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SUMMARY

A dialog experiment using rote materials was conducted to develop
and extend a model of human acquisition strategies. The model (a)
accounts for strategy differences induced by instructions; (b) describes
individual differences in strategies; (c) is compatible with analysis of
some effects of visual displays on the subjects' performance in the dia-
log task and consequent measures of long-term retention; (d) incorporates
previous results in human scanning processes.

Semantic information measures are employed to describe informa-
tion transfer in the experiment. A computer program based on these
measures calculates the theoretical information state of subjects at
each state of the dialog experiment. These calculations, along with
corresponding plots produced by the program, allow a quantitative dis-
cussion of different learning strategies.

After examining the characteristics of rote learning strategies,
methods of applying dialog experimentation to research in concept forma-

tion are considered.



CHAPTER I

INTRODUCTION

Most traditional experiments requiring information acquisition
allow the learner little control over the presentation of materials.

The sequencing and rate of information is usually determined by the
experimenter. Normally, the experimenter is testing certain conjectures
and sequences the presentation of materials to that end. Consequently,
while such experiments may produce reliable data about some aspects of
human learning and memory, these results may not reflect the information
acquisition strategies the subjects would adopt without the constraints
imposed by the experimenter.

A more accurate picture of human information processing may be
evident if the learner is allowed to overtly assist in controlling the
sequence and the rate of materials presented in the experiment. This
notion was forwarded by Bruner, Goodnow, and Austin [1956]. In effect,
the transactions between the experimenter and the subject would not be
so dominated by the experimenter as in most traditional experiments.
Dialog experiments allow the learners to actively participate in the
presentation of materials. With tﬁe aid of semantic information measures
proposed by Carnap and Bar-Hillel [1964], Stapleton [1974] described
information acquisition in some dialog experiments involving paired-

associate learning. Stapleton also gave a thorough description of how

dialog experiments can be conducted.



Purpose of the Present Research

In the dialog experiments conducted by Stapleton subjects learned
one-to-one randomly assigned paired-associates. Together with formaliz-
ing dialog experimentation in terms of the Carnap and Bar-Hillel infor-
mation measures and a formal description of conversation proposed by
Harrah [1963], Stapleton also produced models of acquisition and re-
hearsal. (These mechanisms will be discussed in detail later). Staple-
ton's experiments were conducted without the use of any visual external
memories. The present research is addressed to (1) a knowledge of the
effects the use of a read-only external memory may have on acquisition
and retention in dialog experimentation; (2) a refinement of the acqui-
sition model proposed by Stapleton; (3) a clearer underst%nding of how
to approach concept formation tasks via dialog experimentation; and (4)
an initial effort to automate the computation of information transmis-

sion in dialog experimentation.

Review of Pertinent Literature

To place the research in perspective, a review of the appropriate
literature from psychology and logical probability should be helpful.

Models of Memory

Since the experiment to be discussed involved learning, a brief
discussion of models of human memory is appropriate. Currently, the
most popular models of human memory utilize multi-store theories. In
particular, theories that distinguish long-term memory (LTM) and short-
term memory (STM) levels have received the most attention. Discussion

of the justification of the existence of funetionally different levels



ol memory dare numerous. Por instance, dvpuments proposced by Broadbent
[1958], Hebb [1949], and Milner [1967] justify the different levels for
various reasons. Broadbent distinguishes LTM and STM on the basis of
different forgetting rules. Milner reports on the case of a brain-
damaged patient who was unable to form new LTM traces but whose STM
operated normally. Hebb separated STM and LTM on physiological dif-
ferences.

Although different researchers disagree on some points, the gen-
eral characteristics attributed to STM and LTM are fairly standard
(Kintsch [1970]). STM is a memory with a limited capacity from which
information is lost unless retained in STM by active rehearsal.
"Rehearsal" means that the item is brought to the attention of the
learner. Arguments for claiming that STM has a limited capacity have
been stated by Miller [1956] and Broadbent [1963], among others.
Miller's famous claim is that STM holds "7+2" items. Miller [1956] and
Murdock ([1961] have shown that the information content of items in STM
may vary due to the "chunking" phenomenon. Dillon and Reid [1969]
concluded that STM may be in effect only three or four seconds. This
result was derived by presenting rote materials to subjects and then
varying the difficulty of intervening tasks before recall. Dillon and
Reid suggest that the more difficult the task, the less chance for re-
hearsal; consequently, fewer items are retained in STM. Experiments by
Brown [1958] and Murdock [1963] indicate that interfering items also
cause forgetting from STM. One may be presented with paired associates

and then several intervening items and then tested on the original item.



Information selected for more permanent storage enters LTM. This
memory has no known capacity. Forgetting from LTM is relatively slow
and may take two forms: actual loss of items from memory and inability
to retrieve stored information.

Waugh and Norman [1965] formulated a model of human memory
utilizing LTM and STM distinctions. They assumed that STM has a limited
capacity and that old items are replaced as new ones enter. However,
items may be retained in STM by rehearsal. According to Waugh and
Norman, the probability of recalling an item from STM decreases serially
as new items are entered into STM. The probability of retrieval from
LTM increases monotonically as a function of the number of times an
item is rehearsed. The probability of recalling an item from LTM is
independent of its serial position. The rehearsal model for dialog
experimentation developed by Stapleton includes features of the Waugh
and Norman model. Atkinson and Shiffrin [1968] also developed a model
of memory that utilizes the distinctions between STM and LTM. Atkinson
and Shiffrin include a fixed size rehearsal buffer in their model and
claim that rehearsal strategies are the dominant features of the learn-
ing process. In both models STM serves as an input/output window for
LTM.

There are, of course, theories of memory that compete with the
multi-level theories. Melton [1963] argues for a one process theory of
memory on the basis that it is not clear what limits the capacity of
STM. Is the capacity of STM limited by the number of items that can be

stored or by the processing that must be performed on the items? If



one is read a list of six numbers and asked to find their sum, the task
may be more difficult than simply repeating the numbers involved. Craik
and Lockhart [1972] claim an item enters LTM on the basis of the level
of processing it receives. They discount the necessity of multi-store
theories.

It should be noted that visual short term memories proposed by
Sperling [1963], Posner [1969], and Keele and Chase [1969] are not con-
sidered relevant to the present research since the subjects, in those
experiments, viewed the display for only a few milliseconds and informa-
tion is only briefly available from this store (approximately one second
or less). This is not the case in the experiment conducted here.

Models of the Paired-Associate Task

Since the experiment conducted employed paired-associate learn-
ing, a review of some notable models of this procedure may be helpful.
With varying degrees of refinement, mathematical models of PA learning
have been proposed by Bower [1961], Bush and Mosteller [1955], Atkinson
and Crothers [1968], Restle [1965], and Kintsch [1963], among others.
Goss, Morgan, and Golin [1959], proposed a classical conditioning model
of PA learning. Underwood and Schulz's [1960] two-stage model of PA
learning assumes (1) a response learning stage and (2) an associative
stage. Other researches have increased the number of stages proposed
by Shulz and Underwood. McGuire's [1961] mediation model claims the
subject first forms a functional stimulus from the nominal one before he
learns the response and subsequent association. Newman [1961] postulates

a mediation model with five stages. Battig [1968] lists ten possible



stages in PA learning. The mediation models of PA learning will be of
particular importance here.

Example of a Dialog Experiment

Before discussing semantic information measures, it is appropri-
ate to give an example of a dialog experiment to clarify how these meas-
ures can be applied to such experiments. The dialog experiments to be
discussed here, as well as those conducted by Stapleton, required sub-
jects to learn one-to-one matches between all items in two distinect and
non-intersecting sets of equal cardinality. The matches are randomly
assigned. However, the methodology can be extended to other types of
matching rules. We will consider a sample dialog experiment in which a
subject has no visual external display available.

Suppose the subject is told that each item in the set S =
{1,2,3,4,5} matches exactly one item in the set R = {A,B,C,D,E} and that
the matches are randomly assigned. The subject is asked to identify the
correct matches by asking simple, conjunctive, or disjunctive questions
that can be answered YES or NO by the experimenter. Also, the subject
is instructed to attempt to retain in memory all previously learned
pairs. To this end, the subject is asked to overtly._rehearse (repeat in
an audible manner) previously learned pairs whenever desired. In addi-
tion, the subject is reminded that since the matching rule is one-to-
one, any previously matched responses can be deleted from future acqui-
sition questions. The criterion for completion of the task is that the
subject recite, without interruption, all of the correct matches.

Assume the correct matches are 1-B, 2-E, 3-D, 4-A, and 5-C. Let



1-A,B,C mean that the subject asked "does 1 match A, B, or C" (or a
linguistically equivalent question). 1-B+2-E means the subject asked
"does 1 match B and 2 match E." Then a subject's protocol could be the

one presented in Table 1.

Table 1. A Hypothetical Protocol

Number Question Answer
1 1-A,B,C YES
2 1-A NO
3 1-B YES
4 2-A,C NO
5 2-D NO
6 2-E YES
7 1-B+2-E YES
8 3-B,C NO
9 3-D YES

10 1-B+2-E-3-C NO
11 3-C NO
12 3-E YES
13 4-A YES
1u 5-C YES
15 1-B+2-E+3-D*Y4-A+5-C YES

This hypothetical protocol is shorter than those obtained from
subjects. However, some general observations can be made. Questions
such as 1, 2, 3, 4, 5, 8, 9, and 13 in the protocol will be called
acquisition questions whose answers deliver information to the subject

(or just acquisition questions) because the number of possible matches



for the items involved is reduced by the answers. Questions 6 and 14
are not considered acquisition questions because those matches can be
deduced from previous questions. (A finer distinction is made in Appen-
dix A.) Questions 7, 10, 11, 12, and 15 (as well as Questions 6 and 14)
are rehearsal questions since they do not reduce the number of possible
matches for any item. Questions 6, 7, 12, 1lh4, and 15 are '"correct" re-
hearsal questions since all items are properly matched. Questions 10
and 11 are "incorrect" rehearsal questions since at least one pair in
the conjunctive question is not correct, according to previously given
answers. Question 15 demonstrates criterion for the task. Also, notice
that in Question 8, response item B could be deleted with no loss of
information delivered since the subject could remember that 1 matches B
and the rule is one-to-one.

Stapleton offers a detailed discussion of differences between
acquisition and rehearsal questions. For our purposes, it is sufficient
to state that any question whose answer delivers an information value
greater than zero is an acquisition question. A rehearsal question is
one whose answer delivers no added information. (These remarks are
expanded in Appendix A.) It must be noted that any rehearsal question
delivers no information because information gain is calculated strictly
from the viewpoint of a perfect processor. Certainly, if a subject for-
gets a previously acquired match, subsequent questions may be viewed as
acquisition questions by the subject but counted as rehearsal questions
by the information measures because the added information is zero. One

intent of the present research is to compare subjects' theoretical



information states with their actual information states. The proposed
interpretation of rehearsal permits this analysis. In addition, assign-
ing information values relative to subjective information states requires
assumptions about subjects' knowledge states that would be difficult to
justify. A subjective interpretation of the information measures re-
quires further analysis and will not be attempted here.

Finally, one more convention is functional. When a subject asks
a question of the form "does a; match bj,...,bm," item a will be con-
sidered the stimulus member of the potential paired-associate and the
proper match, say bk’ will be the response. As will be shown, subjects
normally select one set and use all the elements as stimulus elements.
The same is true of responses. In the sample protocol just examined, the
set S = {1,2,3,4,5} served as the set of stimuli and the set R =
{A,B,C,D,E} as the set of responses. As will be shown later, this con-
vention also has psychological validity.

Measure of Information Transfer

In 1950 Rudolf Carnap published Logical Foundations of Proba-
bility in which he proposed measures for assigning probabilities as
degrees of confirmation to sentences in a formal language. This inter-
pretation of probability is known as logical probability and must be
understood distinct from probability interpreted as a relative frequency
measure. This development in inductive logic permitted Carnap and Bar-
Hillel [1964] to outline semantic information measures (SIM) utilizing
logical probabilities. The work by Carnap and Bar-Hillel is limited to

unquantified languages.
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Stapleton [197u4] gave a description of how the SIM proposed by
Carnap and Bar-Hillel, with the aid of an analysis of questions similar
to that proposed by Harrah [1963], can be applied to a class of dialog
experiments. The analysis of questions by Harrah and Stapleton allows
one to construct a representation of the type of questions observed in
certain dialog experiments. This representation of the questions allows
the questions to be formalized in the language upon which the SIM oper-
ate. This procedure permits the calculation of the information content
of a question. While a complete review of the analysis by Stapleton is
not feasible, a brief summary of the work by Carnap and Bar-Hillel is
helpful.

The measures proposed by Carnap and Bar-Hillel are given for
language systems LE which have n different individual constants and w
primitive one-place predicates with n and wm finite. The following

logical connectives are available.

~ not negation

Vv or disjunction
» and conjunction
> if ... then implication

= if and only if equivalence
The morphology of the language L2 is prescribed as follows: an
atomic sentence is a single predicate followed by an individual con-
stant; the set of molecular sentences is the closure of the set of
atomic sentences under the operations of appropriately prefixing and in-
fixing the connectives mentioned. A basic sentence is an atomic sentence

or its negation.
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Fundamental to the SIM of Carnap and Bar-Hillel is the concept of
a state description. A state description in L: is a conjunction con-
taining as components for every atomic sentence either it or its nega-
tion, but not both, and no other sentence. Then L: has mn components in
each of its state descriptions and has a total of 2™ state descriptions.

Consider the language Lg, where A, and A2 represent the individual

1

constants and Pl, P2, P3 are the predicates. Let PiAj (as well as ~PiAj)
represent an atomic sentence. Then Lg has 64 state descriptions of

which

Fyfy™~Fyty Byilg“~Fohy "Hoh, tFaly
is an example. A state description represents a possible state of the
universe relative to LE. As pointed out by Stapleton, in the dialog
experiments under consideration the subjects have the problem of select-
ing one state description as correct.
In the learning experiment to be described, subjects are required

to map a set of k stimuli {s "Sk} to a set of % responses {rl,

125p0+"

Lhyeeesl }. Such a situation can be formalized in Lt by letting a basic

2
sentence of the form PiAj (or NPiAj) means that stimulus i 1l<is<k is
matched to response rj, 1<j<%. Then, there are 2k2 possible state
descriptions. As a result, with no instructions whatever except that a
mapping rule is to be discovered, a subject is confronted with the task

of identifying one of the state descriptions as '"correct." After pos-

sibly receiving instructions about the nature of the rule to be learned,
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the subject proceeds to ask questions to elicit enough information to
identify the correct rule. This process eliminates all but one state
description. The use of the Li formalization of the experimental
language provides a means of measuring the information contained in the
instructions to the subject and deriving a complete trace of the sub-
ject's information state (from the viewpoint of a perfect processor)
during the dialog experiment.

Specific SIM. Now we must consider the specific SIM from Carnap

and Bar-Hillel that is utilized in the dialog experiments. This descrip-
tion will be brief. Define the content (CONT) of a statement, i, in Lz
as the class of state descriptions excluded by the statement, i.

CONT(i) =.. 1-m(i).

df
m is a measure function over the sentence of L:. m(i) is the logical
probability of i. The greater the logical probability of a statement,
the smaller its content measure. To insure additiveness on condition
of inductive independence, the information measure

o 1 o .
Inf(1) =4¢ 1og) yoponerry - ~1ogm(d)

is defined. The Inf function is the SIM fundamental to the dialog
experiments.
This description is for motivational and intuitive purposes only.

One must refer to Stapleton [1974] and Bar-Hillel [1964] for the complete
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picture. Perhaps an example will help.

Suppose i = ~P_A <P A_-P_A_ in L3

271 172 273 2 Also, assume that all state

descriptions are weighted equally. Since each state description is com-
posed of six basic sentences, there are eight state descriptions in which
i is a component. Since any sentence in L: is logically equivalent to a

disjunction of state description,

CONT(i) = 1 - 8[_1.] _ 56

64 64
then,
Inf(i) = log, —=—— = 3
2 _%6 7
64
since m(Zi) = _%E for all state descriptions Zss l<i<oey,

2
Application of SIM

In the dialog experiments to be considered here, there are 12
stimuli and 12 responses. The matches were one-to-one and randomly
assigned. A computer program, based on observed acquisition strategies,
monitors information transfer from experimenter to subject during the
experiment. The Inf function is used as the basic function from which
another function, IncInf, is derived. IncInf (s|h) measures the infor-
mation of sentence sAh above that of h alone. Here h is the "history"
or the conjunction of all previous sentences delivered in the experiment,

by instructions and by the answers to questions.

IncInf (s|h) = Inf(sAh) - Inf(h).
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This function allows a plot of the accumulation of incremental informa-
tion against questions. The plots show (1) the amount of information
contained in the instructions relative to the formal languages; (2) the
amount of information revealed at each state of the dialog; (3) the
point at which the maximum or total amount of information is available
to the subject. The plots revealing information flow can be generated
by the program with the aid of a magnetic tape driven plotter.

It must be emphasized that the plots and incremental information
measures reflect only information flow relative to the names of the
paired-associates learned by the subject. Since subjects invariably
sought information about pairs by phrasing questions in terms of the
names of the items, this interpretation is warranted. Additional com-
ments about other associations sometimes formed by subjects and a pos-
sible informational interpretation of these bonds is given in Chapter

III.

Hypotheses to be Tested in the Experiment

Encoding by Name or Position

Recall that in the dialog experiments discussed, the subject's
task can be viewed as identifying a state description expressed in the
formal language developed by Carnap and Bar-Hillel [1964]. In particu-
lar, if the set of proper matches in L; is 1-B, 2-A, then (letting xy
mean stimuli x matches response y) the correct rule is the state

description

~1A«1B«2A+~2B.
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What effect could a visual read-only memory have on the intended problem
space? As previously discussed, Underwocd and Schulz [1960], Martin
[1967], Newman [1961] and others have evidence that subjects often form
a functional stimulus (or response) from the nominal stimulus (or
response) if more than one component is available. Then, when a subject
has continuous access to a visual display on which the stimulus and
response items appear he may associate positions of items on the display
instead of the names of the items. The items that will be available on
the display are ordered in a manner such that it is appropriate to con-
sider an item's position as its "serial position." The visual display
presents both stimulus and response elements in serial order by rows.

In the present task, which is illustrated by Figure 1, the items in the
display can be analyzed into at least two components. One component is
the name of the integers presented and the other is its serial position
in the display. The notion that serial position is a stimulus in some

experimental situations has been proposed by Ebenholtz [1963].

Display 17 22 13
Name Seven- Twenty- Thir-
Component teen two teen
Order First Second Third
Component

Figure 1. Name and Position of Items
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If a subject associated items (or some items) by serial position
instead of by name, then the subject appears to be utilizing mediators.
Let P(x)P(y) mean that the position of stimulus x matches the position
of response y. Then in the example above, the subject may learn the

rule

~P(1)P(A)+P(1)P(B)-P(2)P(A)+~P(2)P(B)

instead of the intended rule

~1A«1B+2A+~2B.

Of course, in some cases a rule between these two, associating some names
with positions, may also be formed. Since such deviations may not be
evident during acquisition, a series of long-term retention tasks will
be administered to assess this conjecture.

Since comparisons will be made between subjects who learn with
and without an external memory, care must be taken to ensure that
response learning, response discrimination, stimulus learning, stimulus
discrimination, and response-stimulus discrimination (as proposed in
mediation models of paired-associate learning) are eliminated from the
task. Therefore, two digit integers and letters of the alphabet will
be used as learning materials.

éggmentation of STM

Newell and Simon [1972] speculate on the merging of STM and a

read-only external memory in problem solving. Specifically, they state
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From a functional viewpoint the STM should be defined not as an
internal memory, but as the combination of (1) the internal

STM . . . and (2) the part of the display that is in the sub-
ject's foveal view. . . . How imperically the two memories are
merged is not clear. . . . The merging issue is whether, in order

to use any information in the EM [external memory] to affect
behavior, it must be read into the internal STM and symbolized
there, or whether the foveal symbols in the EM, one recognized
and remaining in foveal view, are part of the STM without further
acts of reading and recognitiocn.

Similarly, it is not clear whether only the instantaneous
foveal region could be merged with STM or whether a somewhat
larger region, connected by adequately indexed saccades might

be available. . . . The larger memory region could . . . [per-
mit] modified rehearsal strategies. The external augmentation
is read-only memory . . . but it can relieve the STM of main-

taining fixed information that it must have.
If the visual display does have such an effect, one may expect the long-
term recall of subjects who learned with the display to be poorer than
the long-term recall of subjects who learned without the display. Of
course possible associations between positions of items instead of names
of items by subjects who had the display available must be considered.
The present experiment may clarify this possibility. If STM is augmented
by the display, the subsequent modified rehearsal pattern may prevent
some information from entering LTM.

Processors and the Acquisition Model

Stapleton [1974] presented an information processing model of
acquisition in dialog experiments similar to the present one. The model
proposed by Stapleton seems to adequately describe strategies of sub-
jects who performed well in the experiment. However, the model lacks
desired flexibility because it does not easily account for different
learning strategies. Subroutines that differ substantially must be in-

serted in the model to describe different but consistent behavior among
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subjects. A method of rectifying this incompatibility is to separate
processors that are individually determined from those that may be more
universal.

In particular, it is felt that a subject's method of partitioning
the response set while seeking the match for a stimulus is verbally
reportable. However, this may not be true for various high speed memory
searches the subject performs in the course of the experiment. Reaction-
time experiments verify their assumption. The conjecture that a sub-
ject's partitioning strategy is under verbal control is tested in the
experiment by suggesting a strategy to half of the subjects. In order
to detect effects of the instructions on strategy, subjects were informed
of the strategy that (1) on the average requires the fewest number of
questions to identify the match for a stimulus and hence the fewest
number of questions to complete the dialog task; and (2) on the average
delivers the most information on a question relative to the Carnap,
Bar-Hillel [1964] IncInf measure. This strategy is, of course, the
binary search strategy in which the subject phrases questions of the
form "does S5 match Pj,...,rm" such that the set of responses {rj,...,
rm} is composed of one-half (or as near to one-half as possible) of the
possible matches. Stapleton showed that this strategy requires the few-
est number of questions on the average. The straightforward but lengthy
proof that this strategy also delivers the maximum amount of information
(on the average) appears in Appendix B. While these proofs are concep-
tually similar, it is desirable to approach the problem from both view-

points. It is not obvious if subjects are minimizing questions or
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maximizing information. In each proof, it is assumed that the matches
are randomly assigned. Without this assumption the theorems are not
valid as stated. The proof in Appendix B somewhat parallels the develop-
ment of the Shannon, Weaver [1949] entropy measure but is approached
from the viewpoint of state descriptions since the IncInf function is
defined in the Carnap, Bar-Hillel formalization.

Also, in order to compare variations in strategies induced by the
presence of a visual display, individual subjects--with appropriate con-
trol--were asked to perform dialog learning tasks with and without sup-
port of the external memory. This comparison should reflect any differ-
ences in strategies. Preliminary data indicated that subjects may order
stimulus and response items differently for the subsequent matching pro-
cedures if a display is available.

Verification that such strategies are verbally reportable invites
an analysis of acquisition that separates high speed memory scans from

more deliberate procedures.
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CHAPTER II

EXPERIMENTAL PROCEDURE

Subjects
Twenty-four undergraduate college students from an introductory
psychology class were used in this study. Subjects received class credit

for participation.

Procedure
The subjects were randomly divided into an experimental group and
a control group. Each group participated in two dialog paired-associate
tasks. For each subject, the experimental sessions were separated by 2u
hours and one paired-associate task was conducted during each session.
Also, subjects were given retention tests over the pairs learned during
the first experimental session on their second day of participation.
The retention test preceded the second paired-associate task.
The learning conditions that were studied are
1. Verbal (VR). Subjects in this condition learned the
paired-associate items with no visual display avail-
able. Subjects in this condition will often be
referred to as werbalizers.
2. Visual (VS). Subjects in this condition learned the
paired-associate items with a visual display contain-
ing the items available. Subjects in this condition

will often be referred to as visualizers.

3. Instructional (I). Subjects in this group were
instructed in the binary search procedure.



The 16 subjects in the experimental group learned a set of paired-
associate items in each session. They had the visual display available
during one session and did not have it available during the other ses-
sion. Hence, they were verbalizers one day and visualizers the other
day. Subjects in the control group learned the pairs under the same
conditions (verbal or visual) each day.

Different lists, List 1 and List 2, were learned on different
days. In addition, one-half of all subjects were instructed in the

binary search procedure. All conditions were counterbalanced. Let

VRL1I - VSL2I

mean that a subject learned List 1 during the first experimental session
under verbal conditions and List 2 during the second session as a visu-
alizer. "I" means the subject received instructions in the binary search
procedure. Using this same notation and letting N mean the subject re-
ceived no instructions in the binary search procedure, the following
experimental groups were run

1. VRL1I - VSL2I

2. VRLIN - VSL2N

3. VSL1I - VRL2I

4. VSLIN - VRL2N

5. VRL2I - VSL1I

6. VRL2N - VSLIN

7. VSL2I - VRLI1I

8. VSL2N - VRL2N
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The control conditions studied were
1. VRL1I - VRL2I
2. VRLIN - VRL2N
3. VRL2I - VRL1I
4, VRL2N - VRLIN
5. VSLLI - VsSL2I
6. VSLIN - VSL2N
7. VSL2I - VSL1I
8. VSL2N - VSLIN

Each subject, in turn, was seated across a small table from the
experimenter. The experimenter then proceeded to read the instructions
to the subject. The instructions explained the dialog procedure. After
the instructions were read, a practice task was started. Each subject
was asked to find a one-to-one matching rule between the numbers 300-30u4
and 400-404., This sample task was conducted to verify that the subject
understood the instructions. On a subject's second day of participation,
he received additional instructions if he was in the experimental group
since the conditions for learning were changed. The complete set of in-
structions appears in Appendix C. The learning materials provided during
instruction appear in Appendix D.

The entire learning procedure for the experimental task was tape
recorded. This was necessary since it would be difficult for the
experimenter to answer questions in the dialog experiment and manually
record the subject's protocol simultaneously. A similar procedure fol-

lowed during a subject's second experimental session except that the
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subject first performed the retention tasks. The tapes were later
transcribed so that various features of the protocol could be examined

and appropriate data compiled.

Materials

The paired-associates that formed List 1 were obtained by randomly
assigning one-to-one matches between the set of integers {12,13,...,23}
and the set of letters {B,C,...,M}. Similarly, List 2 was derived from
the integers {53,54,...,64} and the letters {N,0,...,Y}. The correct
matches are shown in Appendix D.

The visual displays consisted of the set of numbers typed on a
single row and the set of letters typed beneath this row with no offset,
The letters and numbers were typed on 8% x 11" paper. The numbers were
four spaces apart and the letters were five spaces apart. There were
eight blank lines between the rows of numbers and letters. Separate
displays were prepared for List 1 and List 2. Reproductions of these
displays are in Appendix D. In each case, the order of the letters and
numbers is random. The subjects held the display (or placed it on the

table) at normal reading distance during the dialog task.

Retention Task

Twenty-four hours after the first experimental session, the sub-
ject was asked to recall as many of the pairs learned the previous day
as possible. The subject had not been informed that this retention test

would be conducted. The retention test consisted of three trials.
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Recall Trial 1

Each subject, regardless of learning conditions, was asked to
recite as many of the pairs as possible under free recall conditions.

Recall Trial 2

The verbalizers were provided a display derived from the display
used during learning. However, blank spaces were substituted for the
letters and numbers. A reproduction of this display appears in Appendix
D. The subjects were asked, whenever possible, to fill in the blanks
with the items that appeared in those locations on the display employed
during acquisition. Also, subjects were asked to indicate matching
pairs by drawing lines connecting proper locations regardless of what
items, if any, the subject wrote into those locations.

Recall Trial 3

Both verbalizers and visualizers, who learned the same list,
were given copies of the display used by the visualizers during learning

and asked to use it to display to recall as many pairs as possible.
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CHAPTER III

RESULTS OF THE EXPERIMENT

The reported results will emphasize comparing acquisition
questions, rehearsal questions, and long-term recall for the verb-
alizers and the visualizers. TFirst, it is interesting to note some
general results.

Very large individual differences were noted in the experiment.
This was particularly true of the total numbér of questions to reach
criterion. This number included acquisition questions and rehearsal
questions. The smallest number of questions was 51, the largest was 411
and the average was 164.02. While the exact amount of time it took each
subject to reach criterion was not recorded (although it can be ascer-
tained since the sessions were recorded on tape), the range was approxi-
mately 15 min. to 1 hr. The largest number of incorrect rehearsals by
any one subject was 174. The smallest was zero. To illustrate these
large differences, the information transfer plots (as described in
Appendix A) follow for the subject requiring the minimum number of
questions, 51 (Figure 2), and the one who required the largest number,
411 (Figure 3). These plots cover questions until all information about
the names of the paired-associates has been transmitted. Each subject
also asked rehearsal questions after this point. To illustrate the dif-
ference in the number of rehearsals between the two subjects, these

plots are followed by plots for the subjects that include only questions
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on which information is gained (acquisition questions). These plots
(Figure 4 and Figure 5 as ordered above) are remarkably similar since
both subjects employed a linear search strategy. This strategy will be
discussed in detail later. This phenomenon was observed throughout the
experiment. While individual differences in numbers of rehearsal ques-
tions were large, the range of acquisition questions was only 28 to 48.
In fact, ignoring one subject, the range was 28 to u43. Theoretically
describing such large variances in rehearsal behavior is presently dif-
ficult. Stapleton presented a model of rehearsal based on the Waugh,
Norman [1965] model of memory that attempts to describe some features of
the rehearsal mechanism.

The statistical analysis of the data will now proceed.

Acquisition
An analysis of variance was performed on the number of acquisi-
tion questions. The variables in the analysis are shown as follows.
D - represents the day variables, Day 1 or Day 2.
V - represents the visual-verbal conditions.

L - represents the list variables, List 1 or List 2.

H
I

represents the instruction variable, instructions
or no instructions on the binary search procedure.

The results of the analysis appear in Table 2. The abbreviations T, BS,
and WS are used in Table 2 and represent "TOTAL," "BETWEEN SUBJECTS,"
and "WITHIN SUBJECTS," respectively.

It was anticipated that the D, V, and L variables would have lit-

tle systematic effect on total acquisition questions. However, since



152.00

144.00

136.00

INFOBMATION
128.00

120.00

29

o112.00

.00 24. 00 32.00 40.00

8.00 16
QUESTIOGNS

Figure 4. Information Trace for Least Number of
Questions with Rehearsals Deleted



, 144.00  152.00

136.00

INFORMATION
128.00

120.00

J112.00

.00 10.00 20.00 30.00 40.00 50.00
QUESTIONS

Figure 5. Information Trace for Greatest Number
of Questions with Rehearsals Deleted

30



Table 2. Analysis of Variance: Comparison

of Number of Acquisition Questions

% df Variance F df

Ix 1216.66 47  25.88
Ixte 930.66 23  40.46  N.S. 23/24
ijs 286.00 24 11.90

I 9.78 1  9.78  N.S 1/24
sz 10.08 1 10.08 N.S 1/24
ZXE 85.33 1 85.33 7.17% 1/24
Ix2 385.33 1 385.33  32.38%%  1/2y4
B o 0.3 1  0.3%  N.S. 1/24
B 35.04 1  35.04  N.S. 1/24
szxE 15.05 1  15.05 N.S 1/24
inxE 5.04 1 5.04 N.S 1/24
ngxv 35.63 1  35.63 N.S. 1/24
ZXEXL 70.38 1 70.38 5.91% 1/24
ngxz 2.38 1 2.38 N.S 1/24
Zx$XL 94.75 1 94.75 7.96%% 1/24
inxl 34,08 1 34.08 N.S 1/24
ZxExI 0.33 1 0.33 N.S. 1/24
Iy 1678 1 16.7% .S, 1/24
Zxﬁxva 11.37 1 11.37 N.S. 1/24

%

%
.05 Level of significance is 4.26 for 1/24.

%
".01 Level of significance is 7.82 for 1/24.
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the determination of search strategy is considered to be under verbal
control, it was assumed that there would be a significant instruction
effect. In general these results are confirmed by the data. In par-
ticular the instructions variable was significant beyond the .01 levei,
confirming the hypothesis on instruction set.

In addition, the list variable showed differences at the .05
level of significance and significant interaction with the day and
visual-verbal variable. Inspection of the data reveals that these list
effects can be accounted for by the performance of two uninstructed sub-
jects who demonstrated a near perfect binary search strategy on List 1,
on the first day, in the verbal condition. As shown by Stapleton, an
average of approximately 28.8 questions are necessary if a binary search
is followed in matching 12 one-to-one paired associates. An average of
41.82 questions is required for a linear search. The two uninstructed
subjects mentioned above required only 28 and 30 acquisition questions,
respectively. In the verbal, Day 1, List 2 conditions the range of num-
ber of acquisition questions was 40 to 43. No other variable or inter-
actions were significant including the Experimental X Control conditions.
The within subjects term was used in calculating all F ratios.

Ordering of Items

Definite common characteristics of acquisition strategies were
noted in the different learning conditions. First consider the visual
situation. Subjects tended to divide the task into 12 subtasks with
each subtask consisting of finding a response associated with a partic-

ular stimulus. The subjects took the leftmost stimulus element from the
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stimulus set and used it in the first subtask. When this search was
completed, subjects chose the next leftmost item and continued this pro-
cedure. This process was used throughout the task. The response set
was also searched from left to right as ordered on the display. After
each acquisition of a stimulus-response pair subjects usually rehearsed
all previously acquired items up to and including the item just acquired.
These items were normally rehearsed in the order of acquisition. One
subject who had the visual display available tended, for the most part,
to ignore it and chose stimuli in increasing numerical order and re-
sponses in alphabetical order. The subsequent 24-hour retention of this
subject has interesting properties and is discussed in a later chapter.

Subjects who learned without support of a visual display, with
one notable exception, ordered the sets by increasing numerical value
(in the case of the set of integers) or alphabetically (in the case of
the set of letters). Subjects still divided the task into 12 subtasks.
Stimulus items were selected sequentially in increasing numerical order
or in alphabetical order. The response set was processed similarly. As
observed in the visual case, subjects tended to rehearse all items up to
and including the most recently matched pair. As in the visual case,
several complete rehearsals of the previously matched items sometimes
occurred before subjects initiated a search for a new match.

The subject who did not order the sets as other verbalizers
tended to use the number and letter sets interchangeably as stimuli and
responses during the initial portion of the experiment. However, the

subject soon became confused and eventually ordered his rehearsals and
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acquisition questions as did other verbalizers. In particular, the sub-

jects used the set {B,C,D,...,M} as the stimulus set and the set {12,13,

..«,23} as the response set.

izers.

Item

10

11

12

Table 3 shows the order of acquisition of pairs by the verbal-

Table 3. Order of Acquisition in
Percentages for Verbalizers

100
100
95.8 4.2
95.8 4.2
a5.8 b.2
95.8 4.2
4.2 395.8
4.2 95.8
95.8 4.2
95.8 4.2

91.6 8.4
4.2 4.2 91.6

1 2 3 4 5 6 7 8 9 10 11 12

Serial Position in Acquisition

The vertical axis represents pairs ordered by stimuls items. For

instance, since the two lists are grouped together, ITEM 1 could be 12-J,

B-17, 53-T or N-55, depending on which set the subject chooses as the



35

stimulus set (see Appendix D). Similarly ITEM 12 could be 23-F, M-14,

64-U, or Y-56. Table 4 gives similar results for the visualizers.

Table 4. Order of Acquisition in
Percentages for Visualizers
1| 95.8 4.2
2 85.8 .2
3 95.8 L,2
L 4.2 95.8
5 95.8 4.2

95.8 4.2

Item
(s3]

7 4.2 95.8 4.2

9 h.2 H+y2: 95,8
10 95.8 4.2

11 ) 4.2 79.2 16.6

12 8.3 12.5 78.2
1 2 3 4 ) 6 7 8 9 10 11 12

Serial Position in Acquisition

In this case, the vertical axis represents pairs ordered from left-to-
right by position on the visual display. As above, ITEM 1 could be 17-B,
F-23, 58-P, or 0-63. In each case, the horizontal axis gives the serial
position in which the item was learned during the experiment. There are
24 protocols represented in each table.

As can be seen, the correlation between the ordering normally
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imposed by subjects and the serial position in learning is very high.
In both the verbal and visual situations (particularly the verbal one),
it was noticed that some subjects interchanged the serial positions in
learning the last two items. Most other radical deviations from the
diagonal of the charts in Tables 3 and 4 were caused, in each case, by a
single subject. As previously noted, one subject ignored the visual
display and placed a numerical ordering on the stimuli. Also, one
verbalizer, as mentioned earlier, did not immediately establish definite
stimulus and response sets. That subject learned the items in the order
B-17, C-15, H-16, M-14, I-20, D-13, E-18, F-23, G-22, J-12, K-19, L-21.
This order is somewhat misleading because well before the subject reached
criterion he began rehearsing the pairs in the order B-17, C-15, D-13,

That is, the pairs were rehearsed by alphabetical order of the
stimuli.
Strategies

Most subjects displayed stable acquisition strategies thaf can

generally be listed generally under the headings of binary search
strategy and a fixed number strategy. As previously discussed, a sub-
ject follows a binary search strategy when each disjunctive question
contains (as nearly as possible) one half of the responses that are pos-
sible matches for the stimulus in question. Stapleton discussed this
topic at some length. A fixed number strategy is one in which a subject
attempts to always phrase questions that contain the same number of
responses. The most simple case of a fixed number strategy is a linear

search--each question contains one response item. If a subject selects
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a fixed number strategy other than a linear search, he will most likely
be forced to adopt some other strategy during portions of the experiment.
This is because the number of possible matches for an item may, after
some questions have been asked, be less than the number of responses

the subject normally phrases in a question. These concepts are dis-
cussed in detail in the presentation of a model of acquisition strate-
gies in Chapter 1IV.

No subject exhibited a perfect binary search, although two sub-
jects nearly performed ideal binary searches. Deviations from a perfect
binary search were normally due to an apparent incorrect calculation of
cardinalities of appropriate sets or a failure to delete previously
matched responses from disjunctive questions. Similarly, subjects em-
ploying fixed number strategies all asked some questions in which previ-
ously matched response items were not deleted from questions. An exami-
nation of the protocols reveals that in all but one case subjects made
at least some effort to delete previously matched responses from dis-
junctive questions.

Examples of Strategies

Portions of some protocols should illustrate the strategies
described above. Remember that subjects were learning 12 one-to-one
matches. (Rehearsals are not included in the examples).

1. Binary Search Strategy. This subject had the visual display

available.



2. Linear Search Strategy.

of a visual display.

Question

17-F;0,8,1,0,K

17-F,J,B

17-F,J

22-F,J,I,D,K

22-C,M,H
92-1,,6

22-L

This subject did not have support

Answer

YES

YES

NO

NO

NO

YES

NO

Question Answer

12-B

12-C

12-D

12-J

13-B

13-C

13-D

14-B

14-C

14-D

NO

NO

NO

YES

NO

NO

YES

NO

NO

NO

38
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Question Answer

14-M YES

3. Non-Linear Search Fixed Number Srategy. The foll ow ng
protocol reveals a tendency to phrase questions that, whenever possible,
contain three responses. Wenever the subject reduces the nunber of pos-
sible responses to three, he then uses either a linear or binary search.
The small nunber of itens involved makes a distinction inpossible. As
previously mentioned, such a shift in strategy is necessary in this case.
This subject did not have a visual display avail abl e.

Question Answer

8-12,13,14 NO
B-15, 16,17 YES
B-15 NO
B-16 NO
G12,13,14 NO
G15,16,18 YES
G 15,16 NO
G15 YES
D12,13,1'4 YES
D 12,13 YES
D12 NO

As the subject approached the end of the task, his strategy began to



