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ABSTRACT
A PROCESS TRACING STUDY OF THE STRATEGIES

SIXTH GRADE CHILDREN USE IN FINDING
RELATIONS BETWEEN VARIABLES

By

Judy Hale Dennison

A substantial portion of all scientific knowledge takes the
form of relations among variables. Despite the importance of problems
involving these relations, little is known about the strategies
students use in performing tasks requiring that they find relations
between variables. The purpose of this study was to determine what
some of these strategies might be for sixth grade children.

The study involved the selection of six children based on three
criteria. Each child participated individually in a practice session
and three problem sessions. These sessions involved the child's
performance of a task, immediately followed by stimulated recall, using
videotapes of the child's task performance. After each of the three
problem sessions, the videotape of the task performance was transcribed
and inferences were made about the child's performance from the task
performance alone. The audiotape from the stimulated recall for that
problem was then transcribed and used to validate or disconfirm priorA
inferences, as well as to make additional inferences about the child's
performance. The performance models were then constructed to réf]ect

the inferences made for the activity and stimulated recall protocols.



Judy Hale Dennison
A1l of the problem performances were then analyzed to see, first, if
strategies did indeed exist. A strategy was said to exist if a pattern
of processing steps was seen to occur more than once in a subject's
performances. If strategies were identified, they were modeled. An
attempt was made to see how consistent the students were in applying
the strategies found.

The following interpretations of the data were made:

1. The subjects in this study were accurate in finding rulés
involving relations between variables.

2. The sixth grade children in this study used strategies
when they were asked to find relations between variables,
but they differed in the number of strategies they have in
their repertoire for this purpose.

3. The nature of the six strategies identified was such that
they were modeled as components of a performance, rather
then models of the whole performance.

4. It appears that the rules formulated by the subjects were
meaningfu], as indicated by the fact that the subjects
used the rules to make predictions about what would happen
when two elements were tested.

5. It is clear that the subjects were hypothesis-guided in
much of their attempt to find rules.
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CHAPTER I

THE PROBLEM

A substantial portion of all scientific knowledge takes the
form of relations among variables. In physics, the classical laws of
motion specify relations among distance, time, velocity, force and
other variables with which moving objects are described. In chemistry,
the gas laws specify relations between the temperature and pressure of
a gas and the volume it occupies. Elementary and middle school
programs attempt to teach relations and skill in finding relations
between variables. An activity in the Science Curriculum Improvement
Study (S.C.I.S.), for example, has the children explore the effect that
weight and shape has on how well a paper airplane will fly through the
air. Despite the importance of problems involving relations between
variables in the sciences, we know very little about the strategies
students use in performing tasks requiring that they find relations
between variables. The purpose of this study is to determine what some

of these strategies might be for sixth grade children.

General Need for the Study

The Knowledge to be Taught

In an age characterized by an explosion of knowledge,
conceptualization of learning outcomes has become an important focus in

educational circles as a response to the question: What should be



taught? Shulman and Tamir (1973) refer to this issue as an attempt to
find ". . . what is most learnable under given conditions, (and) what
is most readily retained and transferred to new situations. . ."

(p. 1105).

Prior to the early 1960's, the major emphasis was on facts,
concepts, and principles that were the stable truths of a discipline.
In 1963, Bruner argued for the teaching of the "fundamental structure
of a subject." He argued that to "learn structure, in short, means to
learn how things are related" (p. 7). Bruner expected these structures
to serve as mechanisms for learning and transfer to new situations, but
he did not suggest how these structures were to be identified or
described.

Gagne's (1965, 1970) work brought a great deal of attention to
the learning of tasks. These tasks were defined in terms of observable
behaviors. Consequently, the behavioral objective (Mager, 1962) became
a popular way of describing learning outcomes. A Gagneian task
analysis, by its very structure, might lead one to assume that the
outcome of learning a task will be the same for every student.

Bessemer and Smith (1972) point out, however:

While behavioral objectives are sometimes rightfully
criticized as too narrow in scope, or as obscuring the overall
organization of content, the value and necessity of defining
tasks is now commonly recognized.

Not so commonly recognized, however, is the fact that a
variety of educational outcomes can result from instruction on
a particular task, even when all students fully master the
task (p. 4).

In other words, students can learn different ways of performing a task

which, in turn, might become an altogether different educational

outcome than might have been intended. Bessemer and Smith further



argue that the strategies and skills one learns as one performs a task
may determine the other tasks that may be learned readily. In their
words, ". . . the particular skills which are acquired make a great
deal of difference in what kinds of new situations the student will be
able to handle* (p. 7).

Modern psychology no. longer accepts only a behavioral descrip-
tion of tasks. All theoretical positions, including Gagne's (1974),
have incorporated some information processing into their theories.
Resnick (1976) argues that what is and can be learned is a strategy for
performing a task or a series of similar tasks, and that such strat-
egies can be made explicit as intended outcomes or objectives of
instruction.

A strategy is defined, for the purposes of this study, as a set
of information processing steps that are applicable to a range of
similar situations. A strategy model is differentiated from a per-
formance model in that a strategy model is generalizable to similar
problems and a performance model describes only the steps performed on
a single problem.

Some strategies are more appropriate as learning outcomes than
are others because (1) they are more learnable by the population, and
(2) they are more generalizable; i.e., applicable to a broader range of
situations and are more efficient. A strategy that is used by some
children in a population is quite likely to be learnable by other such
children. One approach to meeting the criterion of learnability, then,
is empirical analysis--process tracing of strategies found in the
population. A rational analysis of the empirically-determined

strategies can lead to judgments as to the potential generalizability



of those strategies to other situations. Potential learning outcomes
in the form of strategies can be developed and/or identified by taking
into account the models of strategies used by children in the
population.

The purpose of this study is to provide base-line data
concerning what strategies can be found among sixth grade children for
finding relations among variables. It addresses the question of
learnability through empirical analysis; i.e., process tracing the
strategies sixth grade children use in finding relations between
variables. It does not address the question of generalizability as

described above.

The Importance of Strategy Identification

The identification of strategies as potential learning outcomes
is important to curriculum developers, researchers, teachers, and
learners.

1. Curriculum developers should be able to apply the notion of
strategies explicitly in the development of instructional materials.
“If strategies can be adequately represented, then instruction can be
planned to enhance the mastery, workings, selection or retrieval of
these strategies when needed by students® (Shulman & Shroyer, 1976,

p. 15).

2. MWith adequate representation of strategies, research
regarding the teaching, learning, and transfer of strategies can be
designed.

3. Having determined the more appropriate strategies in terms

of learnability and generalizability, teachers can use this



information to assess whether or not a task has been performed in an
appropriate way.

4, Teachers will be better able to give guidance to the child
having difficulty with the performance of a task if they are aware of
appropriate strategies. "Students adept at solving mathematical
problems may be compared with physicians skilled in diagnosis.

Knowing how 'experts' behave has certain clear implications for how
teachers assist students to perform expertly" (Shulman & Shroyer,
1976, p. 12). |

5. If appropriate strategies for performing a task can be
laid out explicitly for the student, he will be able to learn selected
tasks more efficiently.

Knowledge of strategies is important beyond information about
potential learning outcomes. Students may come to a situation with an
already acquired strategy. Identification of ineffective or problem-
atic strategies will enable teachers to look for these undesirable
strategies and, knowing where students are to begin with, may enable
the teachers to plan how to teach other strategies; i.e., how to move
students from undesirable Strategy A to desirable Strategy B.

It may also be that the process the student uses in finding a
relation is not important; i.e., the relation itself is the only
outcome of importance. One would assume, in this case, that how one
finds the relation would not later create a problem in finding other
relations. Having knowlege of strategies that are used by a popu-
lation of students for solving problems similar in nature might aid a

teacher in helping a student become more efficient with "the strategy



of least resistance" for that student, rather than trying to teach one

that is more difficult.

The Problem Relative to the Chosen Curriculum Model

Smith (1974) conceives of children's scientific knowledge in
terms of three interrelated aspects: concepts, tasks, and strategies.
The major assumption underlying this work is that within a discipline,
concepts of a particular kind (e.g., variables) are associated with
particular tasks for which generalizable strategies may be developed.
A major goal of the work is to examine the role of these three aspects
(concepts, tasks, and strategies) in learning and transfer. The
present study uses Smith's Concept-Task-Strategy Model as its
theoretical framework and is directed at identifying potential
desirable learning outcomes in the form of strategies for science
tasks.

The task of interest in this study is to find relations
between variables:

Given: Set of elements

Observation/measurement procedure for the
dependent variable
Dependent variable name
Required: Correlational rule for independent variable(s)
and dependent variable that holds for the given
elements
The strategy or strategies sought are a set or sets of information
processing steps that are applicable to a range of similar situa-
tions. A strategy model is differentiated from a performance model in
that a strategy model is generalizable to similar problems and a

performance model describes only the steps performed on a single

problem.



An Overview of the Procedure

The study involved the selection of six children based on a
set of criteria (see Appendix A). Each child participated individ-
ually in a practice session and three problem sessions. These
sessions involved the child's performance of a task, immediately
followed by stimulated recall, using videotapes of the child's task
performance. After each of the three problem sessions, the videotape
of the task performance was transcribed and inferences were made about
the child's performance from the task performance alone. The
audiotape from the stimulated recall for that problem was theh tran-
scribed and used to validate or disconfirm prior inferences, as well
as to make additional inferences about the child's performance. The
performance models were then constructed to reflect the inferences
made for the activity and stimulated recall protocols. All of the
problem performances were then analyzed to see, first, if strategies
did indeed exist. A strategy was said to exist if a pattern of
processing steps was seen to occur more than once in a subject's
performances. If strategies were identified, they were modeled. An
attempt was made to see how consistent the students were in applying

the strategies found.

The Research Questions

This study proposed to answer two questions:
1. What strategies, if any, do sixth grade children use in

finding relations between variables?



2. Is a strategy or elements of a strategy used consistently
by a child when presented three parallel problems

involving the same task over different content?



CHAPTER II

REVIEW OF RELATED RESEARCH

The present chapter reviews the research considered in the
development of this study. The first section reviews literature
related to how knowledge can and should be represented. The second
section deals with how procedural knowledge can be represented. The
third section describes the specific theoretical framework, the
Concept-Task-Strategy Model, this study employs. Finally, the last
section reviews selected literature related to what is known about

strategies for accomplishing tasks.

The Representation of Knowledge

As indicated in the problem statement of this study, there are
a number of differing opinions as to how potential learning outcomes
should be described. The problem is basically one of how knowledge can
or should be represented for educational purposes. Anderson (1976)
distinguishes between two basic kinds of knowledge--declarative and
procedural. He defines declarative knowledge as “. . . knowledge of
facts about the world" (p.78) and procedural knowledge as ". . .
knowledge about how to do something® (p.78).

Some artificial intelligence psychologists (e.g., Newell and
Simon, 1972) suggest that gll knowledge be represented as procedures
(productions, in this example); others find more merit in representing

all knowledge declaratively (e.g., the active structural network of
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Norman and Rumelhart, 1975). Anderson (1976) contends that any piece
of knowledge can be represented in either form. The representation of
knowledge need not be an either-or dilemma. The question is not how to
represent all knowledge, but, rather how to best represent a given
piece of knowledge for given purposes. Anderson (1976) cites the
following as criteria for making a choice: .

It is much more economical to represent declaratively

that knowledge which is subject to multiple, different

.uses and without having to incorporate the knowledge

into all the necessary procedures that will use it . . . .

On the other hand, knowledge used over and over again in

the same way; for example, how to generate sentences, would

seem to be better represented in a procedural format in

which it can be applied more rapidly (p. 118).

Greeno (1976) provides a more general criterion; that is, whatever
representation best fits for educational purposes.

For purposes of focusing on the strategies sixth grade children
use in finding relations between variables, a procedural representation
is most appropriate. It is hypothesized that children will apply the
same strategy, or components of a strategy, to problems that are
parallel in nature. The fact that the experimenter is interested in a
"how-to" question and that the strategies are hypothesized to be used
over and over again in the same way, seems to warrant the use of
procedural representation. Further, using Greeno's criterion, a
procedural representation seems to fit best for the educational

applications this study addresses.

The Representation of Procedural Knowledge

Greeno (1976) suggests the use of distinctive features, active

structural networks, and production systems for representing problems
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where "a situation is presented and a goal is specified, and the
student is required to supply a set of procedures for achieving the
goal" (p. 136). He uses, as an example of this type of problem, a

problem involving the geometry of angles and parallel lines.

Distinctive Features

The role of a network of distinctive features is that of
allowing the subject "to identify certain patterns of relational
properties,” in the case of Greeno's example; “"to identify relevant
relations between pairs of angles" (Greeno, 1976, p. 137). He uses
a flow chart to represent the network of features, each node in the
network being a decision box concerning whether a given feature is
present or not.

As far as the present work is concerned, this pattern matching
phase of problem solving has not been detailed. It is subsumed in the
processing having to do with scanning the elements and identifying the
variables. The focus of this study is on the manipulation of variables
rather than on the identification and selection of those variables. It
is felt by the researcher, therefore, that thg level of detail offered
by the network of features is nonessential for the present work. It

could be added when, and if, it was needed.

Active Structural Network

Greeno (1976) uses the active structural network (similar to
those of Anderson and Bower, 1973; Kintsch, 1974; Norman et at., 1975)
to represent the relations among the concepts employed in solving the
problem. The present work employs a network called an aﬁalytic network

(the product of the concept analysis of the CTS Model described in

~
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the next section) to represent the variables, their values, their
observation/measurement procedures, the correlational rules relating
them to other variables, and the elements they describe. The repre-
sentation is tibular, and, thus, different from the active structural
networks noted above. The analytic network represents the concepts but
not the relationships among them. The relationships are conceived of
as connections between nodes as in the structural networks, but the
relations are described in text rather than diagrammatically. Smith
(1972, 1974), in his Concept-Task-Strategy (CTS) Model, presented the
analytic network in tabular format because the interrelations between
the concepts involved are constant. Thus, use of network diagrams to

display these interrelations is unnecessary.

Production Systems

Greeno (1976) uses the production system to describe the
problem-solving procedure associated with finding a solution to the
problem. His conception of a production system is based on the work
of Newell and Simon (1972). Greeno's example of the network of produc-
tions needed to solve problems about angles and parallel lines is
represented as an active structural network. He contends that knowl-
edge structures like this one are necessary, but not sufficient, for
students to solve the required problems. "An additional requirement is
a system for interpreting a problem, setting goals, and selecting
productions from the knowledge base for use in generating the relations
among components of the problem. This, then, becomes the role of the
interpreter" (Greeno, 1976, p. 141). Greeno does not specify how this

interpretation system should be represented.
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The biggest problem associated with the production system
notions of Newell and Simon (1972) is the technical language and its
inability to communicate to researchers and practitioners that are not
in the field of artificial intelligence. It appears that the notions
of setting goals and sub-goals and evaluating present states as to
whether those goals have been met could be employed in the framework of
Smith's (1974) and Padilla's (1975) flow-charting (to be described in
the next section) without becoming encumbered with the language
barrier. For example, the processes Smith and Padilla refer to as
DECODE, SCAN, IDENTIFY might fall under the goal of identifying the
problem. When a list of possible independent variables has been
generated, then the goal of choosing a rule to evaluate for its truth
value may take over. The notions of goal-setting and goal-searching
might be potentially valuable in thinking about the present work.

Computer simulations, however, are not employed in this work.

Flow Charts
Greeno (1976) suggests that flow chart representation is most
appropriate for procedures that are more or less algorithmic in nature,
such as adding fractions. The flow chart outlines the component
processes of a procedure.
In general, the procedure is not unique--there are more
ways than one to calculate the correct answer. Alternative
procedures can be represented in different models, or
incorporated in a single nondeterministic model that allows
different branches to be taken (Greeno, 1976, p. 125).
A procedural flow chart can be general in regard to the represen-
tation of the thing to be operated on or can be made more explicitly

applicable to a given set of materials. As defined in this study, the

«
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identification of strategies is the identification of procedures, at
some level, usable in dealing with parallel problems involving the same
task. Thus, a flow chart mode of representation appears to be appro-
priate.

The preliminary flow chart that appears in Figure 1 is similar
to Greeno's flow charts and is general as to the set of materials being
operated on, although it is based on the preliminary piloting data
from a set of pairs of wheels where the independent variables were the
size of the bigger wheel and the size of the smaller wheel, and the
dependent variable was the size circle a pair of wheels makes. These
materials are described further in Chapter III. The preliminary
strategy model shown in Figure 1 and the other models produced in this
study were attempts to conform in language and form to the precedent
models of Smith, McClain, and Kuchenbecker (1972) and Padilla (1975).

Padilla (1975) used flow charts to represent his strategy
information processing models for the seriation of objects having
non-visual variables. Following a precedent set by Smith et al.
(1972), Padilla described the steps in the model as primary, secondary,
or tertiary processes.

The primary processes are the basic building blocks

available for use and are considered to be a unitary

skill; examples are choose, designate, and scan.

Secondary processes are frequently recurring sequences

of primary processing steps; e.g., the comparison process.

Tertiary processes may be defined in terms of both primary

and secondary processes (Smith et al, 1972). Examples of

tertiary processes include the MAXPIC and EDGUESS routines

(Padilla, 1975, p. 101).

Padilla began with processes previously defined by Smith et al. (1972),
but defined new processes as needed while model-building. An example

of a primary process definition is given below:
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SCAN
This is a primary process which represents a rather
cursory, largely visual, exploration of the stimulus field.

It establishes a figure-ground differentiation of objects

and detects a few salient features which may enter short-term

storage. However, only partial information is obtained, even

in the visual modality. Detection of certain salient and/or
relevant features usually terminates the SCAN process, or at
least relegates it to a background role, and triggers some
attentive processing. Thus, the input to SCAN is undifferen-
tiated stimulus information while the output is one or more
differentiated perceptual objects. In most cases, many
features which are relevant from a formal point-of-view are
not detected by SCAN.

Other processes employed in this study are defined in Appendix G.

The flow-charting of the seriation strategies in this manner
was successful in guiding the planning of instruction for teaching
seriation and in evaluating the success of training in seriation
strategies on performance (Padilla, 1975). Further, the flow charts
rather easily communicate to the reader what was occurring in the

procedure.

The Specific Theoretical Framework for this Study

The Concept-Task-Strategy Model

Smith (1974) proposed a model for representing knowledge to be
taught. There are three components to the model; concepts, tasks, and

skills or strategies.
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Content analysis involved the identification and descrip-
tion of related concepts or sets of concepts. Task analysis
results in descriptions of what information is initially
given and ultimately required in the performance of the
disciplinary tasks. Strategy analysis-specifies at a
psychological level how available information is processed in
the performance of a specific task (Finley, 1977, p. 17).

The sections that follow contain further descriptions of these compo-
nents, including the underlying assumptions for them. In each
section, some discussion as to how that component relates to this study

will also be included.

Content Analysis

Assumptions:

1. Any discipline is built around a set of specialized
conceptual systems (Smith, 1974, p. 2).

2. Many of the specialized conceptual systems of a
discipline fall into a small number of categories, each
of which share a common logical structure (Smith, 1974,
p. 2).

Description:
Content analysis involves (1) the identification of

the types of conceptual systems characteristic of a

discipline or subdiscipline, (2) the formulation of a

paradigm or analytic network which represents the structure

of each type of system, and (3) the comprehensive identi-

fication and cataloging of the conceptual systems of a

discipline according to the analytic network they exemplify

(Smith, 1974, p. 2).

The content analysis identifies sets of concepts which belong
to a particular discipline. For this study of relations between
variables, such a set of concepts includes length, thickness, size of
smaller wheel, and size of bigger wheel. These concepts are similar in
that each names a variable. For this set of concepts (called

“systemic" concepts), a single "analytic" concept can be generated to
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represent the function of all simijar concepts. For example, the
analytic concept “"variable name" can be applied to all the concepts
listed above. "“A complete but relatively small number of such analytic
constructs when taken together, constitute an analytic network which
specifies the logical relationships between specific or systemic
concepts of the discipline" (Finley, 1977, p. 28). The analytic
concepts in the analytic networks for this study are variable name,
variable definition, values (comparative and measured), observation/
measurement procedures (comparative and measured), the correlational
rules, and the elements. The analytic networks for the three problems

of this study appear in Tables 2, 3, and 4 in Chapter III.

Task Analysis

Assumptions:

1. Most important competencies related to a discipline, at
least from a general education point of view, can be
presented as manipulations of conceptual systems (Smith,
1974, p. 2). ‘

2. The level of mastery of a conceptual system may be
adequately inferred from a defined set of observable
behaviors (Smith, 1974, p. 2).

Description:

Task analysis involves the identification of perform-
ance requirements relevant to a specific type of conceptual
system. These requirements or tasks are described in terms
of the corresponding analytic network (Smith, 1974, p. 3).
“More specifically, tasks are defined by presenting the

analytic concepts which represent the given information and the
information which is required as output by the person executing the
task" (Finley, 1977, p. 29). The task for this study represented

within this framework may be defined at the analytic level as:
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Given: Set of elements .
Observation/measurement procedure for
the dependent variable
Dependent variable name

Required: Correlational rule for independent variable(s)
and dependent variable that holds for the given
elements

On the systemic level, the task would read for Problem #1, as an
example:

Given: Set of rods
Observation/measurement procedure for how far
down the rod bends
Dependent variable name: how far down the
rod bends

Required: Correlational rule relating length and/or

thickness of rods to how far down the rod
bends that holds for all the rods

Strategy Analysis

Assumptions:
1. Common information processing strategies are applicable
to the utilization of conceptual systems sharing a
common structure (Smith, 1974, p. 2).
Description:
Skills analysis identifies alternative information
processing strategies by which tasks can be performed.

These are descriptions of behavior at the psychological

level and provide the basis for planning and predicting

transfer among tasks (Smith, 1974, p. 3).

"Skills or strategy analysis represents the psychological
processes by which someone may complete a specified task" (Finley,
1977, p. 29). Each strategy is modeled in a flow chart, using defined
primary, secondary, and tertiary processes. The primary processes are
defined in terms of an input and output and the operations that inter-

vene between them. More complex secondary and tertiary processes are
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defined in terms of the constituent primary processes. Definitions of
all the processes used to model the children's strategies in this study
are included in Appendix G.

| “Taken together the products of Content-Task-Strategy analysis
represent the structure of a portion of a discipline. The deséription
consists of related sets of éoncepts (conceptual systems), specified
tasks to be performed with those concepts, and strategies which model
at a psychological level how the task can be performed* (Finley, 1977,
pp. 30-31). As mentioned earlier, it is this latter component, the
strategy component, that leads one to consider the possibility of
transfer. Both lateral and vertical transfer have been studied using
the CTS Model (Padilla, 1975; Finley, 1977). The scope of the present
study is, however, related only to lateral transfer.

Padilla (1975) defines lateral transfer as occurring "when the
learning of a task in a specific content area is facilitated by prior
learning of the same task in a different content area" (p. 21). The
present study is not a training study (i.e., the children will not be
taught strategies for solving the problems), so, in that sense, the
experimenter is not interested in transfer of learning. However, one
question of interest does arise from the fact that three parallel
problems involving the same task will be given to the students: Have
the students learned a single strategy, or components of a strategy,

that they will apply consistently over the parallel problems?
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What We Know About Strategies

Bessemer and Smith (1972) define skills analysis as "a

description of psychological processes operative during performance of
a given task" (p. 3). The product of such an analysis is a strategy
for performing the task, a set of information processing steps that are
applicable to a range of similar situations. The skills analysis

is one of three analyses deemed necessary for describing learning
outcomes. Content and task analyses are the other two (Bessemer and
Smith, 1972; Smith, 1974). '

Three empirical studies that used Smith's Concept-Task-
Strategy Model will be reviewed. The first of these is "Strategies
Used by First-Grade Children in Ordering Objects by Weight and Length"
(Smith and Padilla, 1975). Model strategies were determined in
preliminary pilot work. The study involved 96 students. The most
significant finding was that over two thirds (69%) used a highly
systematic approach to the task (i.e., used model strategies). Another
9% were identified as using near model strategies.

« « « the fact that even young children approach quite

systematically at least some tasks they understand suggest

that strategy instruction may be practical. This fact
certainly indicates that attempts to teach tasks should take
into account the learner's capacity and tendency to use

systematic approaches (Smith et al., 1975, p. 20).

At the same time this work was being done, Baylor and Gascon (1974)
published production system strategies for weight seriation. These
models were empirically based on the actual performance of children
varying in ages from six to twelve years. Baylor and Gascon "pre-

sented a language of weight seriation, BG, out of which performance

models can be written that simulate most of the observed behavior
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o « o" (1974, p. 38). They reported the same three strategies as were
found by Smith and Padilla--the extreme value selection or "find
heaviest" strategy, the insertion strategy, and the little used
rearrangement or heavy-light-sieve strategy. Their study seems to
further substantiate the use of systematic approaches by children, even
though the modeling of those strategies took a different form than that
of Smith and Padilla.

A second study using Smith's Concept-Task-Strategy Model, “The
Teaching and Transfer of Seriation Strategies Using Nonvisual Variables
with First Grade Children" (Padilla, 1975), was designed to teach the
extreme value selection (EVS) and insertion strategies for nonvisual
variable seriation to first grade children. The children were either
Stage I (nonseriators) or Stage III (operational seriators) on Piaget's
stick task (length seriation). One of Padilla's findings was that most
(more than 80%) of all the first grade children taught a strategy could
learn and use that strategy on the post test. The EVS strategy seemed
to be easier to learn for Stage I subjects. Stage I subjects that were
taught the EVS strategy performed more accurately on the post test than
other Stage I subjects. The data in this study indicates that the
teaching of strategies for some tasks is feasible.

A third study, “Vertical Transfer of Instruction Based on
Cognitive Strategies for a Sequence of Geologic Tasks" (Finley, 1977),
found that:

1. Students learned the task specific strategies during
instruction.

2. The students used components of the strategies they had
been taught during posttests, and transferred strategy
components to the pretests for the next most closely

-
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related tasks. Students did not use or transfer the
complete strategies extensively . . . (Finley, 1977,
pp. 2-3 of abstract).

Further substantiation of the use of strategy components rather
than "whole strategies" is reported by Resnick (1976). In a study
conducted by herself and Guy Groen, 4-year-olds were taught to solve
single-digit problems of the formm + n = ? (where m and n ranged from
0 to 5) by using an algorithm. Practice sessions followed. The
children were then tested on a device that allowed the experimenter to
collect latency data. In this study,

children are taught a routine which is derived from the

subject matter. After some practice--but no additional

direct instruction--they perform a different routine, one
that is more efficient. The efficiency is a result of fewer
steps (not, apparently, faster performance of component
operations), which in turn requires a choice or decision on
the part of the child. A strictly algorithmic routine, in
other words, is converted into another routine which turns
out to solve the presented problem more efficiently (Resnick,

1976, pp. 71-72).

In summary, the studies cited provide us with the following
information:

1. Children do approach quite systematically some selected
tasks; f.e., they do use well-developed strategies to perform the
tasks.

2. Children can be taught and can use strategies to perform
selected tasks. In some cases, this learning of a taught strategy
improves their task performance.

3. Students, after learning a strategy in instruction,
reorganize that strategy to make it more efficient for themselves,
transferring components rather than "whole strategies" to a new, but

similar task.



CHAPTER III

THE RESEARCH METHOD AND PROCEDURES

The purpose of this chapter is to describe the research method
and specific procedures used in doing this study. After a brief
overview of the study, the population and sample of children used in
the study will be described. This will be followed by discussions of
the problems given to the subjects. Descriptions of the data
collected during the problem sessions and the methods of analysis will

then be reviewed.

Overview of the Study

Six children were chosen, three from classroom A and three
from classroom B, based on criteria set forth in the next section.
Each child participated individually in a practice session and three
problem sessions. These sessions involved the child's performance of
a task, immediately followed by stimulated recall, using videotapes of
the child's task performance. After each of the three problem
sessions, the videotape of the task performance was transcribed and
inferences were made about the child's performance from the task
performance alone. The audiotape from the stimulated recall for that
problem was then transcribed and used to validate or disconfirm prior
inferences, as well as to make additional inferences about the child's
performance. The performance models were then constructed to reflect

the inferences made for the activity and stimulated recall protocols.

26
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A1l of the performance models were then analyzed to see, first, if
strategies did exist. A strategy was said to exist if a pattern of
processing steps was seen to occur more than once in a subject's
performance. As strategies were identified, they were modeled. An
attempt was made to see how consistent the students were in applying

the strategies found.

Research Subjects

The Population and Sample

The sample of sixth grade children used in this work was
selected from a middle school in the greater Lansing, Michigan, area.
This particular population was chosen because the school system is
using an elementary science program, Science Curriculum Improvement
Study (S.C.I.S.), that offers many opportunities for the children to
examine relations between variables.

The students in the population ranged in age from 135 months
(11.25 years) to 158 months (13.17 years) with a mean age of 142
months (11.83 years) (S.D. = 4.83 months).

Method of Subject Selection

Three criteria were employed in selecting subjects. The first
two criteria were applied to increase the probability that the
subjects would be able to find relations between variables. These
criteria Qere: (1) that the subject has been in the school system
and, consequently, in the S.C.I.S. program, for at least three grade
levels; and (2) that the subject scored at least five out of nine on a

screening instrument, the Particle Test. The Particle Test was
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designed to measure a subject's ability to find relations between two
named, arbitrarily related variables. The next subsection will
describe the screening instrument.

The third criterion, that the subject be described by his
teacher as verbally fluent in his classroom explanations, was applied
since the child's ability to express himself is important in efforts
to infer his strategy. Appendix A illustrates the outcome of applying

these three criteria for subject selection.

The Screening Instrument

The Particle Test was designed to measure a subject's ability
to find relations between two named, arbitrarily related variables.
Using Smith's Concept-Task-Strategy Model (Smith, 1974) the task can
be described, in abstract or analytical terms, as:

Given: Set of elements
Two variable names

Required: Correlational rule for the two
variables that holds for the given elements

The variables addressed by the Particle Test are: darkness, sharpness
of point§, and size of a specially constructed set of transparent
plastic particles. Associated with each variable is a set of inter-
related concepts as shown in Table 1. These are called systemic
concepts and correspond to the more abstract analytic concepts listed
in the first column.

The materials are sets of plastic particles cut from trans-
parent, colored plastic and varying in size, color intensity or

darkness, and angularity. An example set of these materials is
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illustrated in Figure 2. The test consisted of nine items, each item
involving a set of five particles that conformed to one of these
possibilities: a direct rule on two variables (e.g., the bigger, the
darker), an inverse rule on two variables (e.g. the darker, the duller
or less sharp), or a non-rule (no relationship between variables).
Three of the items involved direct rules, three involved inverse
rules, and three involved non-rules. Detailed descriptions for each
item are in Appendix B.

The test was administered to each child individually. Two
examples of rules were given before the nine-item test was begun.
Each item, containing five particles each, was presented to the child
with the question, “Is there a rule for (e.g., size) and (e.g.,
darkness)?* The actual relation might be direct (e.g., the bigger,
the darker), inverse (e.g., the bigger, the lighter), or non-rule (no
relation between the variables). The children were allowed to
continue to respond until they were "done" with the item. The
protocol for the administration of the test appears in Appendix C.

For each item on the test, the experimenter recorded the
child's verbatim response(s) and noted whether or not the child
ordered or superimposed the particles in performing the task.

Dichotomous scoring was used in evaluating a child's perform-
mance on the test. Items were scored as correct (value = 1) if the
responses were the correct comparative rule forms for the two named
variables on the inverse and direct rule items (e.g., Item 1: the
darker, the smaller; or Item 2: the sharper, the darker) or "no rule"
responses for the sets of particles having no relationship.

Children tended to give a "no rule" response if they did not
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understand the task. Consequently, in order for a "no rule" response
to be counted as correct, the child was required to have responded
previously with at least one correct rule for an inverse or direct
rule item. A1l other responses were scored as 0's. The item scores
were summed to produce the child's test score.

These procedures were identical to those used in a previous
study (Dennison and Smith, 1976) using these materials. In that study
32.5% (fifty-two out of 160 sixth grade children) achieved a test
score of five or more out of a possible score of nine. In the present
study, nineteen of the fifty-eight sixth grade children tested (32.7%)

scored at least five out of the possible nine.

The Procedure

Overview of the Data Collection Procedure

The Practice Session. The first session with the selected
subjects was a practice session. The practice session was designed to
accomplish three things: _

1. To give the subject a chance to practice “thinking aloud"
under the guidance of the experimenter, so that what was intended
became clear (Krutetskii, 1976).

2. To give the subject an opportunity to view himself on the
video screen and to familiarize himself with the questioning tech-
niques employed in stimulated recall (Kagan, 1976; Smith and
Sendelbach, 1977).

3. To help establish some rapport between the experimenter
and subject, so that both were as comfortable as possible in the

testing environment.



33

The goals of the practice session were met by following the
procedure below:

1. A task dissimilar to the three parallel problems was
assigned in the practice session. The use of a dissimilar task was
intended to minimize fhe learning of the task of interest while
maximizing the learning of the data collection procedure.

2. The subject was directed to “think aloud," much like he
would do if he were talking to himself while doing his homework. The
experimenter made efforts to assist the subject in "thinking aloud" as

he worked on the practice task (Krutetskii, 1976), using the same kind
of questioning that was later employed in stimulated recall.

3. The experimenter and subject then reviewed the videotape
of the task performance together, giving both a chance to practice the
stimulated recall portion of the procedure.

Three Problem Sessions. The next three sessions with a
subject were devoted to the administration of the three parallel
problems. At each of these sessions, the procedure involved the
following:

1. At least two examples of what was meant by the term “rule"
were presented to the subject.

2. When the experimenter was confident that the subject knew
what a "rule® is, the problem was introduced and an observation/
measurement procedure was demonstrated. These first two steps were
directed toward ensuring that the subject knew what the task was.

3. The task was assigned in the form: "Find a rule for
(e.g., these pairs of wheels)." An additional instruction was for the

subject to "think aloud" if he could. However, no further effort
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was made to encourage this as it appeared to interfere with
performance when a subject tried too hard.

4. The experimenter did not interfere while the subject
attempted to find a rule or rules for the set of materials.

5. When the subject indicated he was "done," he reviewed the
videotape of his performance with the experimenter. The experimenter
probed with questions such as: "Were you thinking anything in
particular when you rolled that pair of wheels?," to try to stimulate
recall of what the subject was thinking as he made efforts to solve
the problem.

6. A sub-task was asked of the student if deemed appropriate
for further clarification. In the Concept-Task-Strategy Structure,
that sub-task could be described as:

Given: Two elements
Observation/measurement procedure

Required: Comparative prediction of the dependent variable

value for the two elements when observation/
measurement procedure was applied

The Practice Problem

The practice task involved giving the subject a system having
three funnels of different colored water, allowing the subject to
observe an interaction, and asking that the subject describe what
might be inside the system (which he cannot see) that wou]dlexplain
the evidence. The subject was given tumblers-of the different colored
water and several empty tumblers so that he could mix colors if he
wanted to as an aid to explaining the evidence. This task was chosen
because of its motivational appeal and because of its dissimilarity to

the three problems of interest.
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The Three Parallel Problems

Description of the Task

Smith (1974) conceives of children's abilities to deal with
variables in terms of three interrelated aspects: concepts, tasks, and
strategies. The major assumptibn underlying this work is that within
a discipline, concepts of a particular kind (e.g., variables) are
associated with particular tasks for which generalizable strategies
may be developed. A major goal of the work is to examine the role of
these three aspects (concepts, tasks, and strategies) in learning and
transfer.

The'objective of this study was to examine strategy use by
sixth grade children for a task requiring the discovering of the
relation between a dependent variable and one or both independent
variables for a given set of objects. Using Smith's Concept-Task-
Strategy Model, the task can be described, in abstract or analytical
terms, as:

Given: Set of elements

-Observation/measurement procedure for the
dependent variable
Dependent variable name .
Required: Correlational rule for independent variable(s)
and dependent variable that holds
for the given elements
This task might be assigned or carried out with any pair of variables
relevant to a given set of elements.
Description of the Problems
Problem 1. The set of elements was fifteen steel music wire

rods that differed in length and diameter. The fifteen rods are

represented below in a matrix (Figure 3).
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Diameter of rod (in inches)

1/16 3/32 1/8 5/32 3/16

Length 9 X X X X X
of 12 X X X X
rod 15 X X X
(in 18 X X
inches) 21 X

Figure 3. Matrix representing the rods that make up the set
of elements for Problem 1.

.The dependent variable was the flexibility of the rods, "how
far down they bend," when a constant weight was placed on the end.
The independent variables were the length and diameter of the rods.
Associated with each variable was a set of systemic concepts, repre-
sented in Table 2. These are called systemic concepts and correspond
to the more abstract analytic concepts listed in the first column
(Smith, 1974).

Appropriate responses (correlational rules) to the task, as
can be seen in Table 2, might be "The longer the rod, the more it
bends" (when the length is held constant), etc. (The part of the
responses given above and in the table tﬁat are in parentheses would
not necessarily be expected as part of the child's response.)

Problem 2. The set of elements was fifteen pairs of wheels.
Each pair of wheels was permanently attached to an axle. The pair of
wheels consisted of a "bigger wheel," d1, and a "smaller wheel," d2.

The fifteen pairs are represented below in a matrix (Figure 4).
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Size of bigger wheel (d1 in inches)

9/8 11/8 13/8 15/8 17/8

Size 7/8 X X X X X
of 9/8 X X X X
smaller 11/8 X X X
wheel 13/8 X X
(dp in 15/8 X
inches) X

Figure 4. Matrix representing the pairs of wheels that make
up the set of elements for Problem 2.
The “distance between edges of wheels," s, was a constant (one inch in
length).

A pictorial representation of a pair of wheels is given in

Figure 5 below.

Figure 5. A pictorial representation of a pair of wheels.

When one of the pairs of wheels was rolled, a double circle formed
with diameters dependent on the sizes of the "smaller wheel" and the
“bigger wheel." The wheels were coated with carpenter's chalk so that
a double circle pattern was left on one-inch blocked paper for

observation. Such a pattern is illustrated in Figure 6.
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Figure 6. Representation of the pattern made when a pair of
wheels was rolled.

The independent variables then were the size of the “smaller
wheel" and the size of the "bigger wheel." The dependent variable was
the size circle (outside diameter) the pair of wheels makes. Asso-
ciated with each variable was a set of interrelated concepts as
presented in Table 3.

Problem 3. The set of elements was fifteen nichrome (Chromel A)
wires through which current was passed from an AC-DC rectifier. An
ammeter and a light bulb were also present in the circuit. The wires
differed in their diameters and lengths. The fifteen wires are

represented below in a matrix (Figure 7).

Length of Wire (in feet)

10 8 6 4 2

Wire 20 X X X X X
Gauge 24 X X X X
28 X X X

32 X X

36 X

Figure 7. Matrix representing the wires that make up the set
of elements for Problem 3.
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The load voltage from the rectifier remained a constant.

When the circuit was completed, the meter responded by reading
the number of amperes, and the light bulb responded by “coming on."
The meter reading and the brightness of the bulb, both dependent
variables, depended on the diameter and length (independent variables)
of the wire through which the current passed. Associated with each of
the variables was a set of systemic concepts. These are represented

in Table 4.

The Parallel Nature of the Problems

Question 2 of the study addressed whether or not a sixth grade
child used a consistent strategy over three parallel problems. The
three problems were parallel in the following ways:

1. Each problem addressed the same task:

Given: Set of elements
Observation/measurement procedure for the
dependent variable
Dependent variable name
Required: Correlational rule for independent
variable(s) and dependent variable that
holds for the given elements

2. Each problem contained fifteen elements.

3. Only certain fixed combinations of values on the independ-
ent variables were represented in the set of elements. Subjects could
manipulate the independent variables only by selecting among the given
elements.

4. The arrays of available values of independent variables

were parallel in structure as reflected in Figures 3, 4, and 5.



45

uotjdadsul
LenSLA

SI|0A U

JuaudjjLp
‘awes

3LN2uLd
Y]

up J333w
abej oA

ayy uo
burpeaa ayy

abejoa
peo| se
patidde b6uy
-3Qq S3|0A
JO Jaquny

uoy3dadsul
LenstA

3ybrLagq se jou
‘433ybLuq

Si 3LNoALD
3y3 up sy eyy
qLnq 3y3 jybruq
MOy jJO dunseau
9ALIR}L|enb ©

qLnq 3y3 jo
ssaujybiraq ay)

uo|jdadsut
LenSLA

SjLun u

Jaey
se j0u ‘uadyjJey

ILNdULD
3yl uf J3jduuR
ayy uo buipeau ayj

J3A0 SaAow
3 paau 3yl Jey MOH

S1d3INOD JIW3LSAS

wa|[qo4d 404 YIOMIBN

S92UlUISJLP
404

S3J4lM 3Y3
buy93j 40
uotdadsug
LensiA

Jauutyl
EECPEIT

a4iM 3Yyy JO
Ja33weLp 3y3

d4M 3y 40
SSauUXILYY 3yj

s3daosuo)

‘v 2lqel

uoijoadsul
LensiA

sawiy 3J0
Jaqunu u

J9M34 ‘duow

d4LM 3Y3 JoO
y3buay ayy

paeoq
e punoue
paddeum sy
3JIM 3Yy] saul)
JO Jaqunu 3yj|

(9ALjeuedwod)
34NpadoU(
JusuwRANSedy
JuoLieAdsqQ

(paJnseaw)

(9AL3eaRdWod)
sanep

uoL3tusJag
aqeJep

weN d|qeLJeA

S1d3ON0J DJILATVNY



46

(3ue3suod pLay

st yjbua| ayy
Udym) ,qinq 3y3
A93y6Laq 3y “sum
Y3 LILY3 3y3,

(3ue3suod

PL3Yy SI 34iM

3Yyj Jo ssau
=321yl 3yy uasym)
«qLNq 3yl Joumip
3yl ‘suLm jo
suanj j0 uaqunu
ayy 493e3ub ayj,

(3uejsuod pLay

SL d4IM Y3

O Ssauydyl

9yl uaym) ,qLnq

ayy 433ybiug

Y3 ‘aatm jo

suany j0 J3aqunu

(PatJeA 3JON) 9y} Jam34 a8y,
4333w | OA
Yyl
uo SaAOW
3| paau
Yy siypun
30 Jaqunu
3yy 3uno)

3J4LM 3Y3 JoO
SSauXdLy3 3ayy pue
pJ4eoq 3yl punoue
paddeum st a4im 3yl
Sawi3 JO Jaqunu 3y}
Japun udAapb sapny

Jaj2uue 3yj3 uo
SaAow 3| pasu
3y3 sajun jo

Jaqunu 3y3 3uno)

S1d3INOJ IIW3LSAS

(juejsuod
PL3Y st
ybua| ayy
U3YMm) ,a3A0
S9AOW 3| pasu
3y} Jey SS9
ayy ‘aJtm ayy
Jauuiyl ayl,

(juejsuod
PL3Y st
yibuay ayy
uaym) , A0
S9AOW 3| paau
ay3 oJow

Y3 ‘aam ay3
JaX31Y3 3yl

(P3NULIU0D) £ W3|QOJdd 404 Y4OMIAN S$3daduo)

(3ue3suod pay
SL ssauyoLyl
3yl udym)
wJ19A0 SdAOW

9 pasu ay3

Jdej ss3|

Y3 ‘UM

JO suany

aJow 3y3,

(jue3suod
PL3Yy

SL ssau
=¥1Y3 3yy
UBYM) ,UdA0
S9AOW 3| paau
ay3 duouw

3yl ‘auim jo
suany ayj
A9M33 33,

pJeoq e punode
paddeum si
94LM Y] sdw)
JO a3qunu

3y3 3unoj

'y alqel

( *@suodsau
pajoadxa ayj3
J0 3d4ed jo0u

S§ sasayjudued
ujp jued 3yjp)

sa|ny
{euotqe 34409

(paanseaw)

S1d30N0J JILATYNY



47

SpJeoq punose paddeam Sa4im Sjudwa| 3

(Juejsuod pay
st yibuay ayy
usaym) .qLnq 3yl
J2umuLp 3yjy ‘adim
9y3 Jauutyy a3y,

S1d3INOJ JIW3ILSAS S1d3INOD IJILATVNY

(PanuL3uod) ¢ wA|qouad 404 NIOMIBN S3daduo) “p I|qe)



48

Problem and Protocol Development

Pilot work indicated that the level of difficulty of the
problems was not the same. The problems for the study, then, were -
ordered from easfest to hardest: rods, wheels, wires. These reasons,
determined from the pilot work, are given for that ordering:

1. The children had had experiences with “"rods" that bend;
e.g., a fishing pole.

2. The Wheels Problem could be reduced to one independent and
one dependent variable instead of two independent and one dependent
variable if the child focused on the difference between the sizes of
the bigger and smaller wheels as the independent variable.

3. The thickness of the wire in the Wires Problem was the
least salient variable in all of the problems.

In the preliminary piloting of the problems, efforts were made
at structuring the protocols for the problems such that information
about what the subject was doing could be gathered while the subject
was performing the task. This interruption of the subject's perform-
ance of the task interfered with the subject's thinking significantly,
and the information gathered was of no great benefit. The decision was
made to give instructions, asking the subject to "think aloud" if he or
she could, then allow the subject to perform the task without inter-
ruption, and use the stimulated recall procedure to obtain as much
information as possible about what the subject was thinking as he did
the task. Protocols for the administration of the problem appear in

Appendix D.
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Stimulated Recall

Norman Kagan and his colleagues (1976) developed a procedure
called IPR (Interpersonal Process Recall) for use in training
physicians and mental health personnel. He writes, "What we observed,
in '62, was that if a person is videorecorded while s/he is relating to
another and is thus shown the recording immediately after the
interaction, the person is able to recall thoughts and feelings in
amazing detail and in depth (Kagan, 1976, p. 1). Smith and Sendelbach
(1977) adapted this procédure for use in their teacher planning study,
where after the teacher had planned a unit of instruction he reviewed a
videotape of his planning procedure and was asked to stop the tape and
comment on anything he remembered about what was happening at that
moment. They also used the technique with teachers and students to
reconstruct classroom interactions.

With this background information, this experimenter decided to
try this procedure with the sixth grade children. From the preliminary
pilot work, it was clear that, for most children of this age, "thinking
aloud" while performing a task tended to interfere with their normal
thought processes. Stimulated recall provided a means of getting
verbal information from the children about what they were doing without
interfering with their task performance. The protocol used and a list
of typical questions the experimenter asked of the child are in

Appendix E.

Protocol Analysis

The experimenter reviewed the videotapes of the actual problem

performances, making detailed notes. These notes became the written
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record of the raw data. Inferences were then made regarding each
subject's mental processes using the actual problem performance data
alone. A sample of a transcribed videotape w/inferences made follows
in Figure 8.

The audiotape of the stimulated recall was then transcribed and
used to validate or disconfirm inferences made on performance data
alone. Additional inferences about the child's performance were also
made where appropriate. A sample of a transcribed audiotape
(corresponding to the sample transcribed videotape) with inferences
made follows in Figure 9.

The child's performance on each problem was then modeled in a
flow chart using processes previously defined by Smith et al. (1972),
Padilla (1975), Finley (1977), and new ones defined for the purposes of
this study. The experimenter constantly referred to the detailed notes
and inferences for evidence while preparing the models. The model
developed for the corresponding videotape and audiotape analyses in
Figures 8 and 9 appears in Figure 10.

Guidelines used in making inferences and analyzing the
protocols are given in Appendix F. Definitions of the processes used
in modeling the performances and strategies are given in Appendix G.

A sample of the videotapes of actual task performance and of
the audio-recorded stimulated recall were reviewed by a colleague,
using the guidelines and definitions of processes, to establish the
validity of the modeling process.

Up to this point, the analysis was, more or less, straight-
forward, once the guidelines for analyzing the protocols were

established and all of the processes were defined. The next phase of
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Videotape #VJ

Activity Analysis Record Form

Tape begins @113

Page 1 of 1
Subject #5
Task Problem #l1-Rods

s
e ] .
2 . § § o Descriptive Notes Inferences (Al's)
22028 |3 |3
L LI VIR (7 ] 2.
S |- )
1113 |T |E| Instruction
2 1193 T |S | Activity Begins.
3194 [T |[S|S takes #3, tests it. Al1-3a S selects
(Tength 1-thickness 1) thinnest and shortest
4 1207 |T |S|S returns #3, rod. AI1-3b S observes
51208 |T |S|S takes #4, tests it. #3.
(length 4-thickness 5) AI1-5a S selects thick-
6 {218 |T |S|S returns #4. est and what s/he thinks
7 1219 |T |[S] "The thinner around the rod is longest rod; AIl-5b
is, the further down it will S observes #4; All-5¢c S
8 bend." is not attempting to
9 1221 |T |E| "Would you say that again?” AIl-7a S has not encoded
10 {222 {T |S| "The thinner around the rod length values, only
11 1s, the further down it will thickness and bending
bend." values,
12 1223 |T |E] "Are you sure of your ryle?" All-7b S reports rule, |
13 S| S nods.
14 1224 |T |E| "Do you want to continue work-
. ing?"
15 S| "No."
16
17
18
19
20
21
22
23
24
25
26
27
|28
29
30
31
32
33
34
35
6
37
38

Figure 8.

Sample Activity Analysis.
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Audiotape #AM Page 1

Stimulated Recall Analysis Record Form

Subject
Task

Tape begins @ 003

of 3
#5
Problem #1-Rods

,§ ° Descriptive Notes Inferences (SI's)
L o Ol &~
S e §|§ o
& Ola % -]
g=lrgq e
L Y| wv
o (-4

1 |003|S|E | Instructions for Stimulated Recall

2 |016|S Videotape Begins - Instructions for

L_ Activity

T 10523(E (1-2) "Were you thinking anything in

4 particular at this point?"

5 S{S | "No, not really.”

6 S{E ["Did you h ny id

7 was at this point?"

8 SIS |"Yeah,"

9 S|E |"Do you remember what you were

10 thinking it might be2"

11 SIS |"Well, it just seems 1ike that the SI1-11 S retrieves
12 thicker it would be, it wouldn't rule - the thicker,
13 bend as easier.” the less it bends -
14 S|E |"Is there some reason--is there 3s hypothesis, |
15 something you had done before that

16 gave you a clue that that might be

17 the rule here?"

18 SIS |"Not really."

19 E |"Do you recall anything like that?"

|20 SIS IS shook head in the negative, |
21 S|E |"Did you have any idea at this
22 point how you would go about
finding out if that was the
r!!lg?ll
s llNo.M
D64 IS |E |(1-3) "The first rod yoy chose was |

#3. Was there any particular reason
for choosing #3 at this point?"

"Because that one looked like the
thinnest one and it woul

easier to test just the thinnest
one than al -

—

know it would take less time
and stuff."

SI1-29 S selects
| thinnest rod. Modi-
fies All-3a;

Lsupports All-7a3

"Did you have any idea about what
¢ ] i

(¢ - IY] o)) s win o oo o H»

put the weight on it?"

"I thought it would bend down pretty

S11-38 S predicts

Figure 9. Sample Stimulated Recall Analysis.
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Page 2 of 3
Stimulated Recall Analysis Record Form Subject #5
Task Problem #1-Rods
=
2 a Descriptive Notes Inferences (SI's)
L o N V| S
[ gl
c JedEl
292838
S g |
1 S |E |far because it's thin and-" value for bending of
2 S |E |(Tape Begins) "What happened when rod; supports SI]-11]
3 you put the weight on i1t?"
4 S |S |"It bent down really far." [ST12-4 S encodes val-
ues for bending of
5 S |E |"Is that what you expected?" rod. Confirms AIl-3b/
6 S |S |"Hu-huh." -6 S judges pre-
7 S |E ["Did you at this point have any idea |diction to be
8 about what to do next to chegk your lcorrect,
9 rule?”
10 SIS |"Not really."”
11 1086|S |E [(1-5) "The next one you picked was
12 #4. Was there any particular reason |
13 for choosing #4 at this point?”
14 S 1S |"Well 1SI2-14 S selects
15 I just thought it would be better- thickest rod. Modi-
| 16 1 mean it' | fies All-5a. Use of
17 really thin one and a thicker one “all the ones in be-
s.in tween" implies S is
19 between to find out." looking at extremes.
| 20 S |E |"Did ,
21 #4 would do at this point when
22 you put the weight on2"
23 S |S |"Yeah, I thought it wouldn't bend S12-23 S predicts
(24 down as far becayse it's thicker  |value for bending of
25 and-" rod; supports SI1-11.
26 S |E |(Ta i "W
2 you put the weight on #42?"
28 S |S |"It didn't dd SI12-28 S encodes
29 when I put the weight on #3." value for bending of
30 S |E {"Is th dz2" rod. Confirms AI1-Sh
3T | S ["Hu-huh." SI2-31 S judges pre-
32 |109)S |E |(1-15) "Yo id th | diction to be
3 around it is, the further it bends. |[correct
35 S |S ["Yeah, pretty sure."
136 | IS |E |"Can you tell me--is there an r-
37 ticular reason you were so sure of
38 your rule?"

Figure 9. (Continued)
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Page 3 of 3

Stimulated Recall Analysis Record Form Subject #5

Task Problem #1-Rods

Descriptive Notes

Inferences (SI's)

IINO 'll

wwlwwww w mebmmmhwlmr—- »-bo—-b—u—-lv—u—-lo—
00 O Dl W =0 Vo oy Ll WM =IO Bk oy Vil W o Wik oy e W =

Figure 9.

(Continued)
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PERFORMANCE MODEL
Subject #5 INPUT: set of rods

Problem #1 - Rods observation procedure

for amount of bendin

variable name: amoun

of bending

Instructior

b
DECODE
observation procedure
SCAN k— for amount of bending
rods variable name: amount

INDEPENDEN
logically | VARIABLE
necessary | IDENTIFI-

for SIT-11 of bending
Instructions
AI1-7b
rule relating amount of s L1-38
bending to thickness DESIGNATE1 MINPIC PREDICT VALUE
(the thicker the rod, thJ"ﬂ rule for amount
less easily it bends) as hypothesiy [thinnest) | of bending
logically ©S11-29 1
SIt-1 necessary for
SI1-38, SI2-23 AI1-3b, OBSERVE
SI2-4 rod #3
REDICT VALUE MAXPIC JUDGE PREDICTION
2%;:33’ OBSERVE or amount of —
rod #4 bending thick- (correct)
} st)
L S12-23 SI2-14a S12-6
JUDGE PREDICTION 5| JUDGE HYPOTHESIS REPORT

rule: The thinner around th
(correct) (correct) rqd is, the further down it
$12-31 logically 'W1111?i;g.
necessary lL
for AI1-7b
JUDGE RULE

(sure)

Figure 10. Sample Performance Model.
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the analysis, moving from the performance models to strategy models of
some kind, was now exploratory. It was anticipated that when one
observed the patterns of a single individual across the three parallel
problems that a single “Best Fit" or strategy model could be built for
that individual. The anticipation of a possible "Best Fit" or strategy
model for a single individual over the three parallel problems also
presupposed that the individual would be consistent, more or less, in
his/her strategy use. This part of the analysis was difficult, at
best, with the data available, as the experimenter's expectations
regarding the matter of consistency were not borne out. The actual
analysis used is more fully described in Chapter IV, and the

implications of it are discussed in Chapter V.



CHAPTER IV

RESULTS

This study proposed to address two issues: (1) the
identification of strategies sixth grade children use in finding
relations between variables given the following task:

Given: Set of elements

Observation/measurement procedure
for the dependent variable
Dependent variable name
Required: Correlational rule for independent variable(s)
and dependent variable that holds for the
given elements
and (2) the determination as to whether a strategy or elements of a
strategy are used consistently by a child when presented three
parallel problems involving the same task over different content.

The two children in the formal pilot are included here because
they reflect strategies not encountered with the six children in the
final study. The children from the formal pilot will be referred to

as Pilot Subjects.

Overview of the Results

The sixth grade children in this study were able to find rules
relating one or both independent variables to the dependent variable.
Performance models were built for each of the eight students on each

of the three problems for a total of twenty-four models.
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Strategies were identified for the students' performances.
These strategies were modeled as components of a performance, rather
than models of the whole performance, as had originally been expected.
The strategies fell into two categories: rule-testing strategies and
rule-forming strategies. For any given performance, a student used one
or some combination of several strategies to find the rule. Some
students used strategies in both categories for a given performance:
rule-testing and rule-forming. Other students used a strategy or
strategies from the rule-testing category only; i.e. they apparently
retrieved a rule from long-term memory immediately as they began the
task and proceeded in a rule-testing mode until the problem perform-

ance was completed.

Rule Formation Data

Every subject formed at least one rule for each problem
presented. The eight students had a total of twenty-four opportuni-
ties to find rules; a total of twenty-seven rules were reported. Of
these twenty-seven rules, nineteen were simple rules and eight were
compound rules. A simple rule was defined as a rule that relates only
one of the two independent variables to the dependent variable. A
compound rule is a rule that relates both independent variables to the
dependent variable. Twenty-four rules were correct; three were incor-

rect. This data is presented in Table 5.

Identification of Strategies

The strategies the sixth grade children in this study used in

solving problems of the aforementioned type were found to be of two
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kinds; (1) strategies for testing rules and (2) strategies for forming
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rules. In each of these categories, three strategies were found.

They are listed below:

1.

2.

Strategies for Testing Rules

(a)
(b)

(c)

Strategy I: Testing a Rule by Controlling Variables

Strategy II: Testing a Rule by Observing
Correspondence Between Values on the Independent
Variable(s) and the Dependent Variable

Strategy III: Testing a Rule by Selecting Extreme
Values, a Special Case of the Testing a Rule by
Observing Correspondence Between Values on the
Independent Variable(s) and the Dependent Variable

Strategies for Forming Rules

(a)

(b)

(c)

Strategy IV: Formation of a Rule by Controlling
Variables

Strategy V: Formation of a Rule by Observing
Correspondence Between Values on the Independent
Variable(s) and the Dependent Variable

Strategy VI: Formation of a Rule by Selecting
Extreme Values, a Special Case of the Formation of
a Rule by Observing Correspondence Between Values
on the Independent Variable(s) and the Dependent
Variable

It should be noted that the Strategies for Testing Rules and the

Strategies for Forming Rules are parallel in nature.
selecting elements to observe are similar for Strategies I and IV, II

and V, and III and VI.

The method for

fact that elements are selected in Strategies I, II, and III for the

purpose of testing a rule; those selected in Strategies IV, V, and VI

are for the purpose of trying to form a rule.

Models of these strategies, some narrative describing the

strategies, and an example of a subject's performance where each

strategy is used follows.

The difference in these strategies lies in the
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Strategies for Testing Rules

These strategies were employed when the subject had either
retrieved a rule from long-term memory or had formed a rule in a
previous set of processes.

Strategy I: Testing a Rule by Controlling Variables. This
strategy allows one to test a rule by first choosing an element to
test and then selecting successive elements such that the independent
variable of interest is allowed to vary while the other independent
variable is controlled. A model of this strategy appears in Figure
11. The guidelines used for making inferences about processing steps
are listed in Appendix F. Some of these are reviewed here to clarify
the meaning of the steps in the strategy model.

When the subject and the experimenter viewed the videotape in
stimulated recall, they discussed each element selected. A line of
typical questioning was as follows:

(1) "Was there any particular reason for choosing # 27"

(2) "Did you expect # to do anything in particular when

you tested it?*
If the answer to #1 was "yes" with some explanation, it was inferred

that the subject selected that element, rather than chose it, more or

less, randomly. If the answer to #2 was "yes" with some explanation,
it was inferred that the subject predicted a value for the dependent
variable before observing it. If the subject did make a prediction
before he or she tested the element, the experimenter inferred that
the subject was testing a hypothesis he or she generated before or at
the time the element was selected. Furthermore, the experimenter

inferred that the subject judged the prediction correct if he or she
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RETRIEVE or FORM RULE
INPUT ———| relating dependent

variable to independent
variable
CHOOSE PREDICT VALUE
DE§5$2A151 element or ——4 for dgpendent
hypothesis LEMENT SELECTION' variable
NO JUDGE PREDICTION OBSERVE
element
LT or GT
PREDICT VALUE ELEMENT L
for dependent f— SELECTION
variable WITH
CONTROLLED
JL |_VARIABLE | =

OBSERVE N JUDGE PREDICTION
" element

REPORT
rule

Y.

JUDGE RULE
sure?

NO

JUDGE HYPOTHESIS

correct?

YES

Figure 11. Strategy I: Testing a rule by controlling variables.



67

answered the question, "Is that what you expected?", in the
affirmative when the element was tested.

Controlling variables was not inferred unless the subject
mentioned that he or she was attempting to control variables. Merely
selecting two or three elements where one of the independent variables
remained constant was not viewed as sufficient evidence.

The inference that a hypothesis was judged to be correct was
made when a subject reported a rule in the activity protocol or other-
wise indicated that to be the case in the stimulated recall. The
experimenter inferred the subject judged the hypothesis to be
incorrect when another hypothesis took its place or when the subject
otherwise indicated that to be the case in the stimulated recall.

JUDGE RULE is an artifact of the protocol itself. When the
subject reported a rule, the experimenter asked the question, "Are you
sure of your rule?* If the response was "yes," the experimenter
indicated that the rule was judged correct. If the response was "no,"
the experimenter indicated that the rule was judged incorrect.

The example of a subject using Strategy I is that of Pilot
Subject #2. (See Figure 12.) Values describing the numbered elements
(the wires) are presented in the Key. You will note that the subject
actually used Strategy I twice in testing rules in this part of the
protocol for the Wires Problem.

Strategy II: Testing a Rule by Observing Correspondence
Between Values on the Independent Variable(s) and the Dependent
Variable. This strategy allows one to test a rule by choosing or

selecting elements and noting whether the direction of the values of
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KEY: WIRES MATRIX
Length of Wire
10 ft. | 8 ft. | 6 ft. | 4 ft. | 2 ft.
20 #5 #10 #9 #4 'Ig]
(21 174021 3/4)(22 1/4)0 (23) (23 1/2)
24 #15 #3 #8 #3
:ire = (18 1[2ﬂg19#3(4z 21 } 4 2221 2
auge (14 1720 (17) (20 1/4)]
32 #14 | #6
(1) 1167)
36 #12
(9%)

*Actual performance of this problem by this subject
involved a rather lengthy procedure that led to the
discovery of the second independent variable (thick-

ness). This part of the performance was omitted in

this figure to highlight the use of Strategies I

and IV.

Input*
CHOOSE
wire # 14

> T GT ELEMENT

- SELECTION

gﬁ 0BSERVE - WITH OBSERVE

- wire #14 CONTROLLED wire #1

5 VARIABLE

n (thicker, same

length)
le moves over to thick-
ess: If the wires are
he same length, the
GT ELEMENT thicker the wires, the far}
+‘“ . , SELECTION her !
PREDICT VALUE WITH
for how far CONTROLLED
the needle VARIABLE F DESIGNATE1
(thicker, rule as.
e ale same length) hypothesis

Figure 12.
Wires Problem.

Abbreviated Performance Model of Pilot Subject #2--
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PREDICT VALUE
OBSERVE —3 JUDGE PREDICTION MINPIC =3 for how far
wire #4 (correct) (thin- the needle
|__nest) | L.MIQ.YSL_
ELE&ENT JUDGE PREDICTION OBSERVE
SELECTION b (Correct) Wire #12
WITH
CONTROLLED
VARIABLE
(thicker,
LT
ELEMENT
0BSERVE SELECTION Pﬁg?‘f\;"?ﬂ‘;
wire #2 - WITH the need]:
CONTROLLED
VARIABLE
(thinner,
wire #6
PREDICT VALUE] M -
WITH
the needle VARIABLE correc
moves over (thickest,
OBSERVE JUDGE PREDICTION UDGE HYPOTHESIS
wire #11 (correct) (correct)
FORM RULE
elating how far the needle
MG?;;C ves over to length: The
CONTROLLED ess times the wire is
VARIABLE rapped around, the farther
DESIGNATE1 eedle moves over.
(Tongest, rule as
same
thickness) hypothesis
S 42
= Figure 12. (continued)
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PREDICT VALUE
for how far
the needle

OBSERVE
wire #5

moves r

JUDGE PREDICTION
(correct)

L

OBSERVE

fe—r

PREDICT VALUE
for how far

wire #13

1

JUDGE PREDICTION
(cprrect)

| CONTROLLED

MAXPIC
WITH

VARIABLE
(Tongest,

same thick-

the needle
moyes over

MINPIC
(short-
est)

PREDICT VALUE
for how far
the needle

OBSERVE

L3

wire #15

JUDGE HYPOTHESIS
(correct)

[JUDGE PREDICTION

(correct)

|

REPORT
combined rule:

read on the meter.

The thicken
and the less times it goes
around, the higher it'11

N~

Figure 12.

JUDGE RULE

(sure)

(continued)
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the independent variable(s) of interest and the dependent variable are
consistent with the direction predicted by the rule. A model of
Strategy II is found in Figure 13. If a prediction is found to be
inconsistent with the actual values observed, it may lead the subject
to either ignore that data or, perhaps erroneously, to judge the
" hypothesis incorrect. Strategy II seems to work only because the
subjects tested many elements when that strategy was applied. This
testing of many elements, and the fact that some evidence is ignored
when it is not consistent with predictions, indicates that Strategy'II
is probabilistic in nature. The performance model of Pilot Subject #1
on the Rods Problem exemplifies the use of this strategy. (See
Figure 14.)

Strategy III: Testing a Rule by Selecting Extreme Values, a
Special Case of the Testing a Rule by Observing Correspondence Between
Values on the Independent Variable(s) and the Dependent Variable
Strategy (Strategy II). This strategy is very similar to Strategy II,
except that the elements selected have extreme values on the inde-
pendent variable(s). Selecting elements with extreme value(s) on the
independent variable(s) was not inferred unless the subject used the
superlative term; e.g., biggest, longest, thinnest, in his or her
description of the selections made. Strategy III also tends to be
more efficient than Strategy II, in that attending to extreme values
typically requires fewer observations before the subject is willing to
report a rule than when one does not attend to extremes. Figure 15 is
a model of Strategy III. Subject #5's performance on the Rods Problem

is given as an example of this strategy. (See Figure 16.)
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INPUT

RETRIEVE

‘ﬂ or
FORM RULE
relating dependent
variable to independent
yariable(s)

0BSERVE
element

PREDICT VALUE
for

dependent
variable

)

JUDGE PREDICTION

ke

DESIGNATE1
rule as
hypothesis

L

CHOOSE
element
or
ELEMENT
SELECTION

or
TWO VARIABLE

correct? N0
[~ 4
(7]
e~
JUDGE HYPOTHESIS NO
correct?
NO JUDGE RULE REPORT
rule
Ll
S
Figure 13. Strategy II: Testing a rule by observing corre-

spondence between values on the independent variable(s) and the

dependent variable.
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KEY: RODS MATRIX
Length af Rods
25 ip, | 21 in. | 17 §n, | 13 in, 19 in,
7/32 #13 ?4 (#15 #10 #12
(11) 7) 3 1/2)1 (2) (1)
3716 #6 m #7 #8
Thick- (13) (7 1/2)1 (4) (2)
n:ss 5/32 14 fS #1
0 {15) 7) (
Rods 1/8 #12 331121
(inches) (16 1/2) (7)
3/32 #3
(19)
INPUT: set of rods
observation procedure
for amount of bendin
variable name: amoun
of bending
Instructions
INDEPENDENT o t[_JECODE ) )
VARIABLE servation procedure for
IDENTIFI- ¥ SCAN %=1 “amount of bending
CATION rods Variable name: amount of
(thickness) I:Ei"d?giaas
RETRIEVE1
rule relating amount of
bending to thickness: The
thicker, they wouldn't bend
as much as the thinner ones.
o rule as rod #13 or bending o rod #13
3 |hypothesis rod
q
5 - L
PREDICT VALUE JUDGE PREDICTION
for bending r sEtEg%?gN L*
of rods (thinner)
o
[

Figure 14.

Performance Model of Pilot Subject #1--Rods Problem.
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Strategy VI

LT
OBSERVE JUDGE PREDICTION ELEMENT
rod #9 (incorrect) SELECTION
(thinner)
JUDGE PREDICTION OBSERVE P ﬁgglgznxﬁt“
(correct) rod #3 of rods 9
JUDGE HYPOTHESIS REPORT
(correct) rule: The thinner they are,
the more they bend when you
put the weight on, and the
thicker, they don't bend as
much.
n;g gﬁgﬁég# NDEPENDENT
SELECTION VARIABLE k;__‘ DESIGNATE1 JUDGE RULE
1 DENTIFI- rule as (not sure)
(Tonger, 1 I'catroN hypothes s
thicker) length)
PREDICT VALUE JUDGE PREDICTION
for bending"“ﬂ 23355¥§ (incorrect)
of rod
JUDGE HYPOTHESIS
(incorrect)
PREDICT VALU MINPIC
OBSERVE for bendin and
rod #12 of rod 9 MAXPIC
(shortest,
] thickest)
4.,,
~
Figure 14. (continued)
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l

JUDGE PREDICTION
(incorrect)

v

FORM RULE
relating amount of bending to
thickness and length: The
thicker and shorter they are,
the less they bend.

|

REPORT
rule: The thicker and
shorter they are, the
less they bend.

JUDGE RULE
(sure)

Figure 14. (continued)
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RETRIEVE1 or
— FORM RULE

INPUT

relating dependent
variable to independent
variable(s)

N

DESIGNATE1
rule as
hypothesis

PREDICT VALUE MINPIC
2?2:2!5 for dependent or
variable MAXPIC

L

JUDGE PREDICTION

NO

YES

JUDGE HYPOTHESIS

JUDGE RULE k | REPORT
rule

Figure 15. Strategy III: Testing a rule by selecting extreme
values strategy, a special case of Strategy II.

“
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KEY:
RODS MATRIX
Length of Rod
25 in. 121 ip. 117 in. 113 ipn. 1 9 in
7/32 #13 #4 #15 #10 #12
(1) (7) (3 1/2)1 (2) (1)
3716 #6 (#n a(n) ?8
. (13) 7.1/2) 4 2)
Thick- 73 s #5 #
of . (15) (7) (3 172
Rod 1/8 #2 #9
(‘; sh ) (16 1201 (1)
nchest | 3/32 #3
(19)
INPUT: set of rods
observation procedure
for amount of bending
variable name: amount
of bending
Instructions
INDEPENDENT DECODE
VARIABLE ‘ h | observation procedure
IDENTIFI- i igﬁg for amount of bending
CATION variable name: amount
(thickness) of bending
Instructions
F l
RETRIEVE1
rule relating amount of
bending to thickness: DESTSNATET MINPIC
The thicker the rod, the hypothesis (thin-
_| [1ess easily it bends. yp
Ei PREDICT VALUE
Q
- for amount
5 JUDGE PREDICTION | OBSERVE of bending
V) (correct) rod #3
2
a
.2

Figure 16. Performance Model of Subject #5--Rods Problem.
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PREDICT VALUE
for amount
of bending

OBSERVE
rod #4

.

J

JUDGE PREDICTION
(correct)

L

JUDGE HYPOTHESIS
(correct)

REPORT
rule: The thinner around the
rod is, the further down it
will bend.

!

JUDGE RULE
(sure)

Figure 16.

(continued)
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Strategies for Forming Rules

These strategies were employed when the subject had not yet
formed a rule and was testing elements in an effort to determine what
relationships between variables might exist.

Strategy IV: Formation of a Rule by Controlling Variables.
This strategy allows one to form a rule by first choosing an element
to test and then selecting successive elements such that the inde-
pendent variable of interest is allowed to vary while the other
independent variable is controlled. Again, controlling variables was
not inferred unless the subject mentioned that he or she was attempt-
ing to control variables. Strategy IV is modeled in Figure 17. Use
of Strategy IV is demonstrated in Figure 12.

Strategy V: Formation of a Rule by Observing Correspondence
Between Values on the Independent Variable(s) and the Dependent
Variable. This strategy allows one to form a rule by choosing or
selecting elements and noting whether a pattern develops, enabling one
to form a rule. The model of Strategy V appears in Figure 18. An
example of a subject using this strategy is given in Figure 19.

Strategy VI: Formation of a Rule by Selecting Extreme Values,
a Special Case of the Formation of a Rule by Observing Correspondence
Between Values on the Independent Variable(s) and the Dependent
Variable Strategy (Strategy V). This strategy is very similar to
Strategy V, except that the elements selected have extreme values on
the independent variable(s). Again, selecting elements with extreme
value(s) on the 1ndependenf variable(s) was not inferred unless the

subject used the superlative term; e.g., biggest, longest, thinnest,
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element

INPUT ———  ©'°78

ELEMENT
SELECTION

1

0BSERVE
element

L

LT or GT
ELEMENT

WITH
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SELECTION
CORTROCLED!

0BSERVE
element

independent

relating depen-
dent variable to

JUDGE RULE

I

REPORT

rule

DESIGNATE1
rule as
hypothesis

—

Figure 17.

variables.

JUDGE HYPOTHESIS |

Strategy IV:

Formation of a rule by controlling
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CHOOSE
INPUT element or
ELEMENT
SELECTION

or
TWO VARIABLE
ELEMENT
SELECTION

OBSERVE
element‘

1

FORM RULE

NO

DESIGNATE1
rule as
hypothesis

L

JUDGE HYPOTHESIS

YES

NO JUDGE RULE

REPORT
rule

Figure 18. Strategy V: Formation of a rule by observing
correspondence between values on the independent variable(s) and the

dependent variable.
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KEY:

WIRES MATRIX
Length of Wire

10 ft.] 8 ft.| 6 ft.| 4 ft.
20 F 11 F10 #9 #4 #11

(21 1/4)(21 3/4)(22 1/4) (23 |
L?l’ #15 #3 #8 #13
Wire (18 1/2)3(19 3/4)(21 1/4)(22 1/2)

Gauge | Z8 #/ #1 #2
14 1/2) (17)

32 #14 | #6
(1) | (16-)

36 #12
(9%)

INPUT: set of wires

observation procedure for
how far the needle moves
over (and brightness of
bulb)

variable name: how far the
needle moves over ( and
brightness of bulb)

Instructions

L

DECODE

Observation procedure for
how far the needle moves
SCAN over (and brightness of

elements bulb)

Variable name: how far the
needle moves over ( and
brightness of bulb)

£ Instructians
I INDEPENDEN f GT
CHOOSE VARIABLE ~ OBSERVE] ELEMENT
—# IDENTIFI- —
wire #9 CATION wire #9 SELECTION
(Tength) (1onger)
>
- L
9 FORM RULE
© relating length or wire
Sl ol to brightness of the bulb OBSERVE
© The shorter the wire, the wire #10
: less bright the bulb
o burns.

Figure 19. Performance Model of Subject #5--Wires Problem
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l

PREDICT VALUE
for bright-

LT
ELEMENT
DESIGNATE! "‘SELECTION *PREDICT VALUE O0BSERVE
rule as (shorter) for bright- wire #12
hypothesis ness of bulb
v
SE JUDGE PREDICTION
PREDICT VALUE ELEMENT k—< (correct)
for bright- SELECTION
ness of bulb (same
' length)
OBSERVE
wire #13 ‘_..#JUDGE PREDICTION .__*JUDGE HYPOTHESIS
(incorrect) (incorrect)
FORM RULE -
relating length of wire GT
DESIGNATE .__|to brightness of the fe— ELEMENT
rule as bulb: the longer the SELECTION
hypothesis wire, the brighter the (Tonger)
1 bulb.

ness of bulb
OBSERVE JUDGE PREDICTION
wire #15 (correct)
e
LT
ELEMENT
OBSERVE ﬁgf”ﬁﬁ}gXQ&“E ' SELECTION
wire #6 ness of bulb (shorter)
- |
JUDGE PREDICTION}— JUDGE HYPOTHESIS REPORT

(correct)

(correct)

JUDGE RULE
(sure)

Figure 19. (c

ontinued)

rule:
the wire is, the
duller the bulb an
the needle won't
move up as far.

The shorter

[-%
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in his or her description of the selections made. Figure 20 is a model

of strategy VI. Its use is exemplified in Figure 14.

Consistency of Strategy Use

Table 6 shows the strategies used on each problem, with the
exception of the Wires Problem of Subject #3. Conflicting data in the
Activity Protocol and the Stimulated Recall Protocol made the modeling
of that problem performance impossible.

The experimenter had anticipated that a strategy might‘be
formed for the whole task and that a subject would be either consis-
tent or inconsistent in the use of that strategy across problems. As
one can see in Table 6, these expectations were not met. Rather,
strategies for parts of the task were usually strung .together in order
for the subjects to complete the entire task. An alternative analysis
had to be considered. Table 7 displays the strategies used by subjects
on each problem in a different format. Looking at the data this way
allows one to look at the number and identity of the strategies in each
subject's repertoire. It also allows one to examine the number of
subjects using each strategy.

It is interesting to note that five of the eight subjects used
neither of the controlling variables strategies and that one of these
five, Subject #4, used only the two strategies associated with looking
for correspondences between the values on the independent variable(s)
and the dependent variable. It is further interesting to note that
both Pilot Subject #1 and Pilot Subject #2 employed all six strategies
identified.
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MAXPIC
or
MINPIC

INPUT

~ OBSERVE
element
FORM RULE

elating indepen-

dent variable(s)
o dependent

DESIGNATE1
rule as
hypothesis

L

JUDGE HYPOTHESIS correct? NOT ﬁgRE or
REPORT
o rule
= _}/
YES sure? JUDGE RULE
(sure)
Figure 20. Strategy VI: Formation of a rule by selecting

extreme values, a special case of Strategy

V.
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Summar

Data was reported as to the nature of the rules formed by
the sixth grade students in this study; i.e., whether the rules were
simple or compound rules and whether the rules were correct or not.
The nature of the strategies identified was such that they were modeled
as components of a performance, rather than models of the whole
performance, as had originally been expected. Six strategies that
these sixth grade children used in finding relations between variables
were identified and modeled. Three of the strategies were used in
testing rules; three were used in forming rules. The numbers of
strategies each subject had in his/her repertoire were determined from

the performance models of each problem by each subject.
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CHAPTER V

INTERPRETATION OF RESULTS

It is clear that the eight sixth grade children (two from the
formal pilot and six from the actual study) were accurate in finding
rules involving relations between variables (89% correct). It is
additionally clear that these sixth grade children used strategies when
they were asked to find relations between variables, but that they
differed in the number of strategies they have in their repertoire for
this purpose. (See Table 7.) The strategies identified were compo-
nents of the whole problem performance, rather than strategies for the
whole problem, as had originally been expected.

Performance models were built for each of the eight students
on each of the three problems for a total of twenty-four models. The
experfmenter had originally expected to construct a "Best Fit" or
strategy model for the student that would describe the student's
performance on the whole task. Initial efforts found it possible to do
so for a couple of the students, but much difficulty was encountered
when the “Best Fit" approach was applied to the other six students'
performances.

A finer analysis revealed that a problem performance model
could be divided into components and examination of these components
led to the identification of the strategies used by these children. A
given performance model was divided into component sets of processes,

the first set becoming a tentative strategy. Examination of other
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components in that performance model and in the performance models for
the other two problems revealed whether or not this set of processes
was used in multiple replications. If it was, this set of processes,
by definition, was identified as a strategy. Consistent use of this
methodology to examine all components of the twenty-four performance
models led to the identification of the six strategies found in this
study.

The extent to which the subjects were hypothesis-guided in
finding their rules was not anticipated. Hypothesis formation was
only inferred if, in the stimulated recall session, the subject
indicated that he or she was testing a hypothesis and/or if the
subject predicted values for the dependent variable that indicated the
subject was testing a hypothesis. Strategies I, II, and III, the
rule-testing strategies, all depend upon prior retrieval or formation
of which is a rule, then designated as a hypothesis to be tested. You
will note in Table 8 how often these strategies are used (36 times).
One subject, Subject #6, used only Strategies II and III, implying
that he/she was in a rule-testing mode at all times on all three
problems.

One might speculate that the populations from which the
children in the pilot work and in the study may be different in some
respect. Whereas, the subject selection procedures were identical, it
is interesting to note that five of the six children in the study are
similar in that they used neither Strategy I nor Strategy IV, the
controlling variables strategies. The two Pilot Subjects, on the

other hand, are similar to each other, but different from the six
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subjects in the actual study, as they employed all six identified
strategies.

Cross-referencing the strategy use data with the rule for-
mation data, one finds that all three incorrect rules were reported
for the Wires Problem and all three rules reported incorrectly
involved the length variable. In each case, the rule reported was
some version of "The longer the wire, the more the needle moves over."
This data suggests that the Wires Problem was, as was anticipated from
the pilot work, the most difficult problem.

Lastly, the experimenter considered the issue of whether or
not the rules reported by the subjects were meaningful to them. One
indication of meaningfulness of the rules would be the subjects'
subsequent use of them in a new task. For example, would the subjects
spontaneously use their rules to make predictions about what would
happen when two specific elements were tested? A rather ad hoc part
of the interview with each subject after the stimulated recall
session had the subject predict what would happen when pairs of
elements of the experimenter's choosing were tested. A summary of
this data is presented in Table 9.

It appears that the rules formulated by the subjects were
meaningful. Subjects' predictions were consistent with the rules they
had reported 77 percent of the time. Evidence that the subjects used
their rules is most dramatic when an incorrect rule yields an
incorrect prediction consistent with the rule. Predictions from
incorrect rules were consistent 86 percent of the time. Additional

evidence can be found in that, when the variable not mentioned in the
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rule was controlled by the experimenter, every prediction was
consistent with the rules given by the subjects, with one exception

(30 out of 31).
Summary

The following interpretations have been made of the data:

1. The subjects in this study were accurate in finding rules
involving relations between variables.

2. It appears that the rules formulated by the subjects were
meaningful; i.e., the subjects used the rules to make predictions
about what would happen when two elements were tested.

3. The sixth grade children in this study used strategies
when they were asked to find relations between variables, but they
differed in the number of strategies they have in their repertoire for
this purpose.

4. It is clear that the subjects were hypothesis-guided in
much of their attempt to find rules.

5. It appears that the populations from which the children in
the pilot work and in the study may be different when one compares
their strategy use.

6. It appears that the Wires Problem may be more difficult in
content than the Rods and Wheels Problems, in that all the incorrect
rules (3) were given for this problem. Perhaps prior knowledge or

familiarity with the content of the problems is a factor.



CHAPTER VI

IMPLICATIONS OF THE STUDY FOR EDUCATION AND RESEARCH

This study proposed (a) to identify strategies sixth grade
children use in finding relations between variables and (b) to
determine whether a strategy or elements of a strategy are used
consistently by a child when presented three parallel problems
involving the same task over different content. The primary purpose
for conducting this study was to gather strategy-use baseline data for

use in formulating explicit educational outcomes.

Educational Implications

The nature of the strategies identified in this study has
implications for how process objectives are viewed. The strategies
identified were modeled as components of the whole task, rather than as
a single strategy for the whole task. Consequently, the experimenter
referred to the set of strategies that a subject demonstrated in
his/her problem performances as a subject's repertoire of strategies.
These repertoires of strategies have implications for how one thinks
about outcomes or process objectives. Perhaps educators should
conceptualize such outcomes as changes in the number and kind of
strategies found in a student's repertoire. '

Six strategies were found to be used by the sixth grade

children in this study to find relations between variables, given a

set of elements, an observation/measurement procedure for the dependent

96
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variable, and the dependent variable name. These strategies, as well
as any that may be identified through additional research, need to be
evaluated for their appropriateness in the following educational
applications:

1. Curriculum developers could apply the notion of strategies
explicitly in the development of instructional materials. Knowing how
children deal with problems of this type, the developer could sequence
activities with strategy steps clearly defined that would enable the
students to proceed efficiently and directly to the relationship
sought. If the developer was most interested in the process by.which
the students find relations; i.e., if he/she was interested in assist-
ing the students in controlling variables, for example, knowledge of
the other strategies for finding relations would hopefully assist the
developer in avoiding pitfalls in sequencing of activities and describ-
.ing steps of the process. If the developer was more interested in the
relationship itself, for example, how pressure affects the volume of a
gas, he/she could suggest the alternative strategies to the teacher so
that the teacher would have at his/her disposal several ways to assist
the students in reaching the goal. The emphasis here is on communi-
cating to teachers and students the strategies that are available.

2. Knowing what strategies are likely to be present in a popu-
lation of students trying to solve these types of problems might allow
teachers to assess whether or not a task had been performed in an
appropriate way. For example, if the objective is that students
control variables in order to find the relation, knowing explicitly
what other strategies would yield the same result might assist the

teacher in knowing whether that objective had really been met.
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3. Teachers might be better able to give guidance to the child
having difficulty with the performance of this task if they were aware
of appropriate strategies. In this sense, knowledge of the strategies
would assist the teacher in a remedial function.

4, If appropriate strategies for performing the task were laid
out and taught explicitly to students, it might enable all students to
learn selected tasks more efficiently.

Potential uses for the identified strategies that need to be
researched have been briefly discussed. Beyond that, the argument that
students who cannot yet control variables should not be asked to deal
with situations where relations between variables are sought needs to
be evaluated. If the relationships are important for children to
understand more of the world around them, or if the relationships grow
from an interest expressed by the children, it would seem that alter-
native strategies might be used in order to deal with these relation-
ships, since alternative strategies that yield correct rules do indeed
exist within the population. Furthermore, evidence was found in this
study to show that these rules are meaningful to the children. The
concern would be what effect, if any, teaching alternative strategies
might have on one's eventual ability to control variables. This is an

important issue, needing further research.

Research Implications

This section has been divided into three parts: (1) the limi-
tations of this study, (2) conclusions about the research methodology

for further study, and (3) questions for further study.
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Limitations of the Study

It must be recognized that all research of this kind, where
either “thinking aloud" or the stimulated recall method is employed, is
considered by some critics to be somewhat suspect. G. A. Miller,

E. Galanter, and K. H. Pribran (1960) outline the potential dangers of
“thinking aloud“:

+ « . the task of talking may inhibit the thought

processes, or slow them down, it may make the process

more coherent and orderly then it would otherwise be,

the referents for some of the utterances are not clear,

the subject may fall silent at just the critical moment

when the experimenter would most like to know what he is

doing. But when the method is used intelligently and

conscientiously, it can provide a tremendous amount of

information about the detailed process of thought (p.304).

These same dangers may be posited for stimulated recall.
Shulman and Elstein remind us, however, that de Groot, Kleinmuntz,
Clarkson, as well as Piaget, are among those who ". . . accept verbal
reports as legitimate data and agree that knowledge of the process by
which a problem is solved is at least as important to pyschology as
observing that it was solved" (1975).

It should also be pointed out that the stimulated recall method
used in this study was used as a systematic check of the validity of
the videotaped performances, rather than the sole source of infor-
mation. It would appear that its use in that way becomes a method-
ological strength rather than weakness.

A further limitation is that flow-charting is an abstract
representation of a process with distinct pieces or boxes--one process

occurs, produces an output, then feeds into another process--a

distinctly mechanical linear process. The mental processes of an
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individual may not be linear or serial. In fact, Neisser (1963)
proposes that thought is best described by multiple processes rather
than by sequential processes.

My thesis is that human thinking is a multiple activity.
Awake or asleep, a number of more or less independent trains
of thought usually coexist. Ordinarily, however, there is a
'main sequence' in progress, dealing with some particular
material in step-by-step fashion. The main sequence corres-
ponds to the ordinary course of consciousness. It may or may
not be directly influenced by the other processes going on
simultaneously. The concurrent operations are not conscious,
because consciousness is intrinsically single: one is aware
of a train of thought, but not of the details of several.

The main sequence usually has control of motor activity.

Cases where it does not (where behavior does not correspond to
consciousness) impress the observer as bizarre or patholog-
ical (p. 316).

Neisser seems to be saying that there is a main stream of processes
that function in consciousness, but that this main stream may be
influenced by multiple processing not occurring in consciousness.
Caution should, therefore, be applied in interpreting the flow charts

as other than models that help us understand what we believe to be the

main stream thought processing that leads to the solution of a problem.
The models are not meant to imply that the actual processes are either
linear or serial in the strictest sense.

Finally, a caution about generalizability needs to be given.
Mention has already been made of the fact that the study subjects and
the pilot subjects appear to have come from two somewhat different
populations. Five of the six children in the study are similar in that
they used neither Strategy I nor Strategy IV, the controlling variables
strategies. The two Pilot Subjects, on the other hand, are similar to
each other, but different from the six subjects in the actual study, as

they employed all six identified strategies. Even given that
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difference, however, it should be noted that strategies I, II, III, V,
and VI do appear in both populations.

Additionally, a reminder needs to be made that the subjects in
the study were chosen partially on the basis of a screening instrument,
the Particle Test. Only subjects who scored at least five out of nine
on this test were considered for the study. Those finally selected had
to meet two other criteria: (1) that the subject had been in the
school system and, consequently, in the S.C.I.S. program, for at least
three grade levels; and (2) that the subject be described by his or her
teacher as verbally fluent in his/her classroom explanations. When the
screening instrument was administered to the population of students
from which the study subjects were selected, 32.7% scored at least five
out of the possible nine. In a previous study (Dennison et al., 1976),
32.5% of the sixth grade students achieved a score of five or more on
the instrument. This data would suggest that some generalizability

beyond the immediate population could be made.

Conclusions About the Research Methodology

The stimulated recall technology proved to be an essential
ingredient in the discerning of differences between student's strat-
egies. Thg guidelines for analyzing the stimulated recall protocols,
appearing in Appendix F, are some indicator that this part of the
methodology was used conservatively. The stimulated recall protocols
were used primarily to validate or disconfirm evidence from the
activity protocol, although they did provide valuable additional

insight into the berformance of the students.
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It should be noted, too, that the process of transcribing and
analyzing both the activity and stimulated recalls is very tedious and
time-consuming. The objective of one's endeavor should clearly dictate
such procedures; they should not be pursued when other methodologies
might produce comparable quality results.

Finally, the point should be made that the modeling of both
performance and strategies is still in its infancy and can and should

be continually refined as additional studies of this kind are pursued.

Questions for Further Study

The following areas need additional study:

1. Studies of this kind need to address problems that require
students to find relations between variables that are more curriculum-
based; e.g., the study of how students determine how weight affects the
flight of a paper airplane in Science Curriculum Improvement Study
(S.C.I.S.).

2. As mentioned in the section on Educational Implications,
studies need to be conducted to determine if learning one taught
strategy for finding relations between variables influences one's
ability to learn another strategy at a later point; e.g., if being
taught the extreme value selection strategy at one point would affect
one's ability to learn to control variables at a later point.

3. Studies to determine whether there is any developmental
relationship to the number and/or type of strategies in one's reper-
toire need to be carried out. The patterns seen in Table 7 seem to

indicate there might be.
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The Method of Subject Selection

Three criteria:

1. that the subject had been in the school and, consequently,
in the S.C.I.S. program, for at least three grade levels;

2. that the subject score at least five out of nine on a
screening instrument, the Particle Test; and

3. that the subject be described by his teacher as being
verbally fluent.

A1l of the subjects listed below met the second criterion;
i.e., had scored at least five out of nine on the Particle Test. The
actual score is given in parentheses after the letter identifying the
subject. An X in the columns headed “Criterion 1" and "Criterion 3"
indicates that these criteria were met. If the subject did not meet
Criterion 1, the teacher was not queried as to whether they met
criterion 3. These subjects have blanks in the column for criterion 1
and question marks (?) in the column for criterion 3.

The column headed “Subjects Identified by Number Used in the
Study" indicates the subjects that were actually selected from those
that were considered potential subjects based on their Particle Test
Performance. The numbers are their subject identification numbers.



Subjects Identi-
fied by Number

in the
Study

Class;oom A

3
5

Classroom B
6
2
4

Table 10.

OO

rXG—ITOoO™TMmMm

NOVOVOo=2

Criterion Data on Potential Subjects

Subjects
That Met
Criterion 2

(7)
(7)
(7)
(9)

(5)
(6)
(5)
(6)
(6)
(5)
(6)
(8)

(5)

(5)
(5)
(6)
(5)
(5)
(7)
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Criterion 1 Criterion 3

>< >< X<

> > > > X

€ >< >< >< X<

>€< >€ >< X

- =~

> > X

Comments

out with
appendici-
tis

on vacation-
study time
schedule did
not permit
waiting for
subject's
return
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TASK PROTOCOL FOR DETERMINING
CORRELATIONAL RULES -
PARTICLE TEST

Introduction

Example 1

1.

2.

Present in triangular arrangement the three cy]inders,1

WHICH IS THE TALLEST CYLINDER ?
WHICH IS THE NEXT TALLEST CYLINDER ?
WHICH IS THE SHORTEST CYLINDER ?

NOW PICK UP EACH CYLINDER TO SEE HOW HEAVY IT IS.

WHICH IS THE HEAVIEST ?

WHICH IS THE NEXT HEAVIEST ?

WHICH IS THE LIGHTEST ?

WE CAN MAKE A RULE FOR THE HEIGHT AND WEIGHT OF THE CYLINDERS.
THE RULE IS “THE TALLER THE CYLINDER, THE HEAVIER IT IS."

DO YOU UNDERSTAND THE RULE ? (If not, state the order of the
objects on the two variables and repeat the rule.)

CAN YOU TELL ME THE RULE? (If not stated correctly, state the
rule and continue.)

l1he cylinders were cut from the same metal material at different

lengths, so that height and weight were directly proportional.
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Example 2
WE HAVE MADE A RULE FOR THE HEIGHT AND WEIGHT OF THE CYLINDERS. NOW
LET'S TRY TO FIND ANOTHER RULE.

1. Present in triangular arrangement the three bottles. !

2. SHAKE EACH BOTTLE TO SEE HOW THICK EACH LIQUID IS.
WHICH HAS THE THICKEST LIQUID ?
WHICH HAS THE NEXT THICKEST LIQUID ?
WHICH HAS THE THINNEST LIQUID ?

3. NOW TURN EACH BOTTLE UPSIDE DOWN TO SEE HOW FAST EACH MARBLE FALLS.
WHICH FALLS THE FASTEST ?
WHICH FALLS THE NEXT FASTEST ?
WHICH FALLS THE SLOWEST ?

4. WE CAN MAKE A RULE FOR THE THICKNESS OF THE LIQUID AND THE SPEED
OF THE MARBLE. THE RULE IS, “THE THICKER THE LIQUID, THE SLOWER
THE MARBLE FALLS."

DO YOU UNDERSTAND THE RULE? (If not, state the order of the
objects on the variables and then repeat the rule.)

WHAT IS THE RULE ? (If not stated correctly, repeat the rule and
continue.)

1One bottle contained water, the second a mixture of Karo syrup
and water, and the third pure Karo syrup. Each contained a marble.
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TEST QUESTIONS

WE MADE A RULE FOR THE HEIGHT AND WEIGHT OF THE CYLINDERS. WE MADE
ANOTHER RULE FOR THE THICKNESS OF THE LIQUID AND THE SPEED OF THE
MARBLE. SOMETIMES THERE ARE RULES LIKE THESE AND SOMETIMES THERE ARE
NO RULES.

NOW I AM GOING TO SHOW YOU SOME OTHER THINGS. I WOULD LIKE YOU TO SEE
IF YOU CAN FIND ANY RULES FOR THEM.

I AM GOING TO TAKE THE TIME WE SPEND ON EACH TASK, BUT YOU DO NOT NEED
TO HURRY. TAKE AS MUCH TIME AS YOU NEED TO GIVE ME YOUR ANSWER. YOU
MAY MOVE THE THINGS I GIVE YOU IF YOU LIKE.

REMEMBER THAT SOMETIMES THERE ARE RULES AND SOMETIMES THERE ARE NO
RULES. DO YOU UNDERSTAND WHAT YOU ARE TO DO?

For each item, present the particles in a random pile partially
overlapping. Make sure they are all right side up.

IS THERE A RULE FOR THE AND OF THESE PARTICLES?

Guidelines

If unclear whether or not S is finished and a statement is intended as
his answer, ask, "IS THAT YOUR ANSWER?" (Do not stop the watch unless
he says "yes.")

If the time reaches 60 seconds and no response has yet been given, stop
the watch and repeat the question. If no response is given in 5
seconds, record “no response." Record a time of 61 seconds.

If the child's statement is not understood, ask "WHAT DO YOU MEAN BY
?* Avoid open-ended probing.

If the child orders the objects, record the order of the objects on the
variable used to order.
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PROTOCOL FOR THE
ADMINISTRATION OF THE
PROBLEM: COLORED WATER
AND STIMULATED RECALL

(Name), this is not a test. We are interested in how you go
about trying to find a solution to a problem so we can design activ-
ivities to help other students your age do them.

Have you every been videotaped before and seen yourself on TV?
Mr. Dennison has been videotaping us and will let us see it now.

I have a science task for you to do. Mr. Dennison will be
videotaping what we do here today. We will get to see it later. Try
not to pay any attention to the camera, but rather focus on what I am
going to ask you to do.

Now, as you are thinking about or doing something with the
problem I give you, I want you to think aloud. You do this sometimes,
don't you, when you are solving a problem alone at home? Just say out
loud whatever comes into your head. Don't worry about us understand-
ing. You can explain later.

Take as much time as you need to give me your answer to the
problem. Tell me your answer whenever you think of one, but keep
working until you are very sure of your answer. Do you understand
these instructions?

I have this box over here. I have poured colored water in
these funnels--red here, blue here, and yellow here. You are to try to
figure out what might be inside the box that explains what you are
about to see. Watch carefully.

Over here we have more colored water and some tumblers.
Without using the box, you may do whatever you want to with the water
to try to figure out what might be inside the box that explains what we
Just saw happen. You may use that pencil and paper, too, if you want
to. Do you have any questions?

As you know, we have a video recording of your activity. We
are now going to watch that recording. As you were doing this activ-
ity, many thoughts probably passed through your mind. (Some of these
you may have written down or said out loud.) As we watch the tape, I
would like you to recall any thoughts or feelings that occurred to you
at that particular point during the activity. For example, you may
have remembered other things, either from your classroom or home. I
want to know about all these things. As we watch the tape, I want you
to tell me when to stop it whenever you recall anything that you
thought at that point in the activity, I want to know as much as I can
about what you were thinking while you were doing this activity. Do
You have any questions about this procedure?
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PROTOCOL FOR THE
ADMINISTRATION OF THE
PROBLEM: RODS
AND STIMULATED RECALL

I have another science task for you to do today. Mr. Dennison
will be videotaping what we do just like he did (day).

Now, as you are thinking about or doing something with the
problem [ give you, I want you to think aloud. Just say out loud
whatever comes into your head. DOon't worry about us understanding.
You can explain later.

Take as much time as you need to give me your answer to the
problem. Tell me a rule whenever you think of one, but keep working
until you are very sure of your rule. Do you understand these
instructions?

The first day I met with you we did the activity with the
plastic particles. Do you remember?

Let's review a couple of the rules we found that day. Do you
remember what they were? Can you tell me the rules?

This is a rod holder and these are rods. Notice that the rods
all have a notch on one end. The rod holder works like this: you slide
the rod in until it touches the backboard and won't slide any more,
make sure the notch is on top, and then screw it down. You can then
hang this weight on it. See how the rod bends?

I have given you this whole set of rods. You are to try to
find a rule for these rods. You may use as many of them as you want to
before you tell me your rule. You may also use pencil and paper, too,
if you want to. Remember to try to think out loud as you work. What I
am most interested in is how you are doing the activity.

As you know, we have a video recording of your activity. We
are now going to watch that recording. As you were doing this
activity, many thoughts probably passed through your mind. (Some of
these you may have written down or said out loud.) As we watch the
tape, I would like you to recall any thoughts or feelings that occurred
to you at that particular point during the activity. For example, you
may have remembered other things, either from your classroom or home.

I want to know about all these things. As we watch the tape, I want you
to tell me when to stop it whenever you recall anything that you
thought at that point in the activity. I want to know as much as I can
about what you were thinking while you were doing this activity. Do
you have any questions about this procedure?
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PROTOCOL FOR THE
ADMINISTRATION OF THE
PROBLEM: WHEELS
AND STIMULATED RECALL

I have another science task for you to do today. Mr. Dennison
will be videotaping what we do just like he did (day).

Now, as you are thinking about or doing something with the
problem I give you, I want you to think aloud. Just say out loud
whatever comes into your head. Don't worry about us understanding.
You can explain later. -

Take as much time as you need to give me your answer to the
problem. Tell me a rule whenever you think of one, but keep working
until you are very sure of your rule. Do you understand these
instructions?

Let's review a couple of the rules we have found. Do you
remember what they were? Can you tell me the rules?

In front of you is a piece of paper, some pairs of wheels, and
a container of chalk dust. Roll a pair of wheels around in the chalk
dust, put it down on the paper, and give it a push like this. See how
the pair of wheels rolls to make a circle?

I have given you this whole set of pairs of wheels. You are to
try to find a rule for these pairs of wheels. You may use as many of
them as you want to before you tell me the rule. You may also use
pencil and paper, if you want to. Remember to try to think out loud as
you work. What I am most interested in is how you are doing the
activity.

As you know, we have a video recording of your activity. We
are now going to watch that recording. As you were doing this
activity, many thoughts probably passed through your mind. (Some of
these you may have written down or said out loud.) As we watch the
tape, I would like you to recall any thoughts or feelings that occurred
to you at that particular point during the activity. For example, you
may have remembered other things, either from your classroom or home.

I want to know about all these things. As we watch the tape, I want
you to tell me when to stop it whenever you recall anything that you
thought at that point in the activity. I want to know as much as I can
about what you were thinking while you were doing this activity. Do
you have any questions about this procedure?
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PROTOCOL FOR THE
ADMINISTRATION OF THE
PROBLEM: WIRES
AND STIMULATED RECALL

I have another science task for you to do today. Mr. Dennison
will be videotaping what we do just like he did (day).

Now, as you are thinking about or doing something with the
problem I give you, I want you to think aloud. Just say out loud
whatever comes into your head. Don't worry about us understanding.
You can explain later.

Take as much time as you need to give me your answer to the
problem. Tell me a rule whenever you think of one, but keep working
until you are very sure of your rule. Do you understand these
instructions?

Let's review a couple of the rules we have found. Do you
remember what they were? Can you tell me the rules?

On the board in front of you is attached a light bulb, a meter,
and a power source. Over here you see boards with wires wrapped around
them. The boards can fit into this slit. Then you can attach the
wires like so. Each time I will turn the power source to 10. See how
the needle on the meter moves? )

I have given you this whole set of wires. You are to try to
find a rule for these wires. You may use as many of them as you want
to before you tell me the rule. You may also use pencil and paper, if
you want to. Remember to try to think out loud as you work. What I am
most interested in is ggz.you are doing the activity.

As you know, we have a video recording of your activity. We
are now going to watch that recording. As you were doing this
activity, many thoughts probably passed through your mind. (Some of
these you may have written down or said out loud.) As we watch the
tape, I would like you to recall any thoughts or feelings that occurred
to you at that particular point during the activity. For example, you
may have remembered other things, either from your classroom or home.

I want to know about all these things. As we watch the tape, I want
you to tell me when to stop it whenever you recall anything that you
thought at that point in the activity. I want to know as much as I can
about what you were thinking while you were doing this activity. Do
you have any questions about this procedure?
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USING THE OBSERVATION
RECORDS FOR
THE THREE PARALLEL PROBLEMS

The experimenter records on the observation record the sequence
of each element observed by placing an appropriate numeral (I, II, III,
etc.) in the appropriate cell of the observation record form.
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APPENDIX E

TYPICAL QUESTIONS ASKED OF
THE STUDENTS IN THE
STIMULATED RECALL
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Typical Questions Asked of the
Students in Stimulated Recall*

Did you have any ideas about what you were supposed to do
at that point?
Had you thought of a rule by this time?

The first one you picked was #4.
Was there any reason for your choosing #4?

Were you looking for something in particular?

Did you expect anything in particular to happen when you
tested #4?

Was there some reason you thought it would (do whatever
was predicted)?

*Encourage more complete answers when the child says only "yes."
not probe further where the child says "no.*
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AND ANALYZING PROTOCOLS
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Guidelines for Analyzing Protocols

For each problem, you are given the following materials:
1. A description of the problem

2. An activity protocol

3. A problem matrix

- #5, #8, etc. represent the labels (chosen randomly)
on the set of elements.

- The numbers in parentheses, ( ), are the values of the
dependent variable for that element.

- I, II, IlI, etc., are the moves to test elements that
the subject made.

4, A stimulated recall protocol
5. Definitions of processes used to model performance

6. An example analysis

Analyzing the Activity Protocol

1. Read through the entire activity protocol, referring to the
problem matrix, to get a feel for what the subject was doing
and what s/he saw. This overall sense of what is going on will
assist you in making inferences.

2. Inferences for the Activity Protocol will be referred to as Al's
and should be recorded to the far right of the sheet. An
inference should be labeled. AIl-17 means an inference made from
the activity protocol, page 1, beginning on 1ine 17. You may want
to make more than one inference for a single line in the protocol.
In t?;t case, employ a's, b's, etc.; for example, All-17a,
AIl-17b.
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Analyzing the Stimulated Recall Protocol

1. Using the activity protocol and the problem matrix, review the
stimulated recall protocol.

2. Inferences for the Stimulated Recall Protocol will be referred to
as SI's and should be recorded to the far right of the sheet. An
inference should be labeled. SI3-4 means an inference made from
the stimulated recall protocol, page 3, beginning on line 4.
Again, you may want to make more than one inference for a single
line in the protocol. In that case, employ a's, b's, etc; for
example, SI3-4a, SI3-4b.

3. Three kinds of inferences should appear in the Stimulated Recall
Analysis.

a) Inferences that support AI's or SI's that appear
earlier in the protocol. You should declare and label
" the inference, then indicate that it supports an AI or
SI. For example, S predicts value for bending of
rod; supports SIl1-11.

b) Inferences that disconfirm AI's or SI's that appear
earlier in the protocol. You should again declare and
label the inference, then indicate that it disconfirms
an Al or SI above. Identify the earlier inference by
its label.

c) Inferences that are based on new information in the
stimulated recall.

Specific Decision-Making Guidelines

1. Example: S takes #3, tests it.

Interpretation: S selects #3. If it is the
shortest or longest or thinnest or
whatever, this should be included,
such that the inference might look 1like:

AlIl-3a S selects thinnest and
shortest rod.

Interpretation: After S selects #3, s/he observes it.
An additional inference based on this
same piece of information in the activity
protocol might be:

AIl-3b S observes #3.
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Specific Decision-Making Guidelines (continued)

2.

Failure to select elements where the variables are controlled
consistently is taken as evidence that the subject was not inten-
tionally trying to control variables, unless of course, s/he
mentions an attempt to control variables.

When a subject gives a rule after doing his/her tests on the
elements, you assume the subject encoded information about the
variables mentioned in the rule while doing the tests. An
additional comment that can be made is that S reports rule.

If S predicts a value for the dependent variable, assume that the
prediction was hypothesis-generated.

Do not assume S has attempted to select an element with extreme
value on one or both variables unless the superlative terms (for
example, biggest, smallest, thinnest, etc.) are used by the
subject.

If S indicates s/he made a prediction about the value of the
dependent variable, and answers in the affirmative when asked, "Is
that what you expected?" you may infer that S judges prediction

to be correct. If s/he answers in the negative, you may infer

that S judges prediction to be incorrect.

S selects an element only if some justification for doing so is
indicated in the stimulated recall. Otherwise, S chooses or

chooses 1 elements.

It may be necessary to indicate in a single square box that sub-
ject MAXPIC's on one independent variable and MINPIC's on the
other independent variable (or some other combination) simulta-
neously, if S is, indeed, attending to both independent variables
at the same time.

Only indicate the retrieval of a rule if no observations have
been made.



APPENDIX G

DEFINITIONS OF THE PROCESSES
USED IN MODELING
THE PERFORMANCES
AND
STRATEGIES



127

DEFINITIONS OF PROCESSES

Smith et.al., 1972
Padilla, 1975

Finley, 1977

Newly defined process
for purposes of this
study

LEGEND: No Symbol
*

*%
+

PRIMARY PROCESSES RELATED TO LONG TERM MEMORY

Several processes involve gaining access to information avail-
able in the individual's long-term memory. The demands made on a
model of long-term memofy in defining the primary processes include
specification of the nature of the information stored, the kinds of
information which can be used to gain access to stored information,
and the major processing steps distinguished.

Frijda (1972) describes a model of long-term memory, some
version of which is utilized in nearly all information processing
theories and simulations. According to this view, information stored
is an associative network of items or nodes, each leading to any
number of other nodes--the associations of the first node. The stored
items or nodes are generally considered to be concepts or ideas
themselves rather than names used to refer to them or images exempli-
fying them. Although this is a somewhat vague position, the important
point seems to be that what is stored is not words or images, but
rather information from which words, images and actions are recon-
structed, as proposed by Neisser (1976). Thus, once activated or
accessed, a node makes immediately available a number of operational

options. Nodes are accessible by way of other nodes to which they are
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linked, by way of items or stimuli that in some sense resemble them
(i.e., that resemble some level of reconstruction), or through the

decoding of labels that refer to them.

DECODE

This is the primary process by which an associative network is
entered by way of verbal label for one of the constituent concepts.
The input for the process is the verbal label. Decoding of the label
results in the activation of a concept or node in the network. This
does not necessarily result in the reconstruction of images, actions,
or verbal entities. In effect, the DECODE process opens the way to
many possibilities, but it remains for the next step(s) to take
advantage of one or more of them. The possibility that the individual
is set to perform another step which then follows automatically from
the decoding need not concern us here. The point is that access to
thg storage network must be gained as a result of processing the
verbal label. This is the function of the DECODE process.

+ The use of DECODE in the present study acknowledges that
nonverbal communications, as well as verbal labels, may be input for
the activation of a concept or node in the network. Consequently,
access to the storage network may be gained as a result of processing

some nonverbal communication.
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RETRIEVE

Once a node in an associative network has been activated; e.g.,
by DECODE, access is gained to other nodes in that network. However,
some directing process insures that the appropriate node(s) is
activated next. This involves the RETRIEVE primary process. The
nature of this directing mechanism is not further elaborated here. At
present it seems sufficient to say that it is capable of directing the
RETRIEVE process to a connected node which is related to the original
node in a specific way. Thus, the input of RETRIEVE can be charac-
terized as one concept and its output as another. Just as was the
case with DECODE, RETRIEVE does not output any images, words or
actions although it does make such further steps an immediately
available option. RETRIEVE can usually avoid retrieving a recently
retrieved node through short-term recall of associated information.
This allows the process to recycle efficiently until appropriate

information is obtained.

*RETRIEVE 1

RETRIEVE 1 is a primary process similar to RETRIEVE in that it
is a directing process that insures that the appropriate node(s) is
activated. However, RETRIEVE 1 deals in part with short-term memory
as well as long-term memory. It involves the retrieval of values from
long-term memory and the retrieval of the salient characteristics of
the objects to which the values belong as well as the connection

between the values and the objects.
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INPUT STIMULUS ANALYZING PRIMARY PROCESSES

Several primary processes are defined which seek and analyze
input. Input is viéwed as containing an enormous amount of infor-
mation, only a portion of which is attended to or detected by the
individual on a given occasion. Analysis of the input is viewed as
taking place at different levels, each level involving its own unique
kind of processing. Preattentive processes have a large cap;city for
parallel activity. They construct perceptual “objects" in a figure-
ground differentiation sense. These processes are limited, however,
in the level of detail and precision they represént. Basically, they
signal when more detailed analysis of particular input by other
processes is warranted. The higher level processes which require
attention are linear. They construct detailed images and are more

selective.

SCAN

This is a primary process which represents a rather cursory,
largely visual, exploration of the stimulus field. It establishes a
figure-ground differentiation of objects and detects -a few salient
features which may enter short-term store. However, only partial
information is obtained, even in the visual modality. Detection of
certain salient and/or relevant features usually terminates the SCAN
process, or at least relegates it to a background role, and triggers
some attentive processing. Thus, the input to SCAN is undiffer-
entiated stimulus information while the output is one or more differ-
entiated perceptual objects. In most cases, many features which are

relevant from a formal point-of-view are not detected by SCAN.
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CHOOSE

This is a primary process which operates on a set of stimulus
objects previously differentiated; e.g., by SCAN. The output is one
object which then becdmes the focus of attention. The criteria for
this selection are not formal. Rather, such factors as visual
accessibility, proximity to the observer, and the relative saliency of
detected features are employed. From a formal point-of-view, the
process is essentially a random selection. One exception is that
CHOOSE can usually avoid selecting previously chosen objects by
utilizing feature information stored in short-term memory. This

information may well be otherwise irrelevant to the task at hand.

*CHOOSE 1

CHOOSE 1 is a primary process similar to CHOOSE in nature, but
differing from CHOOSE in that some criterion is used for the choice.
CHOOSE implies a certain randomness of choice, or at least a choice
based on such non-salient factors as proximity to the chooser or
visual accessibility. CHOOSE 1 implies a choice which is non-random,
which is based on some salient criterion. CHOOSE 1 might compare a
value for one element which is encoded and stored in short-term memory
to a series of perceived values of elements and choose the one element
from the series which best approximates the value of that one element.
In this case, CHOOSE 1 has provided an approximation of the value of

the original element.
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ACT

This is the process of acting on an object in such a manner as
to obtain a particular kind of input (e.g., color or temperature
information). This might involve orientation of the required organs,
exploratory movements such as visual scanning or tactile exploration,
and/or manipulation of objects such as hefting or squeezing. Perform-
ance of ACT requires a prior retrieval of the appropriate action from
long-term memory; i.e., activation of the observation action node in
an associative network. This activation makes available the informa-
tion from which a control program can be reconstructed. For present
purposes, no distinction will be made between the construction
process. It may eventually prove necessary or useful to break it down
further. The input for ACT includes the observation action concept
and the differentiated object on which the action is to be performed.
The output is the resulting input to the individual. Analysis of the

input is carried out by other processes.

SELECT

This is a primary process which sorts relevant information
from irrelevant. In particular, it filters out almost all information
except for that for the variable (or variables) judged relevant to the
task at hand. Thus, the input is undifferentiated input and the
variable concept. The output is information on the relevant variable
about the perceived object. Actually, the process is not simply a
next step following complete execution of ACT. Rather, along with ACT
it forms an active system with a feedback capability which allows

modification of the detailed functioning of ACT until the appropriate

input has been made available. This represents a monitoring function
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of SELECT. Such feedback mechanisms are probably involved in many
primary processes. The large number makes it cumbersome to make them
all explicit in the task routine. This aspect of the primary process

is probably important to keep in mind, however.

ENCODE

This primary process analyzes in detail information which has
been attended to; e.g., as a result of SELECT. The general nature of
the information has already been determined (note the nature of ACT
and SELECT) and it remains for ENCODE to make a determination about
this specific case. For example, ENCODE might be present to analyze
texture information. ACT and SELECT have made such information
available. ENCODE determines whether or not the texture information
is novel and, if not, categorizes it in some manner based on
previously experienced texture information. If the information is
novel, a new category is created. Thus, ENCODE involves long-term
memory. In terms of an associative network, the analysis of texture
information activates a node representing a texture value concept or
else forms a new node paralleling other texture value nodes. The
input for ENCODE is selected non-verbal sensory information. The
output is a value concept (the activation of a node). Undoubtedly,
some additional contextual information about the experience will enter

short-term memory. Some may also enter long-term memory.



134

OTHER PRIMARY PROCESSES

PAR

This primary process determines the comparability of two
encoded units of information; e.g., encodings'of texture information
for two objects. COMPARE essentially monitors the node or nodes
activated as a result of the encodings. If the same node is activated
on both occasions, a judgment of comparability is made. The output of
COMPARE can itself be viewed as the activation of a node in a network.
This network includes nodes corresponding to the concepts "same" and
"different" (and perhaps others). The activation of one of these
nodes makes immediately available certain operational alternatives
including verbal output. The particular alternative to be executed,
if any, is determined by some controlling mechanism which represents

the strategy being employed by the individual.

PLACE

This primary process involves a spatial placement of an
element to indicate its membership in a set. The criterion for
placement is unspecified in the process itself although it will
usually be retained in short-term memory from earlier steps. The
input to the set is an element currently attending to and an affirm-
ative result from the application of the criterion for set membership.
The output is the element in its new spatial location. A variety of
contextual information placed in short-term memory usually enables the

individual to recognize the subset previously set aside by PLACE.
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DISCARD

This primary process is closely related to PLACE since it
involves spatial placement of an element to indicate nonmembership in
a set defined by a criterion from a previous step. However, DISCARD
is not simply PLACE using the inverse criterion since DISCARD implies
that the element is of no further interest, at least temporarily.
Previously discarded elements can subsequently pe reconsidered for
further processing, however. DISCARD can be used to form more than
one discard set during the performance of a single task. Furthermore,
the permanency of the discard may differ between sets; e.g., one set
may be discarded for the time being while another is permanently

discarded.

ORDER

This is a primary process which attends to and assesses the
magnitudes of two differing encoded units of information. ORDER
sequentially evaluates the two magnitudes and then hierarchically
orders them from lesser to greater. This primary process then,
basically monitors the nodes activated as a result of the encodings.
The COMPARE secondary process usually precedes and determines whether
or not different nodes were activated during encoding. If this
results in a judgment of non-comparability, it is the function of
ORDER to evaluate the two nodes successively and to seriate them
appropriately. The output of ORDER can itself be viewed as an ordinal
concept; i.e., the activation of a node in a network. This network
includes nodes corresponding to the concepts of "more" and "less" (and

perhaps others). The activation of one of these nodes makes immedi-

ately available certain operational alternatives including verbal
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output and appropriate serial positioning of the elements. The
particular alternative to be executed, if any, is determined by some
controlling mechanism which represents the strategy being employed by

the individual.

REPORT

This is the process by which verbal responses are made. The
input is a concept. The output is a verbal label for the concept
embedded in an appropriate linguistic context (not necessarily a

complete or correct sentence).

DESIGNATE

This process assigns a specific role to an element or set of
elements for use in further processing. For example, one element may
be assigned the role of model for formation of a subset. Subsequent
processing steps treat the element in a manner appropriate to the
assigned role.

This process can be conceived as a temporary association of iden-
tifying features of the element with a cénceptual node representing
the specific role assigned. However, the role concept is not an
integral part of a conceptual network including the specific variable,
values, observation action, etc.. Rather, it is part of a network
associated with the strategy. The DESIGNATE process is somewhat
similar to the RETRIEVE process in that part of the input comes from
some directing mechanism or representation of the strategy, and not
from the previous processing steps. In this case, the perceptually
differentiated element is the output of preceding processing steps,

but the specific role to be assigned is not. The nature of the
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controlling mechanisms and the representation of the strategy in
memory have not been further elaborated.

In the context of the processing routine, the input is the
perceptually differentiated element, and the output is that element
assigned to the specified role. This description of the output is
vague, but the effect of this processing step is reflected only in the

way the element is employed in future steps.

+ DESIGNATE 1

This process is similar to DESIGNATE. It acts on an inde-
pendent variable or rule by assigning it the role represented by
another concept. The role concept, however, is not input to the
process, but is part of the strategy knowledge itself. For example,
a rule may be assigned the role of hypothesis for further testing
(DESIGNATE 1 rule as hypothesis). The rule would be input to the
process. That the rule would be assigned the role of hypothesis is
part of the knowledge structure of the strategy.

DESIGNATE 1 assigns an independent variable or rule to a role,

whereas DESIGNATE assigns an element to a role.

+ PREDICT VALUE

The input for this process is a correlational rule and an
independent variable value. The process outputs a value for the
dependent variable corresponding to the input value of the independent
variable. For example, the thickest rod has been chosen or selected.

This rod has a thickness value of "thickest." That value, along with
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the rule, “the thicker the rod, the less it will bend" is the input
for the PREDICT VALUE process. The process outputs some expected

value for how much the rod will bend; i.e., "very little" or "the

least."

+ JUDGE PREDICTION

This process usually follows the processes PREDICT VALUE
(primary) and OBSERVE (secondary). It inputs the expected value for
the dependent variable of an element and the obtained value of that
dependent variable for that element. It compares these values and

outputs a decision as to whether the prediction was correct or not.

+ JUDGE HYPOTHESIS

This process inputs the hypothesis (correlational rule) and

the activated node, "correct" predictions or "not correct" predic-
tions. It outputs an activated node, “correct" hypothesis or "not
correct" hypothesis, depending on whether predictions are correct as

they relate to the hypothesis.

+ FORM RULE

The input for this process is a value for an independent
variable and a value fof a dependent variable. The process outputs a
rule relating the independent variable to the dependent variable. For
example, a subject may OBSERVE 1 a pair of wheels. S/he encodes that
the “bigger wheel* is small and that the size circle the pair of
wheels makes is small. The output of the FORM RULE process, in this
Case, would be a rule: The smaller the “bigger wheel", the smaller

the circle.
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COMPARISON (variable concept, Element A, Element B — comparative
concept)

This is a secondary process which takes as input a variable
concept (i.e., the node activated by decoding of variable name or an
appropriate retrieval process) and an ordered pair of elements. It
compares the elements on the given variable and outputs a comparative
concept applicable to the ordered pair of elements. Thus, the COM-
PARISON process does not produce a verbal report although it makes
such a report immediately possible. Alternative steps might be
carried out next instead. The identities of the elements and the
comparison variable are maintained. FiQure 21 indicates a parallel
execution of processing steps. This indicates the desirability of
near simultaneous observation of the two elements. "Parallel
processing" in the technical psychological sense is not implied.
Furthermore, feedback from the selecting and encoding steps to the ACT
step undoubtedly occurs creating an active subsystem. Such feedback
systems are very common, but to avoid excessive complexity, are not
always diagrammed.

+ OBSERVE (element, observation/measurement procedure, value for
ndependent variable —» value concept for dependent
variable)

OBSERVE is a secondary process that takes as input a selected
element and an observation/measurement procedure. It acts on the
element, selects relevant information regarding the dependent
variable, and encodes that data; i.e., the output is a value concept

for the dependent variable (the activation of a node). See Figure 22.
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COMPAR-
ISON

RETRIEVE
observation
action

ACT ACT

on Element " on Element
A B

SELECT SELECT
Element A Element B
feature feature
ENCODE ENCODE
Element A Element B
feature feature

COMPARE
Element A

return

and Element

Figure 21. The COMPARISON secondary process. Input: A
variable concept, Element A, and Element B. Output: A comparative
concept relating Element A, and Element B on the input variable.
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OBSERVE

ACT SELECT
on element value of depen-
dent variable

L

ENCODE
value of depen-
dent variable

L

return

Figure 22. The OBSERVE secondary process. Input: element,
observation/measurement procedure, value of independent variable.
OQutput: value concept for dependent variable (activation of a node).
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OBSERVE 1 (element, observation/measurement procedure—— value
concepts for independent variable(s) and dependent

variable)

OBSERVE 1 is similar to the secondary process OBSERVE. It
differs in that the value of the independent variable(s) has not yet
been encoded. The output then is a value concept for both the
independent variable(s) and the dependent variable (the activation of

nodes). See Figure 23.

SERIATION (variable concept, Element A, Element B—ordinal concept)

This tertiary process (see Figure 24) uses as input a variable
concept and a pair of elements. It initially processes the elements
utilizing the COMPARISON process. If the elements are of the "same"
magnitude on the variable observed, SERIATION outputs a comparative
concept applicable to the elements. If the elements are not of the
same magnitudes, SERIATION assesses the relative magnitudes of the
elements using the ORDER process. This process outputs an ordinal
concept, "greater than" of “less than." The identities of the
elements must be maintained and coordinated with the ordinal concept.
The SERIATION process does not produce a verbal report although it
makes such a report immediately possible. Motor manipulation and
sequential ordering of the elements themselves are also possible. The
identity of the seriation variable is maintained.
*MAXPIC (set of elements, variable concept—— element displaying

the maximum values for the chosen variable)

MAXPIC is a tertiary process which acts upon a set of elements
and chooses the element displaying the maximum value on some

designated variable. It is the basic subroutine in the extreme value
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OBSERVET

SELECT
[ value of depen-
dent variable

)

ENCODE
value of depen-
dent variable

|

return

ACT
on element

Figure 23. The OBSERVE1 secondary process. Input: element,
observation/measurement procedure. Output: value concepts for
independent and dependent variables (activatidn of nodesg
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SERIA-
TION
perform
COMPARISON
on Element
A and
Element B
ORDER
Element A NO
and Element
B features
return

Figure 24. The SERIATION tertiary process. Input: A variable
concept, Element A, and Element B. Output: An ordinal concept relating
Element A, and Element B on the input variable.
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selection strategy, and it involves the repeated comparison of each
element in a set to the maximum element found so far. Input require-
ments are a set of elements differing on the named variable and the
variable concept. The element displaying the maximum values for the
chosen variable is the output. See Figure 25. .

+ MAXPIC, in this study, is used to indicate that some similar
series of processes results in the subject's finding an element that
has a maximum value on the selected independent variable.

INDEPENDENT VARIABLE IDENTIFICATION (set of elements — difference
variable name)

This is a tertiary process which takes as input a set of
elements, usually previously differentiated perceptually by the
primary process SCAN. It retrieves a variable name, compares the set
of elements to see if any pair differs on this variable, and if the
pair does differ on the variable, outputs that variable name as an
independent variable.

(NOTE: This tertiary process, INDEPENDENT VARIABLE IDENTIFI-
CATION, is more like the directed comparison task previously defined
by Smith et al.* than the difference variable identification task
defined by Smith et al.* In the difference variable identification
task, all elements are unique on the difference variable. This is not
the case with the set of elements inputed for the INDEPENDENT VARIABLE
IDENTIFICATION tertiary process. There are five different values for
the difference variable, but more than one element may have the same

value on that variable.) See Figure 26.
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CHOOSE DESIGNATE
MAXPIC an unused element as
element maximum so far

CHOOSE IG ,

an unused

element e
Perform
SERIATION
on element]
e and max
DISCARD

max
DISCARD DESIGNATE
element e element e as
- maximum so far
SCAN —
elements
ny
return unused YES
elements
Figure 25. The MAXPIC tertiary process. Input: set of

elements, variable concept. 0
value on the variable concept.

utput: element displaying the maximum
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INDEPENDENT
VARIABLE

IDENTIFI-
CATION

RETRIEVE

an unused CHOOSE

variable an unused
element

DESIGNATE
element as a
model
perform Ip
COMPARISON CHOOSE
on element
and model an unused
element
returnl, NO ~ﬂr—*
(7]
[9W]
17, D=
-

PLACE any
elements in }——} SCAN unused
subset for elements lement

‘ ?
NO

Figure 26. The INDEPENDENT VARIABLE IDENTIFICATION tertiary

process. Input: set of elements. OQutput: activation o
corresponding to the difference variable name.

f a node




148

+ MINPIC (set of elements, variable concept ——> element displaying
the minimum values for the chosen variable)

MINPIC is the same as the tertiary process, MAXPIC, except
that it chooses the element displaying the minimum value on some
designated variable, in this case, the selected independent variable,
instead of the maximum variable. See Figure 27.

+ GT ELEMENT SELECTION (set of elements, variable concept —> element

displaying a greater value on the variable concept than
element(s) already used)

GT ELEMENT SELECTION is a tertiary process which acts upon a
set of elements and chooses an element displaying a greater value on
the variable concept than elements already used. It involves the
repeated comparison of elements to an element designated model until
an element having a greater value on the variable concept is found.
Input requirements are a set of elements differing on the named
variable and the variable concept. The element displaying a greater
value ;n the variable concept is the output. See Figure 28.

GT ELEMENT SELECTION is similar to MAXPIC, differing only in
that the GT ELEMENT SELECTION returns to the routine when an element
with a greater value on the variable concept is found, while MAXPIC
returns to the routine only when the element with the greatest value
is found.

+ LT ELEMENT SELECTION (set of elements, variable concept—> element

displaying a lesser value on the variable concept than
element(s) already used)

LT ELEMENT SELECTION is the same as the tertiary process, GT
ELEMENT SELECTION, except that it chooses an element displaying a
lesser value on some designated variable, in this case, the selected

independent variable, instead of a greater value. See Figure 29.
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CHOOSE DESIGNATE
MINPIC an unused *e]ement as
element minimum so far
CHOOSE
an unused k‘*
element e
X -
Perform
SERIATION
on element
e and min
DISCARD
min
. l
=
DESIGNATE
OS|| Ciement'e
- as minimum
l so far
SCAN
elements
return
Figure 27. The MINPIC tertiary process. Input: set of elements,

variable concept.
variable concept.

Output: element displaying the minimum value on the
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GT
CHOOSE DESIGNATE
SEtEEETgN an element element e
e already used as model

.

CHOOSE
element m
from unused

elements

L

Perform
SERIATION
on element
e and ele-
ment m

YES DISCARD

element e
DISCARD DESIGNATE
element m mas > e
SCAN
elements

YES

return

Figure 28. The GT ELEMENT SELECTION tertiary process. Input:
set of elements, variable concept. Output: element displaying a
greater value on the variable concept than element(s) already used.
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LT
ELEMENT
SELECTION CHOOSE ;1 DESIGNATE

an element e element e
already used as model

L

CHOOSE
41 elemént m

from unused
elements

i

Perform
SERIATION
| on element

e and ele-
ment m

DISCARD
element e

T

DISCARD DESIGNATE
element m mas<e

I

YES

SCAN
elements

return

Figure 29. The LT ELEMENT SELECTION tertiary process. Input:
set of elements, variable concept. Output: element displaying a lesser
value on the variable concept than element(s) already used.
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+ SE ELEMENT SELECTION (set of elements, variable concept—>element
displaying a value on the variable concept the same as or
equal to element(s) already used)

SE ELEMENT SELECTION is the same as the tertiary process, GT
ELEMENT SELECTION, except that it chooses an-element displaying the
same or equal value on some designated variable, in this case, the
selected independent variable, instead of a greater value. See
Figure 30.
+ GT ELEMENT SELECTION WITH CONTROLLED VARIABLE (set of elements,
two variable concepts — element displaying the same value

on one variable concept and a greater value on the other
‘variable concept than element already used)

GT ELEMENT SELECTION WITH CONTROLLED VARIABLE is a tertiary
process which acts upon a set of elements and chooses an element
displaying the same value on one variable concept and a greater value
on the other variable concept than an element already used. It
involves, first of all a repeated comparison of elements to an element
designated model until elements are found having the same value on the
designated independent variable. Then, this tertiary process uses a
second repeated comparison of these matched elements until an element
having a greater value on the second variable concept is found. The
element displaying a greater value on this second variable concept is

the output. See Figure 3l.
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SE
ELEMENT
SELECTION
CHOOSE v-—-Ji DESIGNATE
an element ¢ element e
already used as model
CHOOSE
element m
from unused
elements
Perform
SERIATION
on element
| e and ele-
ment m
DISCARD
element
e
S L
DISCARD DESTGNATE
element m -_
SCAN
elements
Any
YES unused NO | return

L1 W
?
Figure 30. The SE ELEMENT SELECTION tertiary process. Input:

set of elements, variable concept. OQutput: element displaying a
value on the variable concept the same as or equal to element(s)
already used.
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GT
ELEMENT
SELECTION CHOOSE L—i DESIGNATE
WITH an element e element e
CONTROLLED already used as model
VARIABLE
[T DEST IG'N'A’IF—H '
independent
variable
to be held
Perform l P;X,‘;gn'“
35R2?1;2=t e LF— CHOOSE on element e
= element m and unused eTe-
and element m £ T
(uncontrolled rom matched ments
variable) elements | (controlled
variable)
YES DISCARD
element e
DISCARD DESIGNATE
element m mas > e
. ,_L_
SCAN ‘
elements
return
o ]

Figure 31. The GT ELEMENT SELECTION WITH CONTROLLED VARIABLE
tertiary process. Input: set of elements, two variable concepts.
Output: element displaying the same value on one variable concept and
a greater value on the other variable concept than element already used.
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+ LT ELEMENT SELECTION WITH CONTROLLED VARIABLE (set of elements,
two variabTe concepts — eTement dispTaying the same value
on one variable concept and a lesser value on the other
variable concept than element already used)

LT ELEMENT SELECTION WITH CONTROLLED VARIABLE is the same as
the tertiary process, GT ELEMENT SELECTION WITH CONTROLLED VARIABLE,
except that it chooses an element displaying the same value on one
variable concept and a lesser value, instead of a greater value, on

the other variable concept. See Figure 32.



156

LT
ELEMENT
SELECTION CHOOSE DESIGNATE
WITH _* an element e 4 element e
CONTROLLED already used as model
VARIABLE
independent
variable
to be held
Perform
Perform
SERIATION CHOOSE TATCH
on element e k. on element e
and element m element m | and unused
(uncontrolled from matched elements
variable) elements (controlled
' variable)
DISCARD
element e
DISCARD DESIGNATE
element m mas< e
SCAN
elements
return
NO.

Figure 32. The LT ELEMENT SELECTION WITH CONTROLLED VARIABLE
tertiary process. Input: set of elements, two variable concepts.
Output: element displaying the same value on one variable concept and
a lesser value on the other variable concept than element already used.



