serious error to reject the mental model account of

the effects of mental organization given the dramatic change in

the SL and ML fan effect difference.

The sorting task replicated Experiment 2 in showing a

preference for a location-based organization, although the

recognition data suggest a person-based organization. This

corroborates the notion that either overt organization or

recognition does not necessarily reflect the underlying mental

model organization.

Although there is no other evidence in the mental model

literature for such a dissociation in organization other than this

 



71

dissertation, this result does parallel some research that has

been done on schemas. Basically, recall, but not recognition, is

affected by the particular schema used to retrieve information

from memory (Alba & Hasher, 1983). In particular, studies by

Anderson and Pichert (1978) and by Hasher and Griffin (1978) have

shown that the type of previously presented information retrieved

by a subject varies with the schema suggested by the experimenter.

Subjects tend to recall information that is consistent with the

suggested schema, and avoid recalling information that is less

central to the schema. If the experimenter switches the schema

suggested to the subject, then the subject can recall information

that was previously unrecallable.

The schemas in Masher and Griffin (1978) and Anderson and

Pichert's (1978) studies provided retrieval cue sets which aided

in recall. In doing this, the schemas guided the organization of

the output of information in a fashion that may be inconsistent

with its organization in memory. It is possible that the

retrieval plan generated in both Experiments 1 and 2 was also

organized in a fashion inconsistent with the structure of the

underlying representation. In particular, the output of the facts

may have been regulated by a general preference for location-based

organization.



CHAPTER V

EXPERIMENT 4

As mentioned in the introduction, retrieval plan

organization may not correspond to mental model organizations. It

could be that the facts presented in Experiments 2 and 3 conformed

more closely to some explicitly preferred organization that

differs from the organization of the mental model. To test

whether this consideration is viable, Experiment 4 assessed the

preferred explicit organization of person-small location facts in

the absence of memorization and memory tests. Only the card

sorting task was given. The assumption here is that the explicit

organizational preference may influence the structure of a

retrieval plan which is generated for recall which may demand an

explicit organization. This is because both explicit organization

and retrieval plan creation would rely on organizational

preferences which exist in the absence of situation specific

organizations.

If the result of Experiment 4 is a predominantly location-

based organization, this would suggest that the recall and sorting

results of Experiments 2 and 3 might be due to some organizational

preference that emerges in a retrieval plan. A predominantly

person-based organization would suggest that the results of

Experiments 2 and 3 might be due to employing location-based

72
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organization specifically for free recall, and that location-based

organization is absent when this demand is not present. Finally,

differential organization preferences for PS and LS sentences

would indicate an organization preference based on either the

first or last mentioned concept (Wolford, 1971) and that a more

consistent organization in comes about when the facts have been

committed to memory.

Method

Sgpj;;§;. Thirty-five native English speakers were

recruited from the subject pool at Michigan State University and

given partial course credit for their participation. Eighteen

were in the PS group and 17 to the LS group.

M;;;11;l;_;nd_£;;;;§nz;. The materials and design of each

list of sentences was the same as Experiments 2 and 3. Subjects

were tested in two groups in conjunction with a study on bizarre

imagery. The card sorting task was presented at the end of the

bizarre imagery study. The card sorting task took approximately

10 minutes and the entire experimental session lasted

approximately 1/2 hour.

Results and Discussion

The results of Experiment 4 are presented in Figure 11. In

general, there was less organization in Experiment 4 than

Experiments 1 and 2. Though not striking, there was a general

preference for location-based organization. This is consistent

with Experiment 2. The ARCloc scores were higher than the ARCper

scores (see Table 3), although this difference was not

significant, £(1,33) - 2.73, MS; - .401, p > .10. Furthermore,
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although the scores were lower overall, the difference was in the

same direction and.was of the same magnitude as Experiment 2. The

organizational pattern for the LS and PS groups did not differ as

revealed by the ARC scores, E < 1.

Furthermore, the grouping pairs for these two groups were

highly correlated (see Table 4). There was also a strong negative

correlation between the ARCloc and ARCper scores. This indicates

that subjects generally choose one organization over the other,

although this organizational preference was not guided by sentence

type. Finally, like Experiment 3, there was no grouping of the

fan level 1 facts. This is probably because the subjects did not

invest the effort required for repeated recalls and therefore did

not discover the similarity among them.

Experiment 4 showed that, in the absence of memorization and

memory tests, there is a tendency to explicitly organize facts

about people being in small locations in a location-based fashion,

although this tendency did not reach conventional levels of

statistical significance. This suggests that the location-based

results of free recall and sorting tasks of Experiments 2 and 3,

and possibly Experiment 1 as well, were subject to this location-

based preference in explicit organization.

From the theory of recall and recognition outlined above, it

would seem that the recognition data of Experiments 1, 2, and 3

would be the more reliable measure of the structure of the
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underlying representation. This is because recognition involves

the direct access to information from long-term memory, whereas

recall relies on a memory search that is mediated by a retrieval

plan. As seen in Experiment 4, the bias in explicit organization

does not necessarily reflect the organizational structure that

would be employed in long-term memory storage. The argument here

is that the recall output organization happened to coincide with 5

the mental model organization in Experiment 1 but not in

Experiment 2 because of a preference for location-based

 
organization when explicit organization is required as shown in

Experiment 4.

In Experiments 1-4, the recall and card sort organizations

were location-based. This type of organization was probably

chosen for a number of reasons. One of the more prominent reasons

might be that people are better able to recall items organized by

location than people. Bellezza and Hatala (1992) found that when

subjects were asked to recall a set of words, they were better

able to recall words paired with rooms in their house (51%) than

with aspects of themselves (40%). Not only was actual recall of

words superior when related to spatial location, but so was recall

of the cue (rooms in the house: 98%; aspect of the self: 90%).

Bellezza and Hatala's explanation for this finding is that the

self is a more abstract and dynamic entity, whereas parts of a

house are more concrete and static, and therefore serve as better

mental cues. This notion is supported by a survey of six sets of

concreteness norms (Brown & Ure, 1969; Friendly, Franklin,

Hoffman, & Rubin, 1982; Gilhooly & Hay, 1977; Gilhooly & Logie,
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Table 6

 

Studv
 

Logation Prof;;;1;n

Brown & Ure (1969) 6.30 (25) 6.04 (20)

Friendly, et a1. (1982) 6.80 (25) 5.98 (34)

Gilhooly & Hay (1977) 5.54 (7) 5.50 (10)

Gilhooly & Logie (1980) 6.20 (73) 5.27 (90)

Pavio et a1. (1968) 6.75 (57) 6.20 (56)

Spreen & Schulz (1966) 6.71 (18) 5.88 (21)

 



 

 



78

1980; Pavio, Yuille, & Madigan, 1968; Spreen & Schulz, 1966).

Although both locations and profession names were rated very high

in concreteness, locations were consistently rated as more

concrete. The results of the survey of these studies are

presented in Table 6. Subjects in the current experiments could

have been relying on similar aspects of spatial locations when

organizing their free recall retrieval plan.

A demonstration is now needed that the person-based

organization can be revealed through recall when the retrieval

plan can be circumvented. Evidence in support of this notion

would indicate that the recall of the facts in Experiments 1 and 2

was guided by a retrieval plan organized around location concepts.

Experiment 5 used cued recall to test this possibility. Cued

recall reduces the need for subjects to organize a retrieval plan.

Subjects need only to retrieve those items associated with the cue

(location or person).

Recall times should reflect the organization of the

information into mental models. First consider conditions where

only a single response is required, where there is only one

concept associated with the cue. When the target concept is

contained within a single mental model retrieval time should be

relatively rapid because there are no other related mental models

that will interfere with the retrieval of the appropriate one.

When the target concept is represented in several mental models,
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even though the cue requires only a single concept response, these

related mental models become activated as a consequence of the

target mental model becoming activated, and interfere with the

retrieval of the needed mental model. So, retrieval time is

lengthened. The greater the number of irrelevant and related

mental models, the greater the amount of interference, and the

greater the retrieval slow down.

Now, consider conditions where multiple responses to a cue

are required. If all of the responses are contained within a

single mental model, then the retrieval of these concepts should

be relatively rapid. If the target concepts are stored in several

mental models, retrieval time can be expected to be quite slow.

Each of these mental models must be located during the

probabilistic search process and retrieved into working memory.

However, while the activation of related mental models might be

expected to hamper the retrieval of the first mental model, the

retrieval of any subsequent representations could be expected to

be aided by their activation during the previous memory sampling.



CHAPTER VI

EXPERIMENT 5

Method

Sghj;;;;. Twenty-four native English speakers were

recruited from the subject pool at Michigan State University and

given partial course credit for their participation. Half of the

subjects received PS sentences and the other half LS sentences.

An additional 3 subjects were replaced, 2 for failing to follow

instructions, and l for failing to memorize the sentences within

an hour.

Mag;11;l;_;ng_£z;;;gur;. Because one of the dependent

measures in Experiment 5 was the time needed to recall the

appropriate associates for different cue types, it was necessary

to equate the different concepts for syllable length more closely

than they had been in Experiments 2 to 4. So, the production time

of the actual words should be equivalent in the two cases. For

Experiments 2 to 4, the location concepts were clearly longer (M -

4.6 syllables) than the person concepts (M - 2.3 syllables). In

order to compensate for this, unnecessary components were dropped

from most of the location concepts. (e.g., ”new car's driver's

seat" became "driver's seat“). Also, three person concepts were

replaced with profession names that had more syllables. Thus, the

two concept types were more equivalent in the number of syllables,

80
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although the locations were still slightly longer (M - 3.0

syllables) than the person concepts (M - 2.7 syllables). The

modified materials appear in Appendix B.

The procedure for memorizing the facts was like that used in

Experiments 1, 2, and 4. Subjects took an average of 5.5 cycles

to memorize the facts, and there was no difference between the PS

and LS groups, ;(22) - 1.32, p > .20. For the memory test,

subjects were presented with the location and person concepts one

at a time. The subjects' task was to name all of the

people/locations associated with the cue. As soon as the cue was

displayed in the center of the screen, a millisecond timer was

started. When the subjects' began their responses, this triggered

a voice key and that time was recorded. This voice onset time is

referred to as RTl. When all of the concepts associated with a

cue had been recalled the subject pressed a button on the computer

mouse and the screen was erased. The time from voice onset to the

button press was also recorded and is referred to as RT2. Each

cue was presented once in each of a set of 8 blocks, for a total

of 192 trials per subject. The order of trials within each block

was randomized for each subject. The trimming procedure was

applied to both the RT1 and RT2 data. A time greater than 2

standard deviations from the mean of either RTl or RT2 resulted in

the entire trial being dropped, rather than just that portion of

the trial. This trimming procedure eliminated 8.9% of the RT

data. Voice key responses and key presses occurring before 100 ms

were also excluded from the RT analysis, as well as failures to

initially trigger the voice key but were not counted as errors.
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Subjects made an average of 1.7 of such voice keys errors on the

cued recall test, with no difference between the PS and LS groups,

; < 1. Errors were considered to be those responses which were

wrong, or where RTl or RT2 were greater than 10 s.

Results

CUED RECALL

3;;;;1;n_11m;;. The RTl data are presented followed by the

RT2 data. For the RT1 data, those conditions which required only

a single response are considered first. Voice onset time was

greater when the response was a location concept (1559 ms) than

when it was a person concept (1249 ms). There was an increase in

RTl as the number of associations with the response concept

increased (1 - 1314; 2 - 1376; and 3 - 1523 ms). However, as can

be seen in Figure 12, when the person and location responses are

considered separately, this pattern of RTls holds for the location

responses, but not for person responses. There was no

corresponding RTl increase for the person responses. This

parallels the fan effect results of the recognition test data of

Experiments 2 and 3. The only other noticeable effect was a trend

for the PS group to produce their responses sooner (1310 ms) than

the LS group (1499 ms).

For multiple responses conditions, the data from single

responses which had only 1 target concept associate was included

as a baseline. Voice onsets occurred sooner for person responses
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(1560 ms) than location responses (1760 ms). Also, there was an

increase in RT1 as the number of responses increased (1 - 1314; 2

- 1625; and 3 - 2041 ms). Although the difference was not

significant, as can be seen in Figure 13, there is a slightly

greater increase for location responses than for person

responses. In addition to these findings, the PS group made their

responses sooner (1531 ms) than the LS group (1789 ms).

The RTl data for the single response conditions were

submitted to a 2 (Type of sentence) X 2 (Response) X 3 (Response

Fan) mixed ANOVA. The first variable was between subjects and the

other two were within. There were significant main effects of

Response, F(1,22) - 70.92, MSe - 48730, and Response Fan, [(2,44)

- 7.09, MS; - 78615. There was also a significant interaction of

these two variables, {(2,44) - 6.93, MS; - 37578. Simple effects

tests showed that Response Fan was significant for the location

responses, {(2,44) - 10.45, MS; - 73344, but not for the person

responses, £(2,44) - 1.19, MS; - 42849, 2,) .30. Finally, the

main effect of Type was marginally significant, [(1,22) - 4.25,

3;; - 302585, 15 < .06.

The data for the multiple response conditions were submitted

to a 2 (Type of sentence) X 2 (Response) X 3 (Number of Responses)

mixed ANOVA. The first variable was between subjects and the

other two were within. There were significant main effects of

Response, £(1,22) - 23.88, MS; - 60607, and Number of Responses,
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£(2,44) - 66.35, MS; - 96377. The Response X Number of Responses

interaction was not significant, {(2.44) - 2.08, MS; - 59769. p -

.14. In addition. the main effect of Type was significant,

£(1,22) - 6.11, MS; - 390760.

For the RT2 data, in single response conditions, the only

noticeable difference was in the type of response. In particular,

person concepts were produced faster (562 ms) than location

concepts (669 ms). This may be due in part to the small advantage

person concepts have in the number of syllables. As can be seen

in Figure 14, there was no influence of the number of concepts

associated with the target concept.

When multiple responses are considered. there is again an

RT2 difference between person (1434 ms) and location concept

responses (2011 ms). Not surprisingly. there was an RT2 increase

accompanying an increase in the number of responses (1 - 621; 2 -

1530; and 3 - 3017 ms). As can be seen in Figure 15, the RT2

increase was greater for location than person concept responses.

Finally, the RT2 increase was greater for the LS group than the PS

group.

The RT2 data were submitted to similar analyses as for the

RT1 data. For the single response conditions, only the main
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Figure 14
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effect of Response was significant. £(1,22) - 143.23. MS; — 2901.

For the multiple response conditions, there were significant main

effects of Response. {(1.22) - 72.67. MS; - 164519, and Number of

Responses, fi(2,44) - 452.87. MS; - 155055. The interaction of

these two factors was also significant. £(2,44) - 30.15, MS; -

105090. Simple effects tests showed that the effect of Response

was significant for 2 and 3 item responses. but not for single

item responses. Finally, there was a significant Type X Number of

Responses interaction. £(2,44) - 3.73. MS; - 155055.

EIIQIS. In general. there were no interesting patterns

involving errors. Subjects made an average of 0.4% errors for

single response conditions and there were no differences for

different sentence types. response types or response fan. For the

multiple response conditions. there was an increase in the number

of errors as the number of responses increased (1 - 0.3; 2 - 3.4;

3 - 4.4%)..£(2,44) - 3.37, MS; - 65. In addition. there was a

significant Type X Response interaction, £(1,22) - 6.29, MS; - 20.

with PS subjects showing no difference between response conditions

(Person - 2.0%; Location - 1.3%) whereas LS subjects did show a

difference (Person - 2.3%; Location - 5.3%). This difference is

primarily due to 3 subjects in the LS condition who had 12%, 8.3%

and 7.3% errors respectively, whereas the highest error rate for

the PS group was 5.7%.

CARD SORTING

The results of the card sorting task are presented in Figure

16. The results. like Experiments 1 to 4. were generally

consistent with a basic location-based organizational preference.
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Figure 16
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The ARCloc scores were greater than the ARCper scores. F(1,22) -

25.48. MS; - .165 (see Table 3). and there was a negative

correlation between them (see Table 4). Finally, there was no

difference between the LS and PS groups. E < 1. and the pair

groupings between them were highly correlated.

In order to further demonstrate that the organizational

 
pattern for the card sorting task in all 5 experiments showed a

similar location-based organization, all possible pair groupings

from all of the experiments were correlated with each other.

These correlations are presented in Table 7. As can be clearly

seen. these correlations are quite high. reflecting a high degree

of organizational consistency across all of the experiments.

Discussion

There are two basic results for Experiment 5. The first was

that, for single response conditions, as the number of

associations with the target concept increased, there was an

increase in voice onset time for location, but not person

responses. This is consistent with the notion that person-based

mental models were created. Specifically. each person response

was stored in only a single mental model. Therefore, there was no

retrieval interference in this condition and RT did not increase



C e

Experiment 1 - - -
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with increased response fan. However. each location response was

stored in as many mental models as there were people in that

location. These other mental models interfered with the

appropriate one. making retrieval more difficult. This difficulty

slowed down retrieval time and therefore voice onset time as a

function of the number of concepts associated with the response.

 

The second major result was that as the number of location

responses increased. the time to report them was greater than for

the same number of person responses. This appears to be £F

inconsistent with the notion that the information was integrated

into person-based mental models. In recognition. there was no

interference (no fan effect) for conditions in which several

locations were associated with a single person. It would seem

plausible that no interference should occur for cued recall under

similar conditions. Specifically, all of the information in the

mental model would be present in working memory where it could be

checked rather rapidly.

This second result may be due to a number of possibilities.

One explanation is related to the fact that the location concepts

in this experiment were produced at a slower rate than the person

concepts. The additive location production times could have

contributed to the larger increase in RT2 for location responses.

If the production times for the two response types were equated

and there was no difference between the increase in production

times of multiple concepts of both types. this would indicate that

the RT2 results of Experiment 5 were due to a simple concept

production time difference.
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Another possibility is based on the notion that subjects

prefer to explicitly organize by location. In this experiment.

while the single response conditions did not require a retrieval

plan. one may have been used for the multiple response conditions.

In keeping with the previous experiments. it could be assumed that

the retrieval plan would be organized in a location-based fashion.

In such a case, the slow-down for the RT2 location responses would

be due to a cue switching process as part of the structure of the

retrieval plan. So. given equivalent production times for both

response types, the recall of several locations would still take

longer.

A third possibility is based on the notion that the internal

structure of a memory trace may be complex and not immediately

available when retrieved into working memory (Raaijamakers and

Shiffrin, 1981). The SAM model does not state what sorts of

internal structures are possible, and what sorts of effects of a

search of the internal trace structure can be expected. However.

it has been suggested by other researchers that the verification

of relational information could occur after retrieval of a trace

from long-term memory (Dosher, 1983). The SAM model could be

modified to include an internal trace search stage that would fit

with its characterization of recognition and recall and be

generally consistent with the spirit of the model. If this

possibility were correct, it could also lead to the multiple

response results of Experiment 5. An experiment proposed at the

end of the general discussion would serve to test between the

second and third possibilities.
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In summary. for Experiment 5 the pattern of voice onset RTs

are accounted for by the organization of facts into person-based

mental models. but the pattern of response production times is

more problematic. At this point it cannot be determined whether

this is a circumstantial result of the particular stimuli used,

with locations taking longer to produce than people, or whether

this pattern of data is due to some more complex processes

operating in the recall of information from mental models. More

research is needed.



CHAPTER VII

QUESTIONNAIRE

Finally. the results of the questionnaires from all of the +1!

experiments are provided in Table 8. The first question was open

ended and concerned subjects' memorization strategies. Location

 
and Object/Person refer to responses which indicate a location- or

object-/person-based organizations. Generic grouping means that

the subject referred to an organizational grouping, but did not

specify any particular grouping orientation. Image responses are

descriptions of memorization strategies that referred to forming

an image. while Stories are responses that described an attempt to

either create an actual story out of the memorized sentences. or

to create some meaningful relation between the main concept types.

such as ”A carpenter drove a nail into someone's head and must go

to confession." Relate to familiar refers to a report which

conveys the attempt to relate the facts to their personal

knowledge. such as imaging a lawyer friend of theirs in the

situation. Alphabetic refers to the strategy of relying on common

alphabetic characteristics of the main concept (e.g., garpenter -

;onfessiona1). and repetition refers to trying to memorize the

facts by repeating them over and over. Finally. for No method.

subjects either reported nothing or something that gave no

information (e.g., "I memorized the sentences.") The data were
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Table 8

e ts of Post- st estio

Location Object/ Generic Image Stories

person grouping

Experiment 1 33.3 8.3 25.0 29.2 8.3

Experiment 2 41.7 4.2 12.5 12.5 20.8

Experiment 4 25.0 2.5 0.0 37.5 32.5

Experiment 5 37.5 0.0 25.0 20.8 37.5

Mean 34.4 3.8 15.6 25.0 24.8

Relate to Alpha- Repetition No Method

fgmlligg hetic

Experiment 1 8.3 0.0 4.2 4.2

Experiment 2 4.2 12.5 0.0 8.3

Experiment 4 10.0 25.0 7.5 12.5

Experiment 5 12.5 12.5 4.2 4.2

Mean 8.8 12.5 4.0 7.3

Question #1: Briefly describe. in your own words. how you tried

to memorize the sentences.

2 3 it 5 .6 1

Yes Yes Yes Same Sgge Xes

Experiment 1 87.5 25.0 45.8 100.0 75.0 12.

Experiment 2 70.8 16.7 41.7 100.0 95.8 29.

Experiment 4 84.6 33.3 30.8 97.4 94.9 30.

Experiment 5 91.7 20.8 25.0 100.0 95.8 12.

Mean 83.7 24.0 35.8 99.0 90.4 21.

Question #2:

head?

Question #3: Did you try to fashion a story out of the sentences

you were memorizing?

Question #4: Did you try to think of a sequence of events about

the things described in the sentences to help you memorize?

Question #5: When a location was mentioned in more than one

sentence, did you consider it to be the same location each

time (e.g., the same barber shop or different barber shops)?

Question #6: When an object/person was mentioned in more than one

sentence, did you consider it to be the same object/person

each time (e.g., the same cola machine or different cola

machines)?

Question #7: If an object/person was described as being in more

than one location, did you imagine it traveling from one

place to another?

Did you try to form an image of a scene in your

U
'
I
Q
N
U
I

w
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sorted into these categories only by myself. The numbers in the

table do not add up to 100% because some subjects reported using

more than one method.

 

In general, there were few meaningful differences among the F

experiments. The basic pattern reflects strategies that rely on

considering the facts as descriptions of situations, such as

forming images of scenes or generating stories about them. The '

large preference for forming images also probably lead to the high

proportion of location-based overt organization output strategies.

For Experiment 1 (object-location sentences) there was a greater

tendency to consider each object as a different instance, whereas

for the rest of the experiments (person-small location sentences)

there were very few instances of considering a person in different

places as being a different person. In addition, subjects in

Experiment 1 were less likely to create stories or imagine an

object being moved from place to place. This may be due in part

to the fact that the objects are inanimate, would serve as poor

story protagonists, and lack the ability to voluntarily move from

place to place. Instead, the preference would be to consider each

object a different instance in each location.



CHAPTER VIII

GENERAL DISCUSSION

Summary of the Current Experiments. P

A set of five experiments was conducted that centered on how

the retrieval of information from mental models differs during

 
recognition and recall. This survey was guided by the SAM *

(Gillund & Shiffrin, 1984) model of memory. In Experiments 1 and

2, the organizational basis indicated by recognition varied with

respect to the type of materials used. In particular, the

recognition data suggested that facts about objects being in

locations produced location-based organization, whereas facts

about people being in small locations produced person-based

organization. However, the organizational basis suggested by free

recall was location-based in both cases. To assess the

dissociation of recall and recognition, especially in Experiment

2, additional experiments were conducted.

The cued recognition test in Experiment 3 failed to fully

supported the recognition test results of Experiment 2. Person

precues were able to attenuate the SL and ML fan effect

difference, whereas location cues did not. However, the reduction

in the fan effect for the SL condition. Further research is

needed to resolve whether these results actually reflect selective

facilitation or interference from the person precues.
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The proposed explanation for the discrepancy between the

recall and recognition data of Experiment 2 is based on the notion

that free recall requires a retrieval plan and that the preferred

organization of the retrieval plan is one based around location

(Bellezza & Hatala, 1992). Using only a sorting task, Experiment

4 demonstrated that subjects preferred a location-based

organization of person-small location facts. This organizational

preference, even in the absence memorization and memory tests is

thought to have been carried over to the organization of the

retrieval plan, which consequently leads to the retrieval of

person-small location facts in a location-based fashion. In I

general, the card sorting task in all experiments generally

paralleled the preference for location-based organization

suggested by free recall.

In order to circumvent the retrieval plan, Experiment 5

employed a cued recall test in which only a small subset of items

were recalled on each trial. For voice onset times, a fan effect

was observed for location response preparation in accordance to

the fan effect results seen in recognition tests. This was true

for both single and multiple response conditions. However, the

production time data showed that producing several locations took

longer than producing several people. This is inconsistent with

the mental model view which would seem to predict that the

production of several locations would be faster because they are

all contained in the same representation. Several potential

explanations for the results of the multiple response conditions

were presented, although none are supported at this time.
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Future Directions

The next step after the experiments reported in this

dissertation would be to reexamine the ambiguous results that

arose at some of the more critical junctures of this

investigation. This first is would be a replication of Experiment

3, the precuing experiment, to assess whether the change in the

retrieval pattern following a person precue was due to an increase

in the ML fan effect to more closely approximate the SL fan

effect, or a decrease in the SL fan effect to more closely

approximate the ML fan effect. Perhaps the most important change

to make in a replication of that experiment would be to equate the

concepts for length. The pattern of results observed in the

person precue condition may have been due in part to the

inequality in the concept lengths.

The other ambiguous result that requires closer examination

is that of Experiment 5, the cued recall experiment. The first

step to take would, again, be to more closely equate the two

concept types for length, syllable length in this case. The

difference between the two concept types in the present case,

though small, may have been large enough to produce the results

observed, or other factors, like frequency, or phonological

structure may have been important. An absence of a difference in

the multiple response production time increases for different

response types, given a difference in the pattern of voice onset

times that parallels that found in Experiment 5, would indicate

that the RT2 results found were due to a simple difference in the

production time of the different concept types.
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However, if a difference between the increase in production

times were to remain with an equating of general concept

production time, then some means would be needed to differentiate

between the retrieval plan and internal search of the memory trace

possibilities outlined in the discussion section of Experiment 5.

The best way to provide for such a differentiation would be to

have the subjects memorize object-location facts rather than

person-small location facts. Under those conditions, if the

multiple response production time is greater for the location

responses, this would provide support for the second possibility

which is based on the notion of a location-based retrieval plan

guiding response output under multiple response conditions.

However, if the multiple response production time is greater for

the object responses, this would provide support for the third

possibility which is based on the notion of interference during an

internal search of a complex memory trace.

Summary

In summary, the research presented in this dissertation

demonstrate that different types memory tests are subject to

different types of organizational influences on dependent measures

which are used as indicators of mental organization. In

particular, tasks that require the access of only small sets of

information, such as recognition and cued recall, demonstrate a

pattern of data that reflects the organization of information into

mental models which are mediated by the information content.

However, in tasks that require the access of larger sets of

information, such as free recall, in which the subject needs to
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create some reliable output organization, the pattern of data

reflect the organization of information around spatial locations,

regardless of the information content. This organizational

preference was also observed when subjects were explicitly asked

to organize the information into groups of their own choosing.

The data reported here largely reflect the position that

subjects are organizing the facts into mental models, although it

is also decidedly weak at some critical points. The mental model

organization that is assumed to be generated and stored does not

necessarily impact on information retrieval, especially under

conditions when a needed retrieval plan is organized in a fashion

in contrast to the situational organization. Such a retrieval

plan organization may reflect more conscious strategies, such as

relying on concrete aspects of the information. like location,

that could be used in generating a mental image.

Such a dissociation between the structure of the underlying

representation and the overlaying retrieval scheme, even in the

absence of experimenter influence (e.g., Hasher & Griffin, 1978),

brings into question the purpose and utility of creating situation

oriented representations when the mechanisms for retrieval may

disregard this organization in the access of the desired content

information. This dissociation could have impacts on processing

that were not observable here. For instance, it may be that under

conditions where there is a gross mismatch between the storage and

retrieval structures that more retrieval errors would occur. Such

effects could easily have been missed in the research reported

here because of the high degree of overlearning and very low error
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rates. More research is needed to resolve the implications of the

differences between information output organization in recall and

recognition from mental models, but an important beginning has

been made.



APPENDICES



Broken Window

Bulletin Board

Ceiling Fan

Cola Machine

Digital Wall Clock

Fire Extinguisher

Oak Counter

Pay Phone

Potted Palm

Revolving Door

Welcome Mat

Wire Waste Basket

a d

105

APPENDIX A

es se n x e

Leasing

Airport

Barber Shop

Car Dealership

City Hall

Cocktail Lounge

Ice Cream Parlor

High School

Hotel

Laundromat

Movie Theatre

Office Building

Public Library
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APPENDIX B

b - ~ eac - -- a -s . ,- -- i; .o- ue - lq~

the d ons f the o t

tal s w e used in x er ment. 0 ake um s

f h o a s e uiv e

222219.; mum

Architect Old Tire Swing

Banker New Car’s Driver's Seat

Carpenter Nearest Voting Booth

Doctor (Janitor) Store’s Dressing Room

Engineer Back Room’s Tanning Bed

Farmer Greyhound Bus's Bathroom

Grocer Ornate Throne

Lawyer (Psychologist) Witness Stand

Mechanic Telephone Booth

Salesman (Senator) Operating Table

Teacher Blue and Yellow Kayak

Writer Dark Confessional
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