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CHAPTER I

INTRODUCTION

There has been a good deal of discussion among educators
.concerning the individualization of instruction. This individualization
may be accomplished by a variety of methods. "Permitting students some
choice in determining the skills they will learn, developing alternative
instructional sequences for teaching skills and establishing
organizational procedures that permit students to progress at
different rates, are examples of how such programs yield truly
individualized educational environments" {Ferguson, 1971, p.1).
Suppes {194"%, p.B2) expressed firm suppcrt for such moves when he
stated that "the greatest improvement in subject-matter learning will
result from an almost single minded concentration on individual
differences.,” The different methods of individualization could be
based on various i1nlividual differences such as subject's interest,
rate of prugress, abilities, or content tackeground, Glaser (1970, p.i?)
summarizes a discussion of irdividual differences in the following
manner:
Individual differences arc a basic clement in any theory of
instruction that underlies educational practice., Deep
understanding is required of the manner in which the existing
paerformance capabilities of our students, whatever the orizin
of these carabilities, interact with the conditlons provided
for learning. ...50 ihat the optimal educational condiilons

can be provided to learners.

Gallagher (1570, p.07) expresses similar feelings in his statement
i



2.
that "if we are ever to completely individualize our educational
system, therc exists a strong need te devote more research activity
in determining the interaction between conditions of instruection
and the characteristics of the learner.,”

These characteristics or individual differences appear to
manifest themselves in several different ways and in various forns
of learning. Two of the major kinds of learning proposed by
Gagne (1965) are “concept-formation"” and “problem-solving".

Voelker (1969, p.7) relates concept-formation to the learning of
sclence in the following mannert "The processes of concept formation
are analogous to the processes of scientific inquiry and discovery.”
These processes nay be cognitive procedures which are related to
those used in solving problems. Bloom and Broder (1950, p.3)
stated that it might be possible to "infer the nature of the thought
processes used by individuals in solving problems from the nature
of the answers or selections made by the individual.” Bloom ami
Broder (1950, p.303) also wrotet

Ve are convinced, however, that a study of mroblem-solvinz

processes is basic to an understanding of individual

differences-~their measuvrement and control. ‘he development

of more refinzd technioues of zetlting evidence on the

processes of thinking, ihe creatlion of a symbolic systiem

for representing the processes, and the discovery of a set

of criteria to insure adeguacy of sampling of problems are

necessary tools which must be perfected before research in

this field can be greatly improved or stabilized.

Within a2 few years of this report, Bruner, Goodnow, and
Austin (1956) wrote about the development of some techniques and

symbolic systems for representing the Llhought processes of

individuals, These thought vrocesses were inferred from a study of



the'respopse patterns used by subjects in solving problems
involving concept-attainment, Bourne (1965, p.46) considers
"the subject's individual overt responses to be related systematically
to and indicative of his strategy or plan of attack on thé problem”.
Bruner, Goodnow, and Austin (1956) also define strategy in terms of
conscions decisions on the part of the individual expressed as a
“pattern of decisions,” ﬁestle (1962) defines strategy as the pattern
of responses by an individual, Since the responses of the individual
rather than the rationale for the declslon were the only basis for
observations in this study, the sequence and type of selections
were identified as the pattern for the individual, There seem to
be distinct patterns in evidence in several studles (Bruner, Goodnow,
and Austin, 1956) and these seem to be consistent from task to task
for individuals. Bourne (1965, p.U46) suggested that "the use of
detalled analyses of responses sequences in an effort o get at
the more precise characteristics of performance" is an experimental
technique worth-investigating further.

The scquences used by individuals in selecting information
during the solving of a problem and patterns in these selections

were investipated.,

Statement of the Froblem
This study was designed to identify the relations of patterns
for the selections made by individuals during the atiainment of a

concept to individual characteristics.

1) Are identifiable patterns present in selection sequences

during the atiaining of concepts?
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2) Are patterns related to individual characteristies?

3) Are patierns related to other performance measures?
In addition this study was designed to determine the effectis of
changes 1in the tasks upon thé patterns used, |

L) Does the nature of the task change tne pattérns?
In order to determine if individual patterns exist for the situatiion
under study, it is necessary to measure whether individuals use the
same patterns from one task to the next and whether different patterns

are evident for different individuals.

The Tasks
The tasks developed were similar to Experiment 33 in the

Chemical Education Material Study Labvoratory Manual (Malm, 1963, p.86).
The task involved the simulation of an aralysis problem in which the
student was asked to identify the chemical tests which might be used

to deternine the presence of a substance., The student requested the

| results of one of three tests(attributes) on one of four liquids
(instances), Two of the four liquids were given as éontainlng an
unknown substance or contamination, The order and type of request
made by the subject during the obtaining of information for the problem

were consldered as the pattern of selections.,

Selection of Variables
In studying the strategies of indlviduals and their

performance on tasks of concert-attainment , several variables have

been reported. An extensive outline of these has been given by
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Klausmeier et. al. (1965}, Bourne (1965) identifies two categories
of varlables which were used in this study: dlfferences in
organismic characteristics and task characteristics, Organismic
characteristics will be further subdivided into individual
characteristics, those dealing with the background of the individual,
and performance characteristics, those dealing with the performance

of the individuval on the task.,

Task Characteristies

One aspect of studies on tasks of concept-learning which
has precduced ambiguous results is the effect of instructions,

Several studies indicate that different instructions as to what is
expected of the subject during the task do not produce significant
differences in performance tasks of concept-learning (Archer, 1955,
Denney, 1960, and Pyle, 1970), These studies, however, were made wlth
concepts which normally would not be taught to the students in an
instructional setting,

The effect of variations in the presentation of the stimuli
during the task has been a major subject of study in concept-learning.
A study of random versus nrdered display of instances in a task in
concept-attainment conducted by Laughlin (1964, 1965) showed no
slgnificant differerces between these two metheds, However, Bruner
and others (1956) indicated a significant difference with individuvals
having less difficulty in attaining the concept from an ordered display
than from a random display. Shephard and others (1961) found that
subjects had.less difficulty in attaining concents if the atiributes

of the instances were disrlayed in a compact manner rather than
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distributed across .the display.
The difficulty of a task of attribute-identification has
been related to the amount of information given in a task in which the
number of relevant attribute is given is easier than a task in which
the number of relevant atiributes is not given (Kendler, 1961, and

Glazer, 1963).

Individual Characteristics

Several investigatlions have been conducted on the relationship
of sex of subject to performance on tasks of concept-learning. The
investigators indicated no differences between males and females in
conceptual behavior (Klausmeier et. al., 1965, Fredrick, 1965, and
Tagatz, 1967).

Klausmeler and others (1965) also investigated the relationship
of major field of study of college students to the efficlency of learning
concepts. Conflicting results were obtained in two experiments, one
of which indicated no significant differences, while the other indicated
that Home Economics, Speech and Foreign language majors were most
efficient with Agriculture, English and Physical Education (men) the
least efficient, |

In a series of studies, Osler wlth others have explored
the relationship of intelligence to the learning of concepts (Qsler
and Fivel, 1961, Osler and Trautman, 1961, and Osler and Weiss, 1962).,

A higher intelligence appeared to produce more rapid learning of
contepts with general instructions but no significant differences with

specific instructions., Rooze (1969) found a significantly greater



e
efficlency in tasks of concept-attainment in subjects with higher
intelligence than those with lower intelligence as measured by 1Q
tests,

Performance Characteristics

The sequences used by subjects in tasks involving
concept-attainment was the subject investigations by Brurer, Goodnow,
and Austin (1956). Their studies indicated that individuals were
markedly consistent from one task of concept-attalinment to another
similar task, Eifermann (1965) also observed that most subjects
were consistent in thelr patierns after the first task,

Eifermann (1965) uses the terms comﬁonent-centered and concept-centered
to identify the patterns. Bruner and others (1956) used the terms
focussing and scannling te identify similar tyre patterns, Focussing
was defined as the use of a positive instance as a focus followed Ly
testing of the attributes of this instance. Secanninz vas defined as
the testing of hyvothesis or concepts,

In these studies, the choice of an instance persitted the
subject to view all of the attributes of that instance. The subject
could select different attributes by going from instance to instance.
In the present study, the subjeet was required to select both irdividual
instances and attributes which he wished to view, The subject was told
which Inslances were positive. It would seem that a subject who
folloiied.a "focussing stralegy" would select a pattern of only
positive instance, Wetherich (194%4) identifies the selection in a
problem in forming a concent of only positive instances from the

field of instuances 2s an “analytic" strategy. ‘The selection of



of positive and negative instances from the entire field he calls
"global", Wetherick relates these itwo strategles to focussing and
scanning respectively. The terms analytic and global are related to
the psychologlcal terms "field independent" and “field dependent”,
Witkin and others (1942) identify these terms as representative of
two “cognitive styles”, Cognitive styles are the "characteristic
self-consistent ways of functlioning by the .person in the cognitive
sphere" (Witkin, 1962, p.72). Witkin (1964, p.35) describes the
"field dependent-independent" style in terms of personal experience,
The person with a more field indevendent way of perceliving
tends to experience his surroundings analytically with objects
experienced as discrete from their backerounds, The person
with a more field devendent way of perceivinz tends to
experience hils surroundings as a relatively global fashien
rasslvely conforming to the influence of the prevailing
field or context.
Witkin (1962) relates the field independent-dependent cognitive style
to perception, When this style is applied to problem-solving or
concent-formation, Witkin indicates that the use of different but
closely related terms are required. He chose analytic and global
which later were used by Wetherick as indicated, The choice of
these two terms for the present study is made since the analytic
solver may select attributes from only the positive instances
independent of the fleld of instances, l.e. without viewinz any
attributes of the negative instances, The global solver would view
negative instances even though these instances provide no relevant
informatioﬁ. In the tasks as designed, only positive instances were

required to delermine the correct answer, and thus focussing would

seem to be the most efficient strategy. In the present tasks, subjects
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who were analytic might select the values of all attiributes of one
positive instance, or they might select the values of one attribute
on the two positive instances. These might be assumed to be two
different patterns and were identified as "instance-centered
analytic" and "attribute-centered analytic" respectively, Subjectswho
were global might be considered as those subjects who viewed all
instances, including negative as well as positive instances. As with
the analytic subject, global subjects might choose to make selections
along one instance or along one attribute, thus two terms were used
for these patterns, "instance-centered global" and"attribute-centered
global",

In order to differentiate beitween patterns of analytlc and
global, the percentage of the selections made which were from
positive instances were used,

There have been many studies concerning the effect of
positive and negative instances on the attainment of concepts.
Bruner and others (1956) used the selection of positive instances
as a criterion for assignment to the category of focussing, Other
studies have indicated results which might be described as task devendent
since varying results were obtained with varying tasks (Yudin and
Kates, 1967; Kates and Yudin, 1968; Hovland and Weiss, 1957; Glanzer,
Huttenlocher and Clark, 19633 and Klausmeier et. al., 1S964),

The amount of information obtained by the subject prior to
proposing a hypothesis has been included in pattern descriptions by _

Eifermann (1965) and Klaousmeier and others (1964), The term "guess" was

used by Bifermann and “surficlency” by Klausmeier, The term
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sufficiency was used in this study to indicate that the subject had
obtained enough infermation to make the correct response since even
after sufficient information was obtained the subject may still
have heen guessing at the response, The number of selectlons
which were made by the subjecu also ray have been indicatlive of
the thought processes of an individual and were studied, The time
which the subject took between making selections and to decide
enough information had been obtained also may be related to the
processes used by the subject. The median time to make a correct
selection for each task and the mean time for all selections nnd the
indication that enourh information had been obtained are the measures

used,

Experimental Techniques

In most of the studies cited, the technique involved the
presentation of an array or sequence of cards or diagrams_to
individual subjects. An experimenter or observer was required to
carofully observe and record the cholces made by the subject, This
involves a good deal of time and concentration on the part of the
experimenter,

Problems may arise when variations in task presentation
occur due to different experirmenters or differences in an experimentexr's
presentation., The computer on-line terminal provides excellent
capabilities in collecting, recording, and storing response sequences
of a large number of subjects, thereby reducling human recording

and transcribing errors (Whittington, 1971; and Johnson, 1672).
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Another afivantage of computer useage is that "Computer management
of procedure provides greater standardization of research"
(Whittington, 1971, p.2). This greater standardization should reduce
the error variance allowing better measurement of effects on the
dependent variable (Johnson, 1967). However, Johnson.(1972)
indicates that a computer administered task involves greater varlance
in subject performance than does a human experimenter administered task,
Nevertheless, "it is a simple matter for a computer to simultaneously
collect data or latency of response, type of response, amplitude cf
response, physliologiecal variables, ete.,, all with a high degree of
aceuracy and for more than one subject" (Ragsdale. 1946, p.B).
Vhen writing of the computer, Suppes (1968, p.92) states: "The
difficulty of collecting an adequate amount of behavioral data on
subject-matter learning is so great and the problem is so complex,
that it is difficult to conceive of doing an adequate job with
simpler apparatus."”

The computer also should provide greater capabilities ih

using various materials in tasks invelving the attainment of concepts.
Most research on concept-learning has been done with simple ccncents
which are not similar to those which the subjects would encounter
normally in their learning situations, Stazts indicates that these
"eonirived" concepts, such as "three green triangles on a background
of red" or "two blue circles with two borders around them", are not
sufficient to provide necessary data on the learning of concepts
and what is needed is the development of “"methods of rescarch and

a research rationale that Tegin to deal experiwmentally with samples
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of actual cognitive developnent” (Staats, 1970, p.383).
Johnson (1972) designed a task which would be challenging to the
subjects, college students, in hils experiment which involved the
use of an on-line computer terminal. The tasks presented in the
present study were very simlilar to a laboratory problem used in
the Chemical Education Material Study curriculum materials
(Malm, 1963, p.86)., They also were meant to convey some realistic
situations which might be applicable in solving a similar "real"
problem. Several uses of the computer in presenting realistic
laboratory simulations were described by Showalter (1970),

Thus the computer provides unique capabllities 1in reseach
studies of actual cognitive development and provides '"the technological
capability for accomplishing a high degree of individualization in
instruction" (Stolurow, 1968, p.116). Stolurow continues, “The
problem now is to find the critical psychological and educational
data which would make such a technological capabllity an effective
means of instruction" (Stolurow, 1968, p.116). The study of subject
patterns in tasks 1n attaining concepls, the relationship of these to
individual characteristics, and the effects of task variations might

provide such data.

Definition of Terms
Analytic--"tendency to experience items as discrete from an organized
context" (Witkin, 1944, p.180). The choice of only positive
instances with no negative 1lnstances,

Attribute~~Discernible characteristic of an object, event, or idea
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that dis?inguishes it from other objects, events or ldeas.

Attribute-centered~-~A pattern of selections in which the subject
selects the values of one attribute for the instances considered
and then selects the values of another attribute for the instances
consldered,

Attribute-identification-~A conceptual probvlem in which the rule is
known and the relevant attributes are to be identified.

Concept-~"A concept exists whenever two or more distinguishable objects
or events have been grouped or classified together and set apart
from other objects on the basls of some common feature or property
characteristics of each." (Bourne, 1966, p.3)

Concept-attainment--The process involved in using discriminable
attributes of objects and events as a basis of anticlpating their
significant identity (Brumer, et, al., 1956; p.21),

Conceptual Rule--Statement which specifies how the relevant attributes
are combined for use 1n classifying an instance,

Conceptual Rule--Statement which specifies how the relevant attributes
are combined for use in classifying an instance,

Conjunctive Rule-~-The joint presence of the appropriate value of

several attributes {(Bruner et. al., 1956, p.41).

Focussing--The use of a positive instance as an initial point followed
by selectlons to test the relevance of attributes,

Global--"A tendency to experience items as fused with context."
(Witkin, 1964, p.180) The choice of instance from both positive
and negailve flelds,

Instance~-An object, event or idea-which is presented as either being
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classifi?d in the concept, a positive instance, or as not
being in the concept, a negative instance.

Instance-centered«-A pattern of selections in which the subject selects
the attributes of one instance and then selects the attributes of
another instance.

Irrelevant attributes-~A characteristic of an instance which is not used
in the classification of the instance to a concept,

(Present study)--Those attributes which do not have the same value
for both positive instances.

Positive 1nstance~-Thosé stimull which 1llustrate or exemplify the

concept,

(Present study)--Those liquids which contain the unknown substance,
Relevant attribute-~A characteristic of an instance used to classify the
1nstgnce aé a member of the concep%{
Scanning--The total hypothesis or concept is considered in making

salections.

Strategy--The process which the subject uses to obtain information in

attaining a concept.

Pattorn--The arrangement or sequences and type of selections made in

attaining a concept,

Hypotheses

Methods to identify patterns present in the process by which
individuals gather information while attaining concepts were studied.
How certaln changes in the tasks given to the subject affect these
patterns also was examined in several ways. IThe sequence and type of

selections made were ccnsidered the major componenis of these patterns.
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Other performance measures related to these patterns also were taken

as indicative of the processes used.

1) There are no significant differences between patterns of selectlons
used by different individuals on similar tasks in the attaining of
concepts,

2) There are no significant differences between the patterns used by
an individual subject on simllar tasks in the attaining of concepts,

3) There is no relationship between the patterns used by individuals
and their sex, intelligence and major field of atudy.

4) There are no significant differences in patterns used by subjects
when the characteristics of the tasks are changed with regard to
organiration of informatlon in the instructions, organization of
information in the tasks, difficulty of tasks and symbols used in
the task,

5) There are no relationships between the selection chafacteristiqs
(nedian selection time, nunmber of selections, inltial instnce),
response characteristics (nean response time, sufficiency of
information, correctness of response), and the patterns of
selectlon (perccntage of positive instances and sequences of

selections).

Assumptions
1) Suitable programs can be developed which will be sensitive enough
to differentiate patterns which different individuals use in
completing tasks involving the attainment of concepts.
2) These programs can be adminlstered by means of a IBM 2741 teletype

computer terminal,



3)

4)

5)

1)

2)

1)
2)
3)

)
5)

16.
The study of these patterns will provide information concerning
the conceptuval strategies utilized in attalining concepts.
The random assignment of subjects to the varlous groups experimentally
controls for varlous personality characteristics of the individuals
and other biasing factors,
The tasks written require the subject lo utilize skills in attaining

concepts and that these skills are measured by the results of the task.

Limitations
The samples were taken from a rather narrow range of individuals,
Ohio State University students in either elementary educatlion or
science education.
The use of the on-line computer terminzl may limit findings to

tasks performed on a terminal.

Delimitations
The task required no information from negatlve instances.
The universe of instances and concepts was limited.
Positive instances were positioned in sccond, third or fourth
position in the matrix and never in the first position.
Only one conceptual rule, conjunctive, was used.
The sclence background or knowledge of materials similar to the tasks

was not measured,

Description of Study

The study investigated patterns exhibited by individusls in

the formation of concepts. The subjects were given thres sinulated

experiments by means of a computer on-line terminal. In the first phase
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of the study, the performance of secondary science education and
elementary education students on the tasks was investigated, The
measures of performance on three similar tasks were analyzed with regard
to0 variances between individuals as compared to variances within
individuals. The relations of these measures to individual characteristics
vwore computed. In the second phase of the study , the effect of changes
in task characteristics on the performance of elementary education students
taking the tasks was studled,

In order to determine which performance measures might provide
relevant information as to individual processes, the literature relatied

to the learning or formation of concepts was studled and xeviewed.



CHAPTER II
REVIEW OF RELEVANT LITERATURE

Concept~formation or concept-learning has been the subject of
study for at least fifty years (Fisher, 1915, and Hull, 1920), Several
discussions of concept-formation and theories involved in cognitive
processes also have been written. Among these are those of Brown and
Archer (1956), Bower aﬁd Trabasso (1964), Melton (1964), Reitman (1965),
Klausmeier and Harris (1966), Kleinmutz {1966), Pikas (1966),

Kleinmutz {(1967), Bourne (1970), and Polsonrand Dunham (1971). One of the
first reviews of studies in concept-formation was that of Vinacke (1951).
Since that time several reviews of the studles in this field have appeared,
notably those by Bruner, Goodnow, and Austin (1956), Kendler (1961),
Klausmeier, et. al, (1965), Bourne (1966), Glaser (1968), Clark {1971),
and Bournc and Dominowski (1972). Bourne {1966) has classified these
studies in two sections, "task variables" and "organismic variables";

the latter dealling wiih the individual involved in the formation of
concepts., For the present study, organismic characteristics are further
subdivided into performance and individual characteristics; the former
dealing with the individuals performance on the tasks in formlng concepts
and the latter dealing with the characteristics which are evident in

the individual prior to performance on the task.
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. Performance Characteristics

Of interest in this study was "the characteristic,
self-consistent ways of functioning shown by the person in the cognitive
sphere” which is called the "cognitive style" by Witkin (1964, p.172),
Among the studies of “styles" in cognitive behavior are Bruner, Olver and
Greenfield (1966), Coop and Sigel (1971), Gardner (1953), Cardner,
et. al. (1959), Garrettson (1971), Harvey, Schroder and Hunt (1961), Kagan,
Moss, and Sigel (1963), Ross (1965), Scheerer (1964), Shouksmith (1969, 1970},
and Witkin et. al. (1962., 1967). Two studies refer to "sets" in cognitive
behavior, Forehand (1962) and Cagne and Paradise (1961). Enough studies
had been done by 1953 so that Smith (1953, p.213) continues "The findings
Justify the conclusion that stylistic consistencies inferred from serial
patterns of cognitive behavior allow prediction of performance in a variety
of cognitive situations.," Among the more recent studies which deal with
cognitive styles and the learning of concepts are Fredrick (1968), Hester
and Tagatz (1971), Jacobson, Millham and Berger (1969), and Lee, Kagan and
Rabson (1963). Bruner, Goodnow and Austin (1956) studied individual

cognitive bechavior as "strategies™ in concept-Tormation,

Fatterns

Strategies were defined by Bruner, Goodnow and Austin (1956) as
the pattern of decisions made by the subject in solving problems in the
attaining of concepts, These patterns were identified from the sequence
of selections or examples used by the subject. These researchers
identified four ideal selectlon strategles: simultaneous scanning,
successive scanning, conservative focussing, and focus gambling, However,

Bruner et. al. (1956) implied thati simultaneous scanning was not observed
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in individuql performance patterns. In the scanning strategies, the
subject considered the entire group of possible hypotheses or concepts,

In the focussing strategies, the subject used positive Instance as a
starting point and tested only those hypotheses which were tenable with
this instance,

Utilizing a card choice problem similar to that of Bruner and
his coworkers, Laughlin (1966, p.776) reported that "two strategies are
empirically as well as theoretically distinguishable problem-solving
processes,’ These selection strategies were identified as focussing and
scanning. Others who have identified focussing and scanning strategles
are Durell (1972), Giambra (1968, 1969a,b, 1971a,b), Kates and Yudin (1964)
and Tagatz (1967).

Wetherick (1966) developed a different type of problem
involving the identification of the relevant attributes. In a later study,
Wetherick (1969) used this problem to identify focussers and scanners,

Most subjects were identified as scanners but focussers were more efficient
in the experimental situation, Wetherick concluded that in "real”
situations the problem solver had to declde which aspects of the problem
to study leading the individual to scan all possibilities. In the
experimental situation, the subject was able to focus since "the relevant
dimensions of variations are specified either implicity or explicity”
(Hetherick, 1969, p.7).

Another investigator who categorized observed strategles in
two terms is Eifermann (1965). These were named component-centered,
focussing on the attributes of the irstances, and concept-centered,

looking at the concept as a whole. Ryers (1963), however, abandoned
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Bruner's idqal strategies and indlcated that all subjects utilize only
attributes and thus might be classified in only one category, focussers,
He utilized a task in the attainment of a concept which involved seven
attributes and identified different strategies on the basis of the number
of attributes changed from one instance to the next. MNost subjects were
found to be consistent in theilr strategies, changing the same number of
attributes from one instance to the next, Klausmeier, Harris and
Wierms (1964) revised this classification scheme into two categories,
conservative and gambling. Conservative strategies were those in which
the subject did test all attributes before proposing an hypothesis as to
the concept represented., Gambling strategies were those in which the
subject did not test all attributes before proposing an hypothesis.,

Witkin (1964) described two strategies, global and analytlc,
which he related to the psychological constructs field-dependent and
field-independent, The global strategy was 1dentified by the subject
utilizing the entire field of instances or concepts. The andlytic
strategy was identlified by the subject selecting only certain attributes
of the instances or only certain instances, Witkin (1964, p.180)

adopted "the designation analytic-global field approach to represent

this broader dimension of cognitive functioning, involving at one extreme
a tendency to experience items as discrete from an organized context,

and at the other extreme a tendency to experience items as fused with
context." Wickelgren (1964) used these two strategles in a study of
concept-formation and relates global to scanning strategies and

analytic to focussing strategies. Davis and Klausmeier (1970),

Fredrick (1968), and Kirschenbaum (1969) identified these stratsgies
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in patterns used by subjects in attaining concepts. Hester and
Tagatz (197i) used "instructional strategies” which they called
“"conservative" and "commonality" and related these to analytic and
global strategies. These strategles were earlier identified by
Tagatz (1967) and with others (1969). The "commonality instructional
strategy" did not require discriminations within the stimulus field
while the “conservative instructional strategy"” required the subject to
selectively choose only certain stimuli from the field of stimuli., PMany
studies seemed to identify individual differences on the basls of
completeness of their selections from the field of instances. In the
present study, the terms analytic and global were chosen to indicate the
patterns identified. Analytic implies an obvious selection which may be
more efficlent; thus, those subjects who select only positive instances,
the only instances necessary for correct solutlon, were ldentified as
analytic, Glotal implies a general view of the total field; thus those
who select both positive and negative instances were identified as global,

Gumer and Levine {1971) found that studenis chose to select
instances which provided information along one dimension (attributes)
before changing dimensions, This "dimensionality", however, was limited
in the sense that subjects were required to select "entire” instances to
obtain the value for a glven attribute. It might be that given the cholce
of selecting all attributes of one instance separately may be a different
dimenslionality than selecting one and only one attribute for each instance.
In the present study, the subject was given that choice and was identified
as attribule~centered or instance-centered depending upon the choice of
gelecting the values for one attribute across inslances or the values of

the attribules for one instance,
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Positive and: Negative Instances

Wetherick (1966) defined a different kind of strategy based
on the use of positive and negative instances. A mixed strategy was one
in which the subject eliminated those sets of atiributes which were
present in both positive and negative instances. A positive strategy was
one in which the subject eliminated those sets of attributes which were
not present in every positive instance., Braley (1963) discounted the use
of negative instances, howevér, in excluding possible hypothesis indicating
a low probability of this occurring. Several studies have indicated that
positive instances provide more information than negative instances
(Haygood and Devine, 1967, Haygood and Stevenson, 1967, Hovland and
Weiss, 1957, and Glanzer, Huttenlocher and Clark, 1963). This seems
particularly evident in conjunctive rules in which Taplin (1971) found
that negative instances retard performance. He also reported that better
performexrs chose a higher proportion of positive instances than do poor
performers on concept attainment tasks. However, other results have been
reported. When an equal number of positive and negative instances were
glven conjunctive rules were learned faster than when the instances were
in their naturally occurring ratio (Denney, 1969). Other investigators
have found no significant differences between the use of positive and
negatlive instances, if equal information was available from both types
(Kates and Yudin, 1964, Yudin and Kates, 1963, and Kurtz and Hovland, 1956).
Freibergs and Tulving (1962) found that subjecis performed much better on
conjunctive tasks with positive instances than wiih negative instances
on first attempts. With practice, however, the difference became much

less but subjects stlll performed somewhat tetter with positive than
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negative instances, Bourne and Guy (1968) found that in attribute
jdentification, subjects performed best when instances were selected from
the larger class of positive or negative instances, Klausmeler, Harris,
and Wiersma (1964) report that negative instances in their selection tasks
provide more information than did the positive instances,

Thus it appears that in different situations positive and
negative instances provide various effects. In the task in the present
study, only positive instances were required to obtain sufficient
information to correctly identify the relevant attributes. Since negative
instances contain no relevant information, it was most efficient to
utilize only positive instances., In the words of Bourne, Ekstrand, and
Montgomery (1969, p.593): "For conjunctives, positive instances arc more
informative, so that a high selection rate for positive instances is
better regardless of other considerations". "Regardless" seemed somewhat
strong in view of some of the other studles, and thus some other
"considerations" with regard to subject performance wexe included,

Other Performance Measures

In studying overall performance on concepi-formation tasks,
three measures which have been used were number of responses, number of
selections (Bruner, Goodnow and Austin, 1956, Laughlin, 1964, 1965, 1966,
Laughlin and Jordan, 1967), and time to solution (Klausmeier, et. al,, 1964,
Shephard, et. al., 1961, and Byers, 1963). 3Bourne (1966) indicates that:
"All three vrovide essentially the same performance index". This was
indicated further in that "it is almost always the case that these measures
are affected in the same way by important ilndependent variables of

experinent” (Bourne, 1966, p.46). In ithe present study, the subject's
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first answer was taken as the response for the task and thus the number
of responses‘was eliminated as a performance measure. The other two
measures were used with one attribute of one instance counted as one
selection., Time was measured both with respect to correct selections
and to all responses glven by the subject during the information gathering
rhase. Another measure of over-all performance of subjects was whether
the problem was solved correctly or not (Klausmeler, et. al,, 1964),
These over all performance measures provide "1little or no detailed
information on how the subject attains solution" (Bourne, 1966, p.46).
For this information, the patierns of selections were examined. The
performance characteristics were observed during a specific task, Other
characteristics were not related to a task but rather to the condition

of the individual prior to the task.
Individual Characteristies

Among the characteristics of the individual which have been
studied with regard to the learning of concepts that are not task related
are major field of specilalization, sex, and intelligence.

Major Field of Snecialization

The one report of the effect of major field of specialization
contains conflicting evidence (Klausmeier, Harris.and Wiersma, 1964).
Using a small number of subjecis with the instructions read to the subject,
the following resulis were reported: Home Econcmics, Speech, and Foreign
Language majors were most efficient with respect to a concept learning
task, while Science, Mathematics and History majors were intermediate, and
Agriculture, English and Physical Education (men) majors were least

afficient, A later study, included in the same report (Klausmeier,



26,
et, al., 1964), found no significant differences with respect to major
filelds. The later study had a larger number of subjects and was different
in that the instructions were read by the subjects and the material itself
was different.

Sex

Glambra (1968), Pishkin, Wolfgang and Rasmussen (1967), Pishkin
and Rosenbluh (1966), Staudenmayer and Schvanaveldt (1971), Klausmeier,
Harris and Wiersma (1964), Fredrick (1968), Fredrick and Klausmeier (1965)
report no significant differences between college age males and females
on concept learning tasks. Tagatiz (1967) found no differences due to sex
in elementary school children performing a concept attainment task.
However, Dale (1970) in a repeat of Plaget's first chemical problem
(Inhelder and Plaget, 1958) found a difference in methods of solution
between girls and boys. Olson (1963) found that high'school sophonores
also varied in their performance on a task in attaining concepts depending
on their sex, Thus differences on such tasks in college students appear
not to be significant with some possible difference due to sex in younger
students in learning concepts.

Intelligence

"It seems only natural that intelligence and the ability Lo
solve conceptual problems should be strongly related” (Bourne, 1966, p.89).
This relationship was reported by Rooze (1969), Denny (1966), and Mazzel
and Goulet (1969). Klausmeier, Harris and Wiersma (196%) found that
subjects who solved concept attainment tasks correctly took less time
than those subjects who answered incorrectly., It might be inferred that

those subjects capatbtle of reaching a correct conclusion probably are
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more ‘'intelligent' than those unable or unwllling to reach a correct
conclusion, If this is true, it might imply that more intelligent,
successful, subjects utilize less time to solve a concept attainment
task than less intelligent, unsuccessful, subjects., Schneider and
Giambra (1971) found no significant correlation between American College
Test scores and performance on tasks in formation of concepts. The
American College Test (ACT) scores correlate with Wechsler Adult
Intelligence Scale (WAIS) and college grade point average at about the
.60 level (Severinsin, 1965). In a series of three studies (Osler and
Fivel, 1961, Osler and Trautman, 1961, and Osler and Welss, 1962), Osler
and coworkers invesfigated the effects of IQ on concept attainment.
¥With general instructions, subjects with high iﬁtelligence were apparently
able to define the problem and then solve the problem more rapidly than
subjects with average intelligence. With specific instructions which
more clearly defined the problem, there was no significant differences
between the performances of the two groups at different levels of
intelligence, Wolff (1967) repeated the study but did not get replicate
resultsy instead, he found that intelligence 1s related to concept
attainment. Hillham (1971) seems to summarize most of the results with
regard to intelligence and individual characteristics in general, when
he views them as "subject factors that generate differential responsiveness

to situational and task variables.”
Task Characteristies

Among the situatlonzl or task characteristics which have been

studied in concept formation are ths effect of lnstructions, practice
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tasks, stimull organization, memory requirements, and difficulty of task.,
Instructions

There is a good deal of reported variation in the effeect of
instructions on concept formation tasks, However, a good deal of
variation exists in the different forms of instructions used. Archer,
Bourne and Brown (1955) and Fredrick and Klausmeier (1965) found no
significant differences due to instructions while Lynch (1966) reports a
significant difference in performance when the subjects are given complete
information concerning the task as opposed to incomplete information.
Denney (1969) reported that subjects given both positive and negative
instances as examples in the instructions performed less well than those
simply given positive examples. Laughlin (1968) tased his change in
instructions on the directions given to the subject regarding the rate at
which they were to solve the problem. One group received instructions to
complete the problem in the fastest possible time, while the other group
was told to complete the problem with the fewest possible selections. No
significant differences were found between the two groups in the number of
selectlions made, but the group instructed to proceed as fast as possible
used significantly less time than the group instructed to use the lowest
number of selections possible, Jolly (1970) instructed some subjects on
a focussing strategy and others on a scanning strategy. Those instructed
t¢ use the focussing strategy performed better than those using the secanning
strategy. Pyle (1970) reported that giving maximum amount of information
in the instructions facilitated the rate of learning but any lesser amount

did not, Osler and Weiss (1962) investigated the interaction of IQ and

instructions by giving specific instructlions on the method by which a
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concept attainment problem should be solved to one group, while giving
only general instructions to another group, No significant difference was
found between subjects with average IQ and those with high IQ when specific
instructions were given. However, the high IQ subjects performed better
than the average IQ subjectis when general instructions were glven,

Practice Tasks

A different aspect of instructions is the effect of practice or
sample tasks. Olson (1963) found that the effect of practice on performance
in concept attainment tasks lasted for only the first task in a series of
tasks. Laughlin (1971) found that there was a significant improvement
after the first task but no differences were found between two and three.
White, Richards and Reynolds (1971) found an inverse relationship between
the number of pretaining problems, from none to three, and the number of
selectlons made to completion oan concept identification task, In the
present study, onc sample task was presented to the subject, followed by
three actual tasks, Slaymaker and Nahinsky (1969) found that test trial
stimuli had no effect on hypothesis sampling behavior identifying
conjuncilive concepts,

Stimuli Orranization

The organization of the sample task in the present study was
varied. Nostlstudies, however, vary the siimuli organization in the
task to study the effect. Bruner, Austin and Goodnow (1956) studled the
effect of presenting an ordered display versus a random display. 4
display in whilch the attributes of the instances were obviously in an

arranged order significantly decreased the number of trials to learn a

concept when compared to a random arrangement, The difference in
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arrangement also changed the strategy used by the subjects. The strategy
of less risk, focussing, was used more often with an ordered display than
with an ordered display than with a random display,while the occurrence
of scanning was greater with a random display than with an ordered
display. Klausmeier, Harris and Wiersma (1964) also indicate that whether
a display is random or ordered affects the strategies used by subjects.

The random display invokes more "gambling" or guessing on the part of the
subject than does an ordered display. However, Huang (1971) indicates that _
a random display "forces" the subject to use other strategles than focussing,
the strategy identified as most often used with a systematic arrangement.
‘These studies indicate a facilitating effect of systematic or ordered
displays on concept attainment tasks. However, Laughlin (1964, 1965) in
two different reports, found no significant difference between an ordered
display and a random display in a selection task,

A different form of organization was studied by Shephard,
Hovland and Jenkins (1961). They studied compact displays, in which all
attributes of an instance may be viewed simultaneously, and distributed
displays, in which the attributes of an instance are separated across the
display. Subjects performed the concept attalnment tasks more quickly
and accurately with compact displays than with distributed displays., These
results also were reported by Bourne and Parker (1964) and Slaymaker (1972).
This effect, similar to the effect of random versus ordered dlsplays, may
be due to either the "forecing of the subject” to view the individual
attributes in the distributed display, or it might be due to the extent of

memory required.
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Memory Requirements

. The effect of memory requirements on performance in concept
attainment tasks has been studied by Bourne, Ekstrand and Montgomery (1969).
"The nece;sity to remember at least some portion of the information
provided by preceding events,..might induce (the subject) to adopt a
strategy, such as conservative focusing, which minimlzes the memory
requirements of the task" (Bourne, Ekstrand and Montgomery, 1969; p.543).,
In an earlier study, Bourne, Goldstein and Link (1964) conclude that
"only a small percentage of errors in concept learning is attributable
to subject's fallure to draw appropriate inferences from perceptually
available information" (Bourne, Goldstein and Link, 1964, p.i45),
Laughlin (1968) indicates that memory effects may be limited to receptive
tasks., In a review of studies dealing with the role of memory in concept
learning, Dominouski states that: "performance is generally improved by
increasing the availability of previous stimulus information” |
(Dominowski, 1965, p.271). Also Clanzer, Huttenlocher and Clark (1963),
Pishkin and Wolfgang (1967), Kates and Yudin (1963)..and Cahill and
Hovland (1960) indicated that allowing all instances, once exposed to
remain 1n view produced much better performance in concept learning than
when each instance is removed from view before the next instance is
viewed, Laughlin (1969) utiiized a system to study memory effects in
which an array of Instances was presented to the subject. As each
instance was selected, the subject moved the instance to appropriate areas
depending on whether the Instance was positive or negative, or the subject
left the instance in the array depending on the itreatment group. Those

subjects who were provided with a means of perceptually organizing the
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instances already chosen took a significantly fewer number of choices to
learn the concept than thoée with no perceptual organization,

Difficulty of Task

In addition to the perceptual oréanization or avallability of
stimuli, conceptual differences are also preduced by the difficulty of
the task. The role of conceptual or cognitive organizers in facilitating
conéept learning in elementary school science was reported by Schulz (1967)
as being interactive with subject skills. Using advance organizers, as
defined by Ausubel (1960), he reported that these organizers seem to
facilitate learning only when subjects lack certain processing skills
related to analftic ;fility. More irrelevant attributes are reported
as increasing the difficulty of the taék (Bourne, 1957, Bourne and
Haygooa, 1960, Rabinowitz and Beaton, 1971, Rasmussen and Archer, 1961,
Scandura and Voorhies, 1971, and Walker and Bourne, 1961). An increase
in’'the number of values for each attribute are reported as increasing
the difficulty of the task (Archer, Bourne and Brown, 1955, and
Gelfand, 1958) or causing no differences (Slaymaker and Nahinsky, 1969).,
Laughlin (1971) attempts to explain some of these contradictory results
from his study which indicéted a2 curvilinear relationship from total
relevant to total ilrrelevant with total amount of information constant.
He concludes that most of the differences in the studies reported above
are due to differences in the amount of information rather than differences
in fhe number of relevant or irrelevant attributes,

Of the rules defined by Haygood and Bourne (1965), the
conjunctive rule is reported as the easiest in iasks using the reception

paradigr (Conant and Trabasso, 1964, Laughlin,1969, laughlin and
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Jordan, 1967, Schwartz, 1966, and Namikas and Carey, 1971) and in the
selection paradigm (A. Miller, 1971), In a different type of study,
Huttenlocher (1962) found that "manipulation" of attributes in a task in
formation of concepts increased the difficulty of the task. This
raised the question of manipulation as a conceptual process with respect

to the computer administered task which requires individual "manipulation”

of attributes,



CHAPTER III1

METHODS AND PROCEDURES

In the frocess of learning sclence concepts, the steps taken
by an individval in atiaining the concépt should provide information
useful in preparing instructlional programs meant to meet individual
differences, A task was developed to be used in the investigation
of strategies used by indlviduals in attaining a concept. A computer
program was used to present the task by means of an IBii 2741 terminal.
Johnson (1966) has shown that a computer can be used in presenting a
complex problem-solving task,

- The study was designed in two phases, Fhase I utilizes
subjects from secondary and elementary teacher education in order

to identify individual differences used in attaining concepis,.

Phase II utilizes subjects from elementary education only and provides
_Effgrmation concerning the relationship of task characteristics to the

formation of concepts,

Tasks
Tasks were developed similar to one given in the Chemical
Education Material Study Hanual as Experiment 33 (Malm, 1963, ».86).
This experiment involved the formation of a single chemical analysis
scheme. The results of mixing different chemicals were used to
detect the presence of an unkncwn substance, In the present study,

the reactions between the liquids and test sclutions were simulated.

3
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These reactions were used to determine which tests were necessary to
identify the presence of an.ugknown substance or contamination.

The tasks were attribute identification task composed of
four instances, two of which were positive or contained the unknown
substance and two negative or did not contain the substance. In all
instances, two attributes were required to indicate the presence of the
unknown, The rule defining the concept was conjunctive. The universe
of possible instances consisted of eight different combinations of
precipitate (P) and no precipitate (N) on each of the three attributes,

These are given in Table 1.

TABLE 1,--Univerze of Possible Instances for Selected Tasks

Instances
A B C D E r G H

=1t

i . P P N N N P

Attributes 2 P P N P N P XN N

& P = precipitate; N = No precipitate,

Given that there were two relevant attributes, three combinations of
attributes was possible, 1 and 23 1 and 33 and 2 and 3. For cach of theze
combinations, four palrs of instances had the same values for the
relevant attributes and a different value for the irrelevant atiributs.

If 1 and 2 were selected ;s the relevant attribute, the four possible

pairs of instances are given in Table 2, Similar results were possible

for the other combirations of relevant attributes.

In order to provide equivalent amounts of information with cach
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TABLE 2,-.Possible Pairs of Positive Instances with 1 and 2 as Relevant
) Attributes

Pajirs of Instances
Cand G Dand F A and B E and H

1 T P N N PP NN
Attributes 2 N N P P P P N N
3 P N P N P N P N

attribute, the value for each attribute in three of the four instances was
the same, This reduced -the possible pairs of instances which might be
used as negative instances to two, If C and G was chosen as the pair of
positive instances, B and H and A and E were the two possible palrs of
negative instances. The combinations of two positive and two negative

instances with attributes 1 and 2 relevant are given in Table 3.

TABLE 3,--Possible Combinations of Four Instances for Use in Task

Negative Positive Positive HYegative
Instances Instances Instances Instances
B H C G C G A K
1 P N P P P P P N
Attributes 2 P N N N N N P N
3 N . N PN P N P P

DeVelopmeﬁt of Program
The program was developed during the academic year 1971-1972,

The schedule used in the study is given in Table 4,

Pilot Studies

The preliminary program, consisting of one task, was given to
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TABLE 4,-~Calendar of Program Development and Administration

Autumn 1971

Preliminary Writing
Pilot Study with Graduate Seminar

Winter 1972

Extensive Bevision and Expansion
Pilot Study with Senior Secondary Science Education Students

Minor Revision

Spring 1972
Pilot study with Secondary Science Educatlion Students
Phaoge I Phage 1I
With Junior Secondary With kKlementary
Science and Elementary Education Students

Education Students

Tifteen science or mathematics education graduate students in a seminar
on educational research. The instructions, sample task and the information

during the solving of the tasks were given as shown in Table 5,

TABLE 5,--Instructions, Matrix Sample Task and Linear Experimental Task as
Given to Subjects

Welcaine to o coumputer simnlation lalboratory.

e will be working with variousliauids and tests,
imapinary of course, which yau may mix andobserve

the resulting reactions, Have you used a computer terminal
before? The machline typing this s a terminal.

Type either yos or no and then press theRLTURH key,

Yes

Fine, lat's go on to the activity.

This actlvity presents three tasks.For cach task:

Problem: .

Determine tests for identifylng contamlnated water.

PBarerinls avallabtle:
3 tests
4 samples of woter, 2of which are specified s contaminated.



TABLE §,--Continued.

Conditions in our “Jab™:

1) Ho test gives the same result with all 4 samples.

2) An ldentifying test glives the same result with ecach contamlnated sample.
3) Uncontaminated samnles may not he [{dentical.

b) More than one test may be necerssary for the ldentificatian.

5) Only pne test can be requested for ang sample at a time.

EXAMPLE:

Suppose you were glven four liquids, A, B, €, and D, with llqulds
A and C contalning a substance for which you want to find the
tests which would identify it. You arecgiventests 1, 2, ond 3

to work with., You can request test rasults, one at a time, such as
test 2 on tlquid € (by typing ©2) Q% test lon liquid © (by typlng dl).

Try requesting the result of test 3 on liquid C.

c3 .
Precipitate
Good.

{f you had requested, for the EXAMPLE problem, all throe
tests on al) four 1lquids, one of cach at a time:

The followlng patrix represents the results yod pisht get.

Liquids
A g [+ »)

1 | } t |
11 Mo Pre! HNo Prel HNo Pre i Precip |
) 1 1 1 .
J i ) [ |
TESTS 21 to Pre | Preclp ) Precip i Precip i
1 1 t ! |

I | | [ l
343 Prectp ! HNo Pre | Precip | Precip |
1 H l | I

Which test or tests do you think can beuwed to identify the substance.
Type the number or nunbers of the toster tests, If more
than one test, put a & sien between thetests, for exampie, 14243,

pLY

fine, your answer does compute, but the correct response was 143,

Test 2 prorluces ditterent results [n the two tiquids that contaln
the substance and cannot be used to identify it, at least not in
our 'lab",

Test 1 produces the same result in THlauld 8, wbich does not contaln
the contamination, as Ir the twoe llquids, A and €, which do contain
the contamination. Therefore tost 1 can not be used by Itself in
I[dentify the contominiared Viquids,



39,

TABLE §5,--Continued.

Jest 3 produces the same result in 1lauid D, which does not contain
the contamination, as in the two liquids,A and C, which do contain
the contamlinatlon. Therefore test 3 can not bhe used by ltself to
Identify the contaminated ilquids.

The comhination nf BOTH contaninated loulds producing the same result, In this
case a preciplrate, with test 3 and BOTH producing the same resulc, no
precipitate, with test 1 Is requiredts identlfy tiquids A and C which

contain the substance as being different from liquids B and D which do

not contain the substance.

HOW ON TO THE PRODLEMS

tach problem will requlre that you reqguecst a new set of results
of the tests on the ligulds In each new problem BEFORE typing
ready, which 14 vour signal to the computer that you know

which test or tests can b used to indicate the presence of

a contaminating substance and thatsou are ready to identify
these for the probiem,

Press the RETURN key to proceed to the first problem,

This problem has two tests which are necessary

to identify the substance,

You are plven four ilauids, A, B, C, and D,

Liquids B and f} contain the substance in this task,

The tests you have available are tests 1, 2 and 3.

When you are ready to ldentify which test or tests can
Indicate contamination, tyne roady.

Type the letter of one liquid andthen the number of one

test for each request,

Now press the RELTURN kKey and then proceed with your request.

a2

He preclpltate

b?

Preclplitate

<l
No preclpitate

g2

Preclipitate

ready
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The program was increased to include three tasks and different
presentations of both the sample task and the tasks which the subjects
were given. In addition to the matrix form given in Table 4, the sample

task was programmed in a linear form as shown in Table 6.

TABLE 6,--Linear Presentation of Sample Task in Instructions

The following 1lst represents the results you might ret.

d1l produces a precipltate
a3 produces a precipitate
bl produces no precinitate
b2 produces a precipltate
b3 produces no preclipitate
al produces no precipltate
cl produces noeprecinitate
d2 produces 3 precipitaete
¢2 produces a precipltace
¢3 produces a precipitate
a2 produces ho Rrecipitate
d3 produces a precipitate

Which test or tests do you think canbewsed to !de?tlfv the substance.
Type the number or numbers of the test or tests, if more
than onc test, put a Asign between the tests, for exampie, 18243,

The information which some subjects received while solving the
tasks was pregrammed in a matrix form, as shown in Table 7.

Three similar tasks were selected randomly from the possible
combinations of instances, as identified on pages 35 and 36. _The program
programming of tﬁese three tasks, identified as A, B and C, was done
exactly the same.

ihe three tasks were given to each of the members of the
senlior projeci in secondary sclence teacher education. 'The results were

analyzed to determine if sufflcient basis existed for ihe identification
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TABLE 7,--Example of Matrix Presentation of Informational Feedback
during Task

This problem has two tests which are necessary

to fdentify the substance.

You are given four liauids, A, B, C, and D,

Llquids B and D contaln the substance in this task.

The tests you have avallable are tests 1, 2 and 3,

Hhen you are ready to idencify which test or teses can
Indicote contamination, type rerady,

Type the letter of one liguid and then the rumber of one
test for cach request.

kow press the RETURN keymd thep proceed with vour request.

bl
A B C D .
1 to
2 .
3
dg1
A B c D
1 No Pr
2
3
3
A B c D
1 No Pr
2
3 Ho
21
A B Cc b
1 No Ho Pr
2
3 Ho
ready

Type the test ar tests which you feel are necessary to i{dentify
the substance.
263

How about that? You dre righe.

of patterns which subjects use consistently and which are different from
subject to suvbject. An analysis of varlance program, BMDO2V, was used to
compute variance due to the task and those due to individuvals, The {wo

measures were the porcentasge of positlve instances used and the sequence
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of selections. The results for these analyses are summarized in
Table 8,
TABLE 8, ~-Individual by Task Two-way Analysis of Variance of Percentage of

Positive Instances and Sequence of Selections
Pilot Study with Juniors and Seniors in Secondary Science Education

Source of Variation arf lican Sq. F
' Individuals 23 1726 5e77XR¥
Percentage of Tasks 2 926 3.10%
Positive Instances Residuals L6 299
Total 71
Individuals 23 20806 5,72%%¥
Sequence of Tasks 2 225 11,73%%%
Selections Residuals bs 3640
Total 71

*XX  Sjpgnificant at the .001 level,
& Critical value at the ,001 level for F(Z,ﬁo) = 8,25,
Critical. value at the .05 level for F(2,40) = 3,20,
Three subjects in this group did not follow instructicns and
did not make correct selections, Minor revisions were made in the
program before the quarter in which the experimental study was done. To
check these revisions and the varlous presentations, eleven students in
a secondary sclence teaching methods course were given the program with
the possible variations considered, All subjects followed the instructions
correctly on the second and third tasks presented, although two subjects
did not follow tﬁe iﬁstruetions correctly for the first task attempted.
Following the pilot studies, the experimental study was

conducted in two simultaneous phases.
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Phase I

Population and Sampling

The groups in Phase I of this study were made up of all
thirty-seven students enrolled in the junior year of the teacher
education program in secondary sclence educatlion and a sample of
forty-eight students randomly selected from those enrolled in the
elementary education science methods course at The Chio State University,
Spring Quarter, 1972. Half of each of these two samples were assigned
randomly to one of two treatment groups. Four subjects in the elementary
education course did not attempt the program. One secondary science and
five elementary education students were unable to complete the program
due to mechanical difficulties with the computer terminal. The distribution

of subjects is given in Table 9.

TABLE 9,--~Major by Treatment Group Distribution of Subjects in Initial
Sample and of Subjects who Received the Insiructions in the Program
Phase I Elementary and Secondary Science Education Majors

Major
Elementary Secondary Science
Education Eduecation
Treatment Treatment
Group Groun _
1 2 1 2
Initial Sample 24 24 20 17
Did not attempt the Program 0 4 0 O
Mechanical Difficultles 3 2 1 0
Recelved Instructions 21 18 19 17

Treatments

The two treatment groups differed in the manner in which the



information was presented following the subject's selection. One
treatment involved a linear format for the presentation as in Table 5.
The other ireatment presented the information in a matrix form as in
Table 7.

Variables

In addition to the task characteristics identified earlier,
the dependent variables in Phase I were three individual characteristies,
sex, major and intelligence as measured by the American College Test (acT),
Major was identified as elementary teacher education, coded as 1, or
secondary science teacher education, coded as 2, The percentile scores
for the ACT were obtained from the student records for twenty-two secondary
education and twenty-nine elementary education students, Tiansfe£ studentis
were not required io provide ACT scores.

The dependent variables for this study weret

Number of Selections (# S)1 The number of selections made according to

the instructions for each task was recorded.

Percentage of Sslections from Positive Instances (% +): The percentage of

the selections m:de for each task which were from pesitive lnstances was
computed with a possible range of 0, no selections from positive lnstances,
t0 99, all selections from positlive instances. Fifty percent of the
positlive selections were positive,

Initial Instance (I I): The first selection made for each task was

recorded as being from a negative instance, -coded 0, or a positive
instance, coded 1. Ho positive instance was presented in the first
position, Thus no posiiive instance was identifled with an A or a 1.

This was to preveni the natural selection of one of these labels first
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from blasing the variable.

Median Selection Time (MAT): The median time interval was computed

from the selection time intervals and the decision time interval, The
selection time was computed in seconds from the time the indication was
given by the computer that the subject could enter a request to the time
the subject indlcated he had completed the request by pressing the return
key on the terminal. Only valid requests according to the instructions
were included. The decision time was taken as the time interval bvetween
the time the information was given for the last selection made and the
time the subject completed typing ready. Typing ready indicated the . .
subject was ready to proceed with the identiflcatlion of which test
solutions were necessary for the determination of the presence of the
unknown substance, For all subjects who followed instructions, the median
time interval was within the range of selection time intervais. The lowest
number of selections made was two and in this case, with the decision

time included, the median time was one of the two selection times,

Mean Reques?t Time (MnT): The mean request time was the mean value

for all time intervals, correct selectlons, incorrect selections and
decision to proceed to the next section, This time differs from the
median selection time in that incorrecli selections, those not made
according to instructions, were included., Also, a large difference
in decision time from selection time would influence the mean value
much more than the median value, the mean value possibly occuring
outside the range of selection times. The time was recorded in

seconds,
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Correctness of Subject's Hypothesis (Cor): The subject's hy,othesls,

with regard to which test solutlons were necessary to indicate the
presence of the unknown was identified as incor;ect, coded 0, or
correct, coded 1, dependent upon a match or no match with the unique
programmed correct hypothesis, Two and only two test solutions were
necessary according to the instructions to the tasks,

Sufficiency of Information (Suf): The sufficiency of the information

obtained by the subject was taken as any amount of information
corresponding to or greater than the minimal requirement for
determining the correct hypothesls. The subject was informed that no

attribute has the same value across all instances, In the terms of

‘Bruner and others (1956), the irrelevant attribute was "noisy" rather

than "quiet". Thus only the attributes of the positive instances are
required for identification of the relevant attributes, All attributes
with the same value for both positive inztances were relevant, All
irrelevant attributes must have different values Tor the positive instances,

Seguence of Selcctions (Seq)t The sequences of selections were classified

with respect to the terms, atiribute-centered and instance-centered., The
sequences werc identified using the "move" from one selection to the next.
A move from one attribute of an instance to a different attribute of the

same instance was called an instance-centered move and represented as

Al-A2, A move from one attribute of an instance to the same attribute

of a different instance was called an attribute-centered move and

represented as B1-Cl, A move to a different attribute and a different
Instance was called a mixed move and represented as Bi-C3, However, once

a subject had made all selectlons in a given attcibute or a glven
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instance, the next move must be a change in attribute or instance
even though the subject was consistently attribute-centered or ins
instance-centered. Therefore, once an instiance-centered subject had
chosen three attributes in succession within one instance, the next move
was considered neutral and not counted as a move. For example, an
attribute-centered analytic subject would choose only two positive
instances for each attribute and the next move to another attribute of
a positive instance was considered neutral. An attribute-céntered global
svbject would select the value of one attribute for all four instances and
then the next move to another attribute would be considered neutral,

To quantify the information, instance-centered moves were
assigned the value of 3, mixed moves 2, and attribute-centered moves were
assigned the value of 1. Neutral moves were not counted as moves. Six
examples of sequences, with numbers denoting attributes and letters
denotlng instances, are given in Table 10. Using the quantitative values
assigned and dividing by the total number of moves provided a single
number of moves provided a single number representative of the sequence of
selectlons. If the interval from 100 to 300 is divided into three equal
parts, all sequences with equalues to or below 167 were identified as
attribute-centered. Sequences with values equal to or above 233 were
identified as instance-centered and the sequencés with values between
167 and 233 were identified as mixed,

To provide a measure of criterion referenced validity, the
terms instance-centered, mixed and attribute-centered as applied to
sequences of selections in solving the task were explained by the

investigator to the graduate educational research seminar members.



TABLE 10,-~Classifying Sequences

L"Bg

of Selections According to Scoring

System
- Sequence Move # of
Sequences Name Points Moves Score?

A1-A2-A3-C1-C2-C3 Instance- 12 L 300
33X 3 3 Centered

B2.B3-B1-D1-D2.D3 Instance- 12 L 300
3 3 X 3 3 Centered

A1-B1-D1-01-C2-D2-B2.A2 Attribute- 6 6 100
11414 X1 1 1 Contered

D2-C2-B2-A2-A3-B3-C3 Attribute- 5 5 100
11 1 X1 1 - Centered

Af-A2-B2-B3-C3-D2-D1 Mixed 13 6 217
3131 2 3

C3-B2-A1-D1-C2-B3-A2 Mixed i1 6 187

2 21 2 2 2

& Score = (Move Points/Number of moves) X 100.

They were given the fifteen sequences of selections which had been
obtained from the tasks for each of the subjects and asked to rate them
in the appropriate categories, The sequences were scored on a scale of
100 to 300 by the investigator according to the system described. The
mean valves for the ratings of the subjects were correlated with the
scores computed to give a criterion referenced measure of validity for
the scoring system, The ratings and scores are glven in Tabvle 11.
Procedurcs

During the first two weeks of the Spring Quarter 1972, the
investigator visited each sectlon of the elementary edvcation science
methods course and each section of the Jjunlor project in secondary

science education., Each student was given the two pzge handout
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TABLE 11,--Mean Values for Ratings and Scores for Sequences of Selections
on Preliminary Task

Sequences

1 2 3 4 5 6 7 8 9 10 11 12 13 14 A5

Rating® 300 114 107 189 114 111 298 105 202 102 164 280 125 257 100

Score® 300 100 100 200 145 109 300 100 200 125 176 240 140 250 100

& Pearson R Correlation = ,98; significant at the .001 level.

included as Appendix A and the general purpose of the program was
outlined. The program was assigned ags part of each of the courses. The
students were instructed on the use of the computer terminal, All
students in the secondary education course had previously used a terminal
#nd only nine of the forty-four students in Fhase I from the elementary
éducation.course had not used the terminal in other courses, ‘The
subjects were allowed to select the time which they would perform the
task and asked to proceed with the task only when the terminal seemed to
be operating properly. The latier precaution was stressed due to
problems which had been evident with several typewriter terminals,

Experinental Design

The design of the study utilizes two treatment groups with
repeated treatments and measures. The design was duplicated with two
groups of subjects with different majors as shown in Table 12.

Data Processing Procedures

The computer program recoxrded student inpul from the on-line
computer terminal and stored these on computer tape., Three different
measures for each task were made avallable on punched data cards from

the Computer-Assistied Instruction Cenler at The Ohio State University.
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TABLE 12, ~-Experimental Design for Fhase I

Treatment

Majors Groups Tasks (X) and Performance Measures (0)
Elementary Ry 44 04 Xy 0, X Oy
Education Ry X 0y X, 0, X, 0,
Secondary Science Ry Xq 0, Xq 0, Xy 03

These were 1) the number of selections, 2) the correctneés of the
hypotheslis proposed by the subject, and 3) the selections made by each
individual in the sequence in which they were made. The median selection
time and mean request time for the selectlon sequence were provided by
the CAI Center on computer printout sheets.

A program was wrltten by the investigator which computed the
percentage of positive instances and the quantitative value given the
sequence of selections, Also included in this program was the
identification of the initlal instance selected as positive (1) or
negative (0) and thé sufficlency of information obtained prior to
proposing an hypothesis, sufficlent (1) and insufficient (0).

The data was analyzed at The Ohio State University Computer

Center using Biomedical Comouter Fyoprams (Dixon, 1967) and MANOVA

program distributed by Clyde Computing Service (Clyde, 1969).

Statlistical Analysis ard Design

The question of the relationships among the performance
measures on the tasks and the characteristics of the individual was

treated as a correlation problem. The correlations of the measures of
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dependent variables for each task with each other and with the measures
of the independent variables were computed., The measures of the eight
dependent variables for the second and third tasks and the measures of
the four independent variables gave a itwenty by twenty correlation matrix.

To determine consistency within individuals and differences
between individuals in the patterns used with similar tasks, an analysis
of variance design was used. A simple two factor analysis, with
persons and tasks as the factors, was computed using the BMDO2V with the
dependent variable sequence of selections and percentage of positive
instances. For information as to the effect of major, treatment and task,
a more complex design was used. The treatments and major of the
subjects were used as.factors with repeated measures across tasks., The
design, shown in Table 13, corresponds closely to that of the three

factor repeated measures design glven by Winer (1971, p.560).

TABLE 113,--Schematic Design of Analysls of Variance Phase I

. ' Hajor
Elementary Ed, (Hi) Secondary Ed, (M)
Treatnont Group Treatmnent Group
Ffyy oo Pran [ #1210 ¢ Pron | Fott vr Fain| Fz2i o0 Poon
1
Taéks 2
3
a Piii = First Person in My and G11.
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The structural model for this design is given by Winer (1971, p.560)
as héving the followlng forms

ok = effect of Major

= effect of Treatment group

- = Person effect

Y = Task effect
As an estimate of the variance for < ﬁ?and°<ﬁi the variance of each term
is combined with the error varlance and the variance of }(ﬂz Thus the
"error term" for each of these three terms is the variance of € plus the

variance of Y7, A more complete description is given in '

Winer (1971, pp.560-572).

Phase 1II

Population and Sampling

The subjects in Fhase 11 were the remaining one hundred
sixty-six students in the elementary education science methods course.
These students were assigned randomly to the eight'treatment groups
with a minimum of twenty subjects in each group. However, twelve
subjects dropped the course before attempting the program and eight
subjects were unable to complete the program due to mechanilcal
difficulties with the computer terminal. The distribution of subjects
is given in Table 14,

Treatments

Four task characteristics were changed to provide the various

treatment groups. The possible combinations avallable with these

changes are given in Table 15 and the treatments selected for this study

are glven in Table 16.
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TABLE 14,-~-Treatment Group Distribution of Subjects in Initial Sample .
and of Subjects who Received the Instructions in the Program Phase II

Treatmant Srouns

1 2 3 & 5 6 7 .8

Injitial Sample 21 23 zZ2 19 19 22 20 19
Did not Attempt the Progran 0 0 1 L 2 3 0 2
Mechanical Difficulties 0 1 1 1 3 2 0 0
'Received Insiruections 24 22 10 14 4 17 20 17

TABLE 15,-~Possible Treatments

humher of Helevant Atiributes

Given Not Given
Instances Instances
denoted by denoted by
Letters Numbers Letters Numbers
Sample Matrix 12 2 L 5
Information Linear Task
in Form Given DLinear 3 Xb 6 X
Experimental In
Task
Presented Sample Matrix 7 X 8 X
Matrix Task
Form Gi;en Linear X X X X
n

2 Refers to Treatments used in the study.

® Refers to Treatments not used in the study.



TASLE 16,-~Treatments Salected

for Study

54,

Treatment
Form in which the

Taak Characteristics

informational feedhack

is given to subjreect's

Selectlons during
Experimental Tasks

Form in which
the Sample Task Symbols used Relevant
for instances Attributes

is presented

Number of

1 Linear Matrix Letters Glven
2 Linear Matrix Numbers Given
3 Linear Linear Letters Given
L - Linear Matrix Letters Not Given
5 Linear Matrix Numbers Not Given
6 Linear Linear Letters Not Given
7 Matrix Matrix Letters Given
8 HMatrix Matrix Letters Not Given

An example of the matrix sample task is glven in Table 53 of the linear

sample in Table 63 of the linear experimental task in Table 53 of the

matrix experimental task in Table 7,

variables in the eight treatments is given in Table 17.

The distribution of the four

TABLE 17,--Distribution of Task Characteristics in Treatment Groups

Task Characteristies

Treatment Grouns

it 2 3 4 5 6 7 8
Matrix in Experimental Task T
Letters to denote Instances + - o+ + - o+ 4+ &
Matrix in Sample Task + + L o+ 4+ - + 4+
# of Relevant Attributes Given v 4 4+ o .+

& _ indicates the absence of Task Characteristics

+ the presence.
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At least two treatments have one of the two values for each of the

“yarlables,

Variables
In addition to the task variables described in the previous

sccetlion, two individual characteristies were selected as independent
variables, sex and intelligence as measured by the ACT, PFPercentile
scores were obtained for ninety-six subjects in Phase II,

The eight dependent variables described in Phase I also were
used as criterion measures in Phase II,

Bxparimantal Design

The experimental study consists of repeated treatments and
performance measures within eight randomly assigned groups. The design

is given in Table 18, S e

TABLE 18,--Experimental Design FPhase II

Treatment Groups Tasks (X) and Performance ﬁeasures_(o)
R % Oy o) 0 X GR
R, X, 0 X, 0, X, 0
R3 X3 01 XB 02 x3 03
Ry, X 0 Xy 0 X, 0
Rs Xs 0, Xg 0, Xg 05"
Rg x6 01 x6 02 x6 03
R, X, 0, X, 0 X 0




Procedures

The same procedures were followed with those students in

Phase 1I as with the elementary education students in Phase I,

56,

These

students were from the same sections as the students in Phase I,

Phase I and Phase II were conducted sinultaneously.

Forty-seven of the

one hundred fifty students in Phase Il had not used the computer

terminzal previously.

Statistical Analysis and Design

The analysis of patterns and the effects of the treatment

variables were assessed with an analysis of varlance design given in

Table 19.

TABLE 19,--Analysis of Variance Deslign for FPhase II

Treatment Groups

1 2 3 L 5 6 7 8
£11-"1n|"21 " 2n| F317F3n (P11 "Plin| P51 ~F5n | P61 -Fén| Fo1 ~Pon | F8LFon
, _
Tasks 2
3

The analysis model is similar to that given for Phase I except that the

factors were only treatment group and person with repeated measures on

tasks,

The dependent variables and independent variables which were

measures of individual characteristics were correlated as in Fhase I,



CHAPTER IV
RESULTS OF THE STUDY

The resulis of this stuldy are presented in two. sections based
on the two phases of the study. PFhase I dealt with the determination of
selection patierns used by individuwals in solving a task of concept-
attainment and with the relations between these patterns and other
individual characteristics., Fhase II dealt with the study of the effects
of chanzes in the task characteristics on the subject's performance.
Phase 1

Disiribution of Subjects

Of the seventy-five subjects who recelved the instructions of
the prosman, tﬁcnty—four subjects did not follow the instructions
correcily. These subjects either typed no valid selections or did not
rake any selections before indicating they had obtsined enough information
to identifj.thc nacessary test solutions, The distribution of subjects
who recelved the instructions and those who followed instruetions and -
made valid selections is given in Table 20. Those subjects who followed
instructions were assigned a value of 1 and those who did not a value of
0. This categorization resulted in a point-biserial correlation (N =30)
of 48, significant at the ,01 level, with ACT scores und a phi
coeffecient (N =51) of .37, with major, significant at the ,0i lesvel,

The means of the ACT scores in each cell are givern in Table 2%

for those subjects for whom ACT scores were obtalned. A two-way analysis
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TABLE 20,-~tajor by Treatment Group Distribution of Subjects: Phase I
Elementary and Secondary Science Education Majors

A1l Subjects who Subjects who
Followed Instructions Followed Instructions
Treatment Group Treatment Group

1 2 1 2

Elementary 21 i8 9 11
Education

Ma jor .

Secondary 19 17 17 14

Edueation

TABLE 21,~<PFajor by Treatment Group Distribution of Mean Values of ACT
Scorest Phase I-Blementary and Secondary Science Education lajors

Subjects who Subjects who
received instructions follcwed instructions

Treatment Group Treatment Group

1 2 1 2
Elementary 3, 85 34, 5k 39.25 43,71
" Education - N=13 N=1.3 Hely N=7

Ma jor _

© Secondary 59,25 70.75 ' 66,90 83,22

Education - b=t2 Nef2 N=10 N=9

of variance of ACT scores by treatment group and major was computed for
each distributilon. The results, given in Table 22, indicate that a
significant difference in ACT scores exists between majors but no
significant difference existis between treatment groups or in the
interaction of treatment group and major. 7The subjects who did not
follow instructions received the same inforﬁation regardless of the
treatment group, Since no selections were made and any hypothesis given
was not based on information collected by 1lhe stijeet for the task, these

subjects were not entered in the analysis of the dependent variables.
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TABLE 22.-~¥ajor by Treatment Group Analysis of Variance of ACT Scores:
Fhase I-Elementary and'Sccondary Science Education Majors

Source : df . IS S F

Subjects who
Received Instructions

threatment group) 1 3.92 0.0072
M(ma jor) 1 15557,98 28,91 7%*x*
G : 1 10,20 0.019
Within cells . L6 538,03
Subjects who

Followed Instruetions ,
G 1 35936 0,857°
M 1 8097.47 19, 307*%*
GH 1 232,81 0.555
Within cells 26 hig. 41

**% Significant at the 001 level,

& Critical F at the .01 level = 4,08,
Critical F at the .05 level = 2,04,

Y Critica)l F at the .01 level = 7,72,
Critical F at the .05 level = i,23,

I

Selection of Tanks for Inclusion in Analysis

The first task in a series of experimental tasks has been shoun
to be a practlce task (Laughlin, 19?1) and the only task in the series
affected by earlier information on the task (Olson, 1963). The
performance measures on the first task did not correlate wiih either the
second or ‘third task in general as well as those measures on the last two
tasks correlated with each other, These correlations are given in
Table 23.

The two measures defining selection patterns were the percentage
of posiiive instances and sequence of selections, ©Scheffe pair wise
comparisons of the three tasks gave no significant differences with

sequence of selections, The mean of the percentage of positive 1lnstances
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TABLE 13,~-Felationships of Performance Measures between Fairs of Tasks:
Piase I-Elementary and Secondary Science Education Majors

Dependent. First Task First Task - Second Task
with with with
Variablec Second Task Third Task . Thir@ Task
Cor o 51 #EX .30 o BHEX
# S 17 12 o 7OHEX
Suf . 31 -19 v 1&3**
TII . 55*—** . 38*—* « 72H*
% + o 5OFNKR o G .7[,,***
Seq JUEEX* . 50*—** . B ¥
MaT ITIAS A o HRHEX 28
MnT -10 13 .28

®RH Si%nificant at the ,001 level. Critical value for
N—51 Ll

*% Significant at the .01 level, Critical value for
N=51) = .35.
in the first task was significantly different at the .05 level than the
mean for the second or third task. The means for the second and third
task were not significantly different at the ,05 level., These results
are revorted iu Table 24,

A two-way analysis of varilance was computed on these measures
with 3ndividuals and tasks as the two factors. The results of this
analysis are given in Table 25 when computed with measures from all three
{tasks and when computed with measures on only the last two tasks,

Hhen the first task was disregarded the variation between the second
and third tasks in the percentage of posltive instances was not
significant at the .25 level, The high consistency of subjects from the
second to third task and the variation due to the first task ied to the

dropping of +the measures on the first task from the data analysis.
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TABLE 24, --Scheffe Commrisons of Mean Values for Percentage of Positive
Instances and Sequence of Selections Between Taskst Phase 1
Elementary and Secondary Science Education !ajors

Percentapge of Positive Instances

Tasks
First Second Third
Mean = 58,59 Mean = 71,092 Mean = 74,02
First liean 158,59 13.33* 15,43%
S.D, 29,25
Second Mean 71,92 2.10
S.D. 22.81
Third Mean 74,02
SJD. 23,95
Sequence of Salections
Tasks
First Second Third
Mean = 188,45 Mean = 188,00 Mean = 184,61
First Mean 188.45 A5 3.84
S.D. 100.49
Second Mean 188,00 3.39
s.Dl 88-10
Third Mean 184,61
S:De 87,45

* Difference significant at the .05 level.

Distribution of Patierns

The measures of selection patterns for the subjects who did

follow instructions were disiributed in the third task as given in

Table 26 .

Ezch measure was divided into three ranges of scores and the

nunber of subjects using patterns in these ranges was recorded. The

distributions of patterns fell in the four extreme cells, Iinstance-

centered analytic, instance-centered glebul, atiribute-centored analytic
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TABLE 25, ~~Individual by Task Analysis of Variance of Sequence of
Selection and Percentage of Positive Instances: Phase I-Elementar
and Secondary Science Education flajors d

Dependent Variables .

~ Sequence of _ Petcentage of
Selections Positive Instances

Source of Variance af Mean Sq. F Mean Sq. F

A11 3 Tasks
Individuals 50 18345 el 2%H% 1424 5 1y ¥E%
Tasks 2 225 - 15.92%*¥ 3573 13,59%%*
Residual 100 3581 263

Second and

Third Task
Individuals 50 13979 9.79%* 950  6,60%%*
Tasks -1 293 4.88-; 112 1.28

Residuval 50 1429 144

**¥* Significant at the ,001 level.
2 Critical value at the .05 level for F (1,50) = L, 0,
TABLE 26,--Sequence of Selections by Percentage of Positive Instances

Distribvution of Pqﬁterns used by Subjects: Thase I-Elementlary
and Secondary Scilence Education Majors

Percentage of Posiiive Instances

50% 67% 8uZ% 10074
Global Analytic
100
Inctance-
Centered 118 2 15
167
Sequence Mixed i 0 4
233—
Atiribute-
Centered 11 0 7
300

& Freguency.
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and attvibute-centered global, Very few subjects made selections
in a mixed sequence, scores from 167 to 233, or in the range of 67 to
84 percent of positive instances., Fifty percent of all instances were
positive, As further indlcallve of consistency from task to task with
respect to analytlc and global patterns, the percentage of 'subjects who
used these patterns from task to task are given in Tadble 27. Also given
in Tzble 27 are the percentages of unsuccessful subjects who changed
patterns on the following tasks. The results indicate a consistency

TABIE 27,--Percentage of Positive Instances Selected from Task to Task
by Subjectss Phase [-Elementary and Secondary Scicnce Education

Tasks
First to Second First to Third Second to Thind
All Unsuccessful  All Unsucecessful  All Unsuceessful
Subjects Subjects Subjects Subjects Subjects Subjects

287 % 28% %o 35% 19%
0.

Ao
to
to
to
to
to
to
to
to

FQEZ>OQR >
|
FUNMONO O

OO =
=

EwFunomo

?owmooco
(SRR SESES RS
ﬂoémoomo

[}
B
o
=

2 A = Analytic; M = Hixed; and G = Global,

from task to task with some changes tovard analytlic patterns, particularly
when glotal was the patitern used for the first task. The subjects who
incorrectly identified the relevant attributes in gereral used a glohal
pattern on all three tasks with little change in ratterns follewing an
unsuccessful solution to a task. The significance of these shifts in

patterns was studied using a z test for the difference beiween two
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correlated .proportions., The results are given in Table 28.

TABLE 28,--Significance of the Direction of the changes in Percentage of
Positive Instances Selected from Task to Task by Subjeects: Fhase I
Elementary and Secondary Science Education Majors

First to Second First to Third Second to Third

All Subjects

Analytic to

Not Analytic 7 = ~2,65%* -2.65%* -.82
Global to

Not Globtal z = +2,11% +2,11% +,38

Unsuccessful Subijects

Analytic to

Not Analytic z = -1,41 -1,00 ~-1,00
Global to

Not Global z = t,57 0.00 ~1.41

*¥% Significant at the ,01 level,

* Significant at the .05 level,

Correlations of Variable leasures

The correlations for the independent veriables which are measures
of the indlividuwal characteristics and for the dependent varlables which
are performance measures for the second and third task are given in
Table 29, ACT correlates significantly at the ,01 level with the
percentaée of positive instances and the initial instance chosen as
positive in the third task. 7Thls indicates that "more intelligent”
individuals sclected more first instances which were positive and used
more positive instances, a nore selective or analytic process, ihan "less
intelligent"” individuals. ACT relates to the major of the student with
those students in seccondary science teacher education having the higher

ACT scores. More females select elementary education than sccondary



TABLE 29,--Correlation Matrix for Individual Characteristics and Performance Measures for the Second and
Third Tasks: Prase I-Elementary and Secondary Science Education Mejors

b Second ITask - Third iask
Sex Iaj ACY Cor #8 Suf 11 £+ Seq MaT HMnT Cor #S Suf II %+ Seq M4T WMnT

Sex
ACT -23 €1

Cor -08 18 (8

# 3 07 05 =3 -28

Suf 18 -1 93 -08 14

II 0L Ch 19 33 -59*% 17

% + =03 01 25 12 -79* 21 68*

Seq 17 -08 12 -2k 27 02 -05 -05

3T -20 C2 -0t 25 =33 €3 11 09 =30

HMnT -09 (9 ~C4 -06 13 16 -22 17 i1 uh*

Cor 16 33 11 LB% 14 -05 31 03 -22 15 06

#5 12 -02 -ip ~-39% 79% 16 -51% _49% 12 33 12 -19

Su? 16 51 20 11 10 43%¥ 13 03 06 08 10 08 22

II -08 2L (A1* 28 -Lk2* 21 2% 59% 03 17 -08 28 -Li* 535

G + =07 15 7% 38% ~62* 1k 67y oL* oL 16 09 32 =7H* 27 72¥

Seq gt CO 00 ~08 11 -03 07 07 B1* .18 12 -13 -02 04 10 11

1T ok 11 17 15 -13 11 18 14 -19 28 09 2k 15 11 22 16 -19

knT ok -07 03 -tk 15 16 -10 12 -4 21 28 21 18 22 01 -09 -25 6B8*

& Correlations have been rounded to two digits and the decimal point omitted.
O N = 30 for ACT, W = 51 for all others,

* Significant at the .01 level, Critical valuve for rgp = .43; for rgy = «35.
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educatione

The measures of the dependent variables in the second task and
the measures of the respective variables in the third task are related
except for the two time measures. This indicates a consistency on the
part of the subject from the second to third task. The time measures
on the two tasks are not correlated significantly indicating some
variation within individuwals on time measures., The time measures also
may have been affected by delays in information feedback to the subject.
Although computer delays were not recorded in the times taken by the
subject, a variation in computer delay time might alter the time for the
subject to respond. However, the two measures mean request time and
median selection time correlated significantly in each task., Initial
instance selected (I I) correlates significantly at the .01 level with
percentage of positive instances (% +) in both tasks, This gives
evidence that those subjects who selected a high percentage of positive
instances started iheir selections intentionally with a positive
instance, These subjecis alsc used a significantly fewer number of
seleciions in each task than subjects who used a lower percentage of
positive instances, This indicates that the analytic pattern of
selections was more selective and more efficient. Those subjects who
solved the second task correctly used fewer selections and a higher
percentage of positive instances in the third tusk, This indicates
that subjects who were succe§sfu1 on the second task learned to be
more efficient and analytic on the third task. The means for the

dependent variables in Fhase I are given in Table 30.



TABLE 30 ,--Means of Variables by Major, Treatment and Task for All Subjects who Followed Instructions

Fhase I Elementary and Secondary Science Education Majors

Cell ACT Dependent  Varisbles
Fajor Treatment Task N R! Cor #S8 Suf II 5+ Seaq MaT  MnT
Clementary iairix econd 9 DNMsan 4 39.25 67 B.56 1.00 b4 68,22 211.89 5.33 11,44
s.D.2  25,99® &4 3,16 .14 ,50 22,81 88,10 6,81 10.58
Elexentary latrix Third 9 Hean .56  8.44 89 44 60.89 212,67 2,67 5.22
Sthc .33 3!21 -30 .L}? 23-95 8?'1’"5 3'38 5'40
Elerentary Linear Second i1 Mean 7 43.71 G 8,09 1,00 .64 74,55 184,09 5.68 13,09
Elementary Linear Third 11 HNean 91 6,61 G164 76,82 161.45 6,91  11.00
Secondary Fairix Second 17 Mean 9 64,67 65 8,00 94,53 70,24 169.24 4,59 11,24
Secerndary Matrix Third 17 lean 94 8,06 .88 .65 71.4 171.59 3.71 8.06
Secendary Linear Second 14 HNean 10 85,60 1,00, 8,00 1,00 L,7% 74,29 198.50 9.50 18,31
Secondary Linear Third 1L Hean 1,00 6.71 ,93 .93 83,43 200.57 4.93 7.21

2 8,0, = Standard Deviztion across all four second tasks.

b Standard Deviation for ACT scores across all eight cells.

€ &.D. = Standard Deviation across all four third tasks..

0&9
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Effects of Major, Treatment and Task

A two-way analysis of variance of the dependent measures by
major and treatment with repeated measures across tasks was computed
with the BMDO8V program. The means of the dependent measures used in
the analysis are given in Table 31. The results of the analysis are
given in Table 32,

The three-way interaction effect, major, treatment and task
(MGT), on the correctness of the answer glven by the subject was due to
the decrease in correct answers in treatment group 1 of eleven education
ma jors from the second to third task, All of the secondary science
education majors in treatment.group 2 answered both the second and third
tasks correctly. The mean values for this measure, correct coded 1 and
incorrect coded 0, are given in Table 33.

The two-way interaction effect, treatment and task (GT), ‘on the
number of seleciions rmade was due to the larger decrease from the
second to third task in treatment group 2 compared to treatmsnt group 1,
The group which received the task information in a matrix form increased
in efficiency more than those who recelved the task information in a
linear form. The mean values of the number of selections by treatment
group by task are given in Table 34,

The two-way interaction effect, major by task (MT), on the
selection of initial instances was due to the secondary sclence
education majors selecting more positive instances as inltlal instances
in the third task than the second task. The elementary education majors
selected slizhtly fewer positive inltial instances on the third task

than or th=z sccond task. The mean values for selection of initial



TABLE 31 «--lieans of Variables by Major, Treatment and Task in Repeated Measures Sample cf FPhasz I
Elementary and Secondary Science Edueation Majors

Cell Dependent Variables

Major  Treaiment Tesk N Cor # S Suf 11 % Seg B4T < HnT
Elementary lMatrix Secend 9 .67 8.56 1,00 Gl 6B,22° 211.89 5.33 11,44
Elementary Fatrix Third 9 56 8.4k .89 A 60,89 212,67 2.67 5.22
Elerentary Linear Second 9 67 7.56 1,00 67 78.22 180,56 5,56 10.11.
Elementary Linear Third ¢ .89 6.22 .89 .55 79.56 158.33 7,y 10.33
Secondary lMatrix Secord 9 67 8.11 1.00 56 73.00 155,78 4,33 10,56
Secondary ltlatrix Third 9 1.00 8.00 .89 67 7L, 14 151.89 L,00 8.44
Secondary Linear Second ¢ 1.00 7.78 1.00 .78 75.89 187.44 7.4 14,33
Secordary Linear Third 9 1,00 6.11 .82 1,00 87.22 187.56 533 756

069
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TABLE 32,--ajor by Treatment by Task Analysis of Variance of
Performance Heasures with Repeated Measures across Tasks:
Phase I-Elementary and Secundary Science Education Majors

Variable Source Error df MS F
Term

G (treatment) Pu MG 1,32 .50 2.33
T (task) PTw MG 1,32 .22 3,20
MG Pu. MG 1,32 —— 0.00
MT Pru,MG 1,32 ' 56 0.80
GT PTw, MG 1,732 , 00 0,00
MGT PTw,MG 1,32 .50 7,20%

#5S M Py, MG 1,32 .58 0.04
C Pu NG 1,32 33.35 2,07
T Prw. MG 1,32 11.68 5,67
MG PH‘I’IG 1]32 1.12 0.07
MT PT"-T.MG 1|32 012 0006
GT PTw.MG 1,32 8.68  i,22%
MGT PTw.NG 1,32 A2 0,06

Suf M Pyw.MC 1,32 .00 0,00
G Pu MG 1,32 .00 0.00
T PIw.MG 1,32 22 4,00
MG Py.MC 1,32 .00 0,00
MT PTw. MG 1,32 .00 0.00
GT PTw.MG 1,32 .00 0,00
MGT PIwiMG 1,32 .00 0.00

1T M Pu.MG 1,32 .89 2,23
G Py .NG 1,32 .89 2.23
T PTW.MG 1,32 006 1-07
MG Py MG 1,32 .06 0,14
MT PIw.MGC 1,32 22 Iy, 27%
GT Plv.MG 1,732 .00 0.00
MGT PﬂICMG 1.32 -06 1-07



TABLE 32,~-Continued.
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Variable Source Error df Rk ¥
Term

G Pw.MG 1,32 2211 2.26
T PTw.NG 1,32 52 0.37
MG Py MG 1,32 190 0.19
GT PTv.MG 1,32 387 2.79
MGT PIw.MG 1,32 2 0.01

Seq M Pu.MG 1,32 7341 0.49
G PuMG 1,32 378 0.03
T PIw.HG 1,32 716 0.80
MG PuiG 1,32 26335 1.77
MT PTw. MG 1,32 351 0.39
MGT PTw.MG 1,32 820 0.92

MaT M Pu.,MGC 1,32 .00 0.00
T P 4G 1,32 11.70 1.03
MG LN-ﬁG 1,32 -30 101
MT PTw.NG 1,32 3.10 28
GT PTw.MG 1,32 8.70 77
MGT PIw.NG 1,32 45,10 3,98

MnT M Py, MG 1,32 16.00 0.31
G Pu.NG 1,32 50,00 0.98
MG PH'MG 1 ,32 590 .002
MT PTw.NG 1,32 9.40 Ll
GT PTw.JG 1,32 3,60 16
MGT PTy.MG 1,32 138.90 6.4

* Significant at the ,05 level,

& Py,MG = Person within major by Treatment.

b Critical F at the .05 level = 4,17,
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TABLE 33,--Major by Treatment by Task Distribution of Mean Values of
Correctness of Sclutions: Fhase I-Elementary and Secondary
Science Education lajors

Elerentary Education Secondary Science Education
Treatment Group Treatment Group
1 2 i 2
Second task .67 .67 .67 1,00
'I‘hird task 056 ' . 89 1.00 1,00

TABLE 3l,--Task by Treatment Group Mean Values for Number of Selections?
Phase I-Elementary and Secondary Science Education lMajors

Treatment Group

1 2
Second task 8.33 7467
Third task 8,22 6.17

instances are given in Table 35,

TABLE 35,--Major by Task Distribution of Mean Values of Initial Instances
Selected: Fhase I-BElementary and Secondary Science Education Ma jors

Mo jor
Elementary Education Secondary Education
Second task * 56 67
Third task 50 .83

The three-way interaction effect, major, treatment and task
(MGT), on the mean request time was relatively complex. The mean time
did decrease from the second to thlrd task except for a slight

increase in treatment group 2 of the elemuntary education majors. The
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large I' value for the task effect would support the observation of
a decrease in the mean request time from the second to third task, The

mean values for the measure are given in Table 36,

TABLE 36,--Major by Task Distribution of Mean Values of Mean Request
Time: Phase IElementary and Secondary Science Education Majors

Elementary Education Secondary Science Education
Treatment Group Treatment Group
i 2 i 2
Second task 11,44 i0.11 10,56 14,33
Third task 5'22 10‘ 33 80"‘1” 7056

The correlation of .61 of ACT scores with major prompted a
three-vay multivariate analysis of covariance with ACT scores as the
covariate. The mean values for the dependent variables of the sample
used are given in Table 37. The results of this analysis are given in
Table 38. The number of subjects with ACT scores was too small in some
cells to comﬁute the homogeneity of regression by the program used,
MANOVA (Clyde, 1969). The covariance analysis removed all interaction
effects, but the decrease in mean request time from the seconi to third
task was still significant. The adjusted means of the dependent
variables for this analysis are given in Table 39,

Phase II

Disiribution of Subjecis

The distribution of subjects who received the instrucliions in
the program and those who followed instructlons in Phase II of this st
study is glven in Table 40, A valuve of 1 was assigned to those asubjects

who followed instructions and a value of 0 to those vho did not. This



TABLE37 «--Means of Variables by Major, Treatment and Task in Sample Used for Analysis of Covariance; Fhase I
Eierentary and Secondary Science Education Majors

Cell
Fe jor Treatment Task i ACT Cor #8  Buf I1I % + Seq MaT MnT

Eierentary datriz Second L& Fean 39.25 .75 8.75 1.00 .25 58.00 182.50 7.75 12.75

s.0D.® 25,99 .36 3.07 ,29 47 22,61  87.44 3,82 7,50
Elementary Matrix  Third liezn .75 9,00 75 .25 43,75 200.00 2.75 4,75
Elermentary Linear Second 7 HMean L43.71 .57 8.71 1.00 57  67.57  203.57 4.4 14,71

Blementary Linear Third Mean 1,00 8,14 .86 .57  70.43 192,57 7,00 12,71

Secondary lMatrix Second 9 HMean 64.67 78 7.67 .89 56 70,00 161.33 4,67 10.78
Secondary Hatrizx  Third Fean 1.00 7.4 .89 £7 76,33 160.22 3.78 8.00
Secondary Linear Second 10 Fean  83.60 .90 8,10 1,00 60 74,60 175,60 6,20 12,30

Secondary Linear Third Mean .20 6,40 .90 1,00 84,30 178.30 5.00 7.60

& 8.D. = Standard Peviation across all elght cells.

017&
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TAoLE 38,--Major by Treatment by Task Analysis of Covariance of
Yerformance Measures with ACT Scores Covariate: Fhase I

Elementary and Secondary Science Education Majors

Variable Source af MS F .
Cor M(major) 1,51 A6 1,228
G{treatment) 1,51 .01 £07
T(task) 1,51 L2 3,24
MG 1,5% .00 .01
MT 1,51 .10 76
GT 1,51 .00 .00
MGT 1,51 35  2.72
#8 M 1,51 .85 .10
G 1,51 1.10 .13
T 1,51 8.07 .92
MG 1,51 2.14 24
MT 1,51 1.84 2
GT 1,51 5.67 .65
MGT 1,51 .36 Ol
Suf M 1,51 .01 .05
G 1,51 .02 .30
T 1!51 -15 1.80
MG 1,51 .00 .00
MT 1!51 -06 0?0
GT 1,51 .00 .03
MGT 1,51 .0 A2
II it 1,51 .02 (A1
G 1,51 28 1,35
T 1,51 92 1,98
MG 1,51 .16 76
MT 1,51 24 1,15
GT 1,51 13 61
MGT 1,51 07 33



TABLE 38,--Continued.

764

Variable Source df 1S F
% + M 1,51 2,41 .01
" G 1,51 278.78 .62

T i,51 228.15 «51

MG 1,51 1021.49 227

MT 1,51 hsg,18 1,02

GT 1,51 243,01 . Sk

MGT 1,51 156.30 035

Seq M 1,51 21251.00 2.81
G 1,51 _ 7280 01

T 1,51 1.62 .00

MG 1,51 8.44  ,00

HT 1,51 8,12 , 00

GT 1,51 203,90 .03

MGT 1,51 864,30 11

MaT M 1,51 10.82 .74
G i,51 6.92 J¥7

T 1,51 6.67 45

MG i,51 1.90 13

MT 1,51 3.86 .26

GT 1,51 23.56 1,60

NGT 1,51 55,20 3,76

MnT 1 1,51 88.80 1.56
G 1,51 .69 .61

T 1,51 232,06 4,08*

WG 1,51 96,31 1,34

uT 1,51 55 01

GT 1 '51 20 61 005

MGT 1 ] 51 52- OO . 91

*¥ Significant at ,05 level

& Critical F at the .05 level = 4,04,



ABLE 39,--Neans of Variables by lMajor, Treatment and Task Adjusted for Analysis of Covariance wiih
ACT Sceores as Covariate Fhase I Elementary and Secondary Science Education Majors

Call Dependent  Variables
Fa jor Treatment Task N ACT Cor- #8S Suf II %+ Seq MAT  MnT
Elementary iatrix Second U Hean 39.25 T4 7,66 1,02 A0 67.74 200,29 8,21 13.52
S.D.% 25,99 .36 2,95 .29 L6 21,22 86,95 3.83 7.54
Elementary Fatrix Third fcan 74 7.90 .78 A0 53.49 217,79 3.21 5.52
Elementary Linear Second 7 Hean 43.71 .56  7.83 1,02 69 75,46 217,98 L,52 15,34
Elementary Linear Third Fean 99 7.26 .88 69 78,32 206,98 7.38 13.34
Secondary Matrix Second 9 lMean 64,67 78  7.76 .89 .54 69,18 159,84 4,63 10.71
Secondary lMatrix Third Mean 1.00 7.54 .89 65 75.52 158,73 3,74 7.94
Secondary Linezr Secord 10 Mean 83.60 91 9,08 ,98 A7 65.92 159,74 5,79  11.61
Secondary ILinear Third Mean 91 7.38 .88 87  75.62 162,44 4,59 6.91

& 5.B. = Standard Deviation across all eight cells.

'
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TABLE 40,~~Treatment Group Distribution of Subjectst Phase II
' Elementary Education lajors

Treatment Groups
1 2 3 4 5 6 7 8

Subjects who
Received Insiructions 21 22 20 14 il i7 20 17

Subjects who
Followed lnstructions 11 10 11 10 5 9 13 12

categorization resulted in a point~biserial correlation (N=50) of ,09,
not significant at the .05 level, with ACT scores. The means of the
ACT scores Tor each treatment group are given in Table 41 for those

TABLE &4, --Treatment Group Distribution of Mean Values of ACT Scorest
Phase II-Elerentary Education iajors

Treatment Croups

1 2 3 iy 5 6 7 8
A1l 52,82  34.b3 42,83 58.56 41.00 51,93 h2.64 46.30
Subjects Neq1  N=ih  Nel2 K=t2 K=9 N=14 N=11 N=10
Subjects 57.20 LO.,60 b1.62 60,22 37,50 45,00 50,80 45,50
?ﬁiéﬁﬁiiﬁi Ne=5g Neg N=8  N=9 K= N=8 N=t N=5

subjects for whom ACT scores were obtained. A one-way analysis of
variance of ACT scores by treatment group was computed on each
distribution with no significant effects as shown in Table 42,

Distribution of Patterns

The distribution of selection patterns made by subjects in
Phase IT of the study is chown in Table 43, As in Fhase I, almost

all ratterns were classified in four categories with very few patterns
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TABLE 42,--Treatment Group Analysis of Varlance of ACT Scores: Phase II
Elementary Education lajors

L R | ————s mr

af MS r

y ——r s St
)

Source

All Subjects a
Between Groups 7 377.32 0.60
Within Groups ‘ U1 629,32

Subjects who
followed Instructions
Between Groups 7 748,44 1.27

Within Groups 85 587.80

A —— b - ————— = - ———

& Critical value at .05 level for F (?, B) = 2.253
for F (7, 85) = 2,15,

TABLE 43,~-Sequence of Selections by Percentage of Positive Instances
Distribution of Patterns Used by Subjects: Phase II-Elementary
Education Majors

Percentage of Positive Instances

50% 677 8h% 100%
Global Analytic
100
Instance-
Centered 20 2 i3
167.
Sequence Mixed 0 0 3
233
Attribute-
Centered 23 2 18
300

with either a mixed sequence or with an intermediate percentage of
positive instances. A further indication of consistency from task to
task with respect to analytlic and global patterns, the percentage of
subjects who used these patterns from task to task are given for each
possible change of pattern in Table 44, The significance of the changes

as computed by the =z test for the difference between two correlated
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TABLE L4l,--Percentage of Positive Instances Selected from Task to Task
by Subjects: Fhase II-Elementary Education Majors

Tasks
First to Second . First to Third Second to Third
Al Unsucecessful A1l Unsuceessful  All Unsuacessful

Subjects Subjects Subjects Subjects Subjects Subjects

to A& 220 2256 25% 20% 4% 1.8%
to M
to G
to A4
to M
to G
to A
to M
to G 4

(=
VWO OoOHWKH -

[y
~WWOW O OWW
PN
[N
cfFooofFfooOoo

N

n
WnMEFOCRO&EWH

DO o> >
~NFfFnrropfsuwe

W OWOo O

=

W
G
W
n

& A = Analyticy M = Mixed; G = Global.

TABLE 45,--Significance of the Direction of the changes in Percentage of
Positive Instances Selected from Task to Task by Subjects: Fhase II
Elementary Education Majors

First to Second irst to Third Second to Third

All Subjects

Analytic to
Not Analytic 7 = -3,26%% ~3.67%* -2.31%
Glotal to :
Not GlObal 2 F +3.26** +3|6?** +20?1

Unsuccesstul Subiects
Analytic to
Not Analytic z = 1,41 ~1.72 -2.00%
Global to
Not Gicual g = 4,67 +1.04 +2, 2%

#*% Significant at the ,01 level,

* Cignificant at the .05 level,

proﬁortions are given in Table 45, The results indicate that those
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subjects who changed patterns changed toward more analytlic patterns.
Correlation of Dependent Variable lleasures

The correlatlons among the measures of the dependent variables
were computed and are given in Table 46, The results were very similar
+o those in Phase I, The measures of all the dependent variables in the
second task correlate significantly with the respective measures in the
third task. A lower number of selections, higher percentage of positive
instances selected significantly. The sufficiencyrof information
obtained in the second task was related significantly to the number of
selections and percentage of positive instances in the second task while
the sufficiency of information in the thlird task was related significa
significantly to percentage of positive instances., This indicates that
those subjecls who selected a higher percentage of positive instances
vere better able to identify sufficient information.

The measures of the mean request time and median selection timee
were correlated with the time measures in the second and third task.

The median eselection time in the third task also was correlated
significantly with the number of selections made in the second and third
tasks,The lower the number of selections the longer was the time

| required to make each selection. The means of the dependent variables
are given in Table 47,

Effects of Treatment ard Tesks

The one-way analysis of variance of measures of dependent
variables by treatment groups with repeated measures across tasks was
conputed using the BMDOBV program. The mean values of these measures

for the subjects in the sample used for ithis analysis are glven in



TABLE 44,--Correlation Matrix of
Second and Third Tasks: Fhase II-Elementary Education Majors

Individuzl Choracteristics and Performance Measurecs for the

a Lecond iask third lask

Sex ACT Cor #8 Buf ITI %+ Seg MAT EnT Cor #85 Suf II %+ Seq MAT MnT
Sex
ACT  -02b
Cor 04 39 '
# 5 29 -22 -21
Suf 12 C7 25 uix
I1 co -02 30% -39% (Ch
%+ 0 15 27 -5L¥ 2% 1%
Seq 14 18 -01 22 20 08 156
14T 10 -02 =03 =20 -20 12 25 <16
FnT 08 12 01 -03 -i& 08 -02 -i0 71%
Cor -15 3C Lo* 227 06 24 20 04 o4 24
#3 23 -18 -19  68* 05 -37% -52*% 22 -22 -09 =35%
Suf 22 07 03 26 Lu* 24 Lo* 23 19 02 o4 02
It 01 05 20 -52% _03 1% 52% _05 15 06 26 -63% 02
%+ 10 1 21 -50% 14 82% §45% Q0 12 -0t 25 .85% 14 7%
Sea 03 -25 -05 16 -06 -05 -t4 74* .21 10 -10 18 04 12 04
MAT -19 .01 ~07 =33% ~WiF Lph 00 24 58% s5i% 14 -33% -16 07 01 -16
nT 00 =il ~16 -18 -34¥ 00 -09 -18 35% ¥ 19 -12 -05 ~06 14 14 5%

& N = 50 for ACT; Kk = 81

b Correlations have veen

* Significant at the .01

for all others.,
rounded to two digits a2»d the decimal point omitted.

level, COritical value 2t .01 level for Ty =.35, for rg =.28,

)



TABLE 47 .—-Means of Variables by Treatment and Task for All Subjects who Followed Instructions Phase II
Elermentary Education

Ma jors

Treatrent Dependent  Variables
Instance # of Relevant ’
Task Symbols  Sample Attributes N Task Cor #S8 Suf II %+ Seq MAT  MpT
1 Linear lLeiters ratrix Given 11 2 .82 6.18 1.00 .55 70.45 217.3 6.00 1k.91
3 .82 9.00 9t L5 70.27 223.1 2.82 6.18
2 Lipear MNumbers Iatrix Given 10 2 .70 9.50 1.00 ,50 63,20 117.3 3.50 7,20
3 60 8,50 1.00 .50 67.80 111.70 2.60 4,60
3 Linear Letters 1Linear  Given 11 2 64 8,91 .82 ,55 65.64 197.7 5.64 11,00
3 .55 8.64 1,00 .55 67.73 218.2 bL.,55 7.64
4 Linear Leiters Fatrix ot Given 10 2 .90 7,60 ,90 .70 77.70 255.6 4,50 9,00
3 .90 7.60 1,00 L,60 &:.30 261.3 2.70 8,00
5 Linear [lNumbers lairix Not Given 5 2 400 8,60 1,00 40 78460 232,0 5.20 9,40
3 .80 8,20 1,00 4o 75-%0 1440 4,80 15.20
6 Linear letters Lincar Mot Given 9 2 50 978 1.00 .67 67.33 247.0 341 10,56
78 8,56 1,00 .67 975,67 261.9 2.22 5,89
1 L B G |
7 Fatrix letters fatrix  Glven 13 g ’gz g.gg 1.00 .62 78,88 204,6 4.77 10.85
£ 0.00 1,00 .77 93,38 207.7 3,92 8.08
O tatrix letters labxix ot fven Mz 2 .8 6.8 .75 .6 65.25 217.2 2.83 6.83
75 7.50 .83 ,75 79,33 o ?.6 .0 .
SlD.a' 2 -2"'5 3.11"9 -26 .Ll’g 26!?6 a 09“’ 3'28 é.ﬂ?
5.0.3 43 3,41 .19 .49 25,03 91.10 2,58 . 7,59
& §.0, = Stzndard Depiation acress all eight treztments for Task 2. %
b 5,D, = Standard Deviation across alil eight treatments for Task 3. s



Table 48, The results of the analysis are given in Table 49. The
only effect significant at the .05 level was the same effect as in
Phase I, a decreased median selection time from the second to third task.

In Phase I, the analysis of main effects used major as a
blocking variable. In Phase II, all subjects were elementary education
majors. Thus, a one-way analysis of covariance was computed with the
MANOVA program using ACT scores as a covariate. The mean values for the
dependent variables for the subjects with recorded ACT scores are given
in Table 50, The results of this analysis are reported in Table 51.

In this analysis, the mean request time (MnT) decreases from the second
task to the third task. AdJjusted cell means for mean request time are
8.56 seconds for the second task and 6.32 seconds for the third task.

The median selection time (MaT) and sequence of selection (Seq)
differed significantly with treatment groups. The estimates of the
means adjusted for the covariate, ACT scores, are given in Table 52,
The Scheffe method of multiple comparisons was used to investigate the
effects of the changes in task characteristies., Four contrasts were
considered, one for each of the task characteristics., These contrasts
are given in Table 53.

The only contrast between task characteristics which gave a
significant effect was the matrlix presentation contrasted with the
linear presentation of inforration feedbeck during the task, The
subjects glven the matrix presentation chose positive initial instances
more often than those given the linear presentation. This might
indicate that a more compact ordered display of informatlon leads to a

more analytlc process.,



TABLE 48 ,..Means of Variables by Treatment and Task in Repeated Measures Sample of Phase II Elementary
Education Majors

Treztment Dependent. Variables
Instance # of Relevant :

Tesk  Symbols Sample  Attributes N Task Cor #S Suf II %+ Seq MAT  MnT
1 Linear Iutiers HMatrix Given 5 2 .8 9,2 1.0 A 7L 215,66 6.2 13.6
3 .8 9.l .8 6 68.4 211.8 2,8 7.2
2 Lipgear Humbers IFatrix Given 5 2 6 11,0 1,0 L 56,8 125.6 4,0 7.2
3 oL 9.4 1.0 A 67,4 1144 2,6 4,2
3 Linear Letters Linear Given 5 2 5 6.4 6 .8 74,6 190,0 8,6 14,2
3 6 7.6 1,0 .8 66,2 200,0 7,0 12,0
L, Lipnear ILetters latrix Not Given 5 2 1.0 6.8 1.0 .8 89,2 263.2 4,2 5.8
3 |8 6-8 1-0 .8 8902 290.0 2413' ’-hli
5 Linear Humvers lMatrix Not Given 5 2 i 8,6 1.0 6 78,6 232,0 5.2 9.4
3 .8 8.2 1.0 6 754 14,0 4,8 15,2
6 Linear Letters Linear Not Given 5 2 .8 8.4 1.0 .8 79.4 260,00 3.2 10,8
: 3 1.0 7.2 1,0 .8 89,2 260.0 2.4 L,6
7 Matrix lLetters [Matrix  Given 5 2 .8 9,0 1,0 A 72,6 206.6 4,2 10.8
3 .8 6.4 1,0 .8 84 220,00 3.6 12.6
8 Matrix Letters latrix Not Given 5 2 .8 6.8 .8 6 59,6 229.4 1.8 6.6
3 1.0 7.8 .8 5 _79.4  280.8 2.2 D2

lgg



TABLE 49,~~Treatment by Task Analysis of Variance of Performance
Measures with Repeated Measures across Tasks: FPhase II
Blementary kducation Majors

Error
Varizbvles Source Term af MS F
Cer G{treatment) Pu.G2 7,32 26 .89
T(task) PIw.G 1,32 .05 .50
GT PTw.G 7,32 i1 1.07
# 8 G Pw.C 7,32 13,88 .72
7 PTH.G 1’32 3.61 192
GT PTw.G 7,32 L,27 1.08
T PT‘f‘G 1’32 101 OI'J'O
GT PIw.G 7,32 07 223
I1 G Py.G 7,32 .23 1,59
T I}TW.G 1,32 ¢11 111
GT PIw.G 7,32 .06 <39
% + G Pu.G 7,32 783,00 67
T PTW.G 1 '32 43?. 00 1 014'1
GT PTu.G 7,32 234,00 “ 76
Seq G Pu.C 7,32 25122,50 2,11
T Pq‘W'G 1'32 161 000
GT PTw.G 7,32 4115.50 2,22
MAT G Pu.G 7,32 31.54 1.08
T PI‘H-G 1 .32 280 80 “—. ?9‘
GT PTw.G 7,32 3.26 . G4
MnT G Pu.G 7,32 106.20 .85
‘ll PTW'G 1'32 52,80 1!55

& Py,G = Person within Treatnment Group.

* Bignificant al the .05 level, Critical values for Fp o5 =2.32;
F1'32 e 4,15,



TABLE 50 +~-Neans of Variables by Treaiment and Task in Sample Used for Analysis of Covariance Phage II
Elementary Education Majors

Treatment Upvendent  Varisbies
Instznce # of Relevant .
Task Syrools Sample Attributes N Task ACT Cor #5S Suf II %+  Seq  M4T MrT

1 Linear L‘dttﬁ:‘: Eia.trix Gi\’en 5 5? 2 e 6’0 9. 60 1 .0 . L"O 63 . 20 2200 4 1 [ 80 1 #] . L!»O
' .80 9.80 .8 .20 60,20 212,2 2.40 5,00

2 Lipeay Numbers Matrix Given 5 0 .40 59.00 12t,2 4.20 5,60
0

40,6 .60 9,80 1
1 A0 67.50 115.0 2,80 14.20

L0 8,00
3 Linzar Letters Linear Given 8 50 64,25 203.1 3.25 7.75

4.6 .7510.42 1
1 .50 70.38 225.0 2.88 4,50

.50 8,88

L Linear Letters MHatrix Yot Given 9 60,2

0
0
.89 7.41 .9 ,78 80.78 256.,2 4,56 9.22
.89 7.11 0 .67 88,11 257.0 2.89 8,22

37.5 .25 9.25 1.0 .50 73.50 215.0 5.25 8,75
.75 7.25 1,0 .50 8t,75 150.0 L4,75 15,50

5 Linear Numbers HMatrix Not Given

(04]

6 Linear Letters Linear Not Given 5.0 .50 10,25

0 .62 63.38 280.4 2.75 10.25
.75 8,88 1.0

62 72,75 257.1 2.12  5.62
7 latrix Letters tatrix Given 5 50.8 .80 8,00 1
1

0 .40 80.00 202.6 &4.20 10,80
.80 5.60 1,0

.80 99,00 180.0 4,40 5,60

8 Iatrix Letters Hatrix Hot Given 6 45,5 .83 8,00 1,0 .83 80,83 270.0 2.33 5.33
1.0

.83 7.67 .83 82.67 237.3 1.67 L4.,17
2ol 6 W6 3.9 b .50 2841 83,6 1.92 5,58

I~
3]
-
O OWwWh WD WN W W W WD W

2 35,D, = Standard Deviation across all cells,

. 68
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TABLE 51.--Treatment by Task Analysis of Covariance of Performance
Measures with ACT Scores as Covariates Phase II

Elementary Education Ma jors

Error
Variable Source Term df NS F
Cor GEtreatment) Subj w, GI' 7,83 20 =1
T(task) Subj w. GT 1,83 Ol .19
GT Subj w, GT 7,83 W17 .78
# S G Subj w. GT 7,83 14,92 1,49
T Subj w, GT 1,83 26,01 2,60
Gr Subj w. GT 7,83 2,68 .27
Suf G Subj w. GT 7,83 02 1,04
T Subj Wae GT 1.83 100 0'00
GT Subj w, GT 7,83 02 1,12
I1I G Subj w. GT' 7,83 .35 1.35
P Subj w. GT 1,83 ,00  ,00
GT Subj w. GT 7,83 .08 31
o o+ G Subj w. GT 7,83 i217.16 2,09
T Subj w. GT 1,83 1267.35 2.13
GT Subj w. GT 7,83 103.40 1.17
Seq G Subj wv. GT 7,83 30076.,51  4,85%
T Subj w, GT 1,83 1056,19 .17
GT Subj w. GT 7,83 2167.,88 «35
MaT G Subj w, GT 7,83 11.81  3,17%
T Subj we GT 1,83 10.24 2.74
GT Subj w. GT 7,83 1.73 A6
MnT G Subj w, GT 7,83 56.57 1.80
i\ Subj w. GT 1,83 125,44 3,9G%
T Subj w. GT 7,83 35.35 1.12

* Significant at the .05 level.



TABLE52 «—-Means of Varlables by Treatment and Task Adjusted for Analysis of Covariance with ACT Scores
as Covariate Pnase II Elementary Eduvcation Majors

om
4 ¥

rastment Dependent  Variables

Instance i of Relevant -
Task Symbels Sample Atiributes N Task ACT Cor #8 Suf II %+  Seq MAT MnT
1 Linear Letiers Hatrix Given 5 2 57.2 .58 9,8 1,0 .40 62,21 23,1 1,81 10.45
3 .78 10.00 .8 ..20 59.21 222.9 2.4 5.05
2 Linear Numbers lMatrix Given 5 2 40,6 .62 9.64 1.0 .40 59.80 112.,6. 4,19 5.56
3 A2 7.8 1,0 L0 68.20 106.4 2.79 4.16
3 Linear Letters Linear Given 8 2 4.6 .77 9,99 1,0 ,50 64,98 195,7 3.2 7.72
3 .52 8,74 1,0 .50 71,06 217.,6 2.8y 4,47
L Linezr Leitters Mlatrix Not Given 9 2 60,2 .86 7.38 .9 .78 79.47 270.4 4,56 9,28
3 .86 7.38 1.0 67 86.80 271.2 2,90 8.28
5 Linecar Numbers Matrix Not Given {3 2 37.5 .28 9,02 1,0 .50 74.63 202.8 5.2t 8,70
3 .78 7.02 1.0 50 B82.88 137.8 L,74 15,45
6 Linéar Letters Linear Not Given 8 2 45,0 .51 10.18 1.0 .62 63.70 236.9 2.75 10.23
3 .76 8.8t 1.0 62 73.07 253.6 2,12 5.61
7 Yetrix ZLetters Matrix Given 5 2 50,8 .79 8,06 1,0 .40 79.70 205.8 4,20 10.82
3 079 5.66 1;0 .80 980?0 183.2 4.40 ’5062
3] I':a.'trix Letters Matrix liot Given 6 2 L"Sc 5 . B4 Te 914' 1.0 . 83 81.10 26? Jd 2. 33 50 32
3 B8 7,61 1.0 .83 82.9% 23t.4 1,66 4.15
S.D.B 24,6 A6 317 b .51 248 78,7 1.93  5.61

2 5.D. = Standard Deviation across 211 cells,

.68
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TABLE 53,--Task Characteristics by T&eatmenf Group Constants for Scheffe
Contrastst Phase Il.Elementary Education li jors

Treatment Groups

1 2 3 by 5 6 7 8

Number of Relevant

. Attributes Given HE 4 # 1 -1 -1 M A1
Matrix in Sample s SR o A T o N v R B o R v |
Letters used for .

Instances ¥ -3 H H 3 H M H

Matrix presentation
in Experimental Task -1 -1 1 1 -1 -1 43 43

& 4 indicates task characteristics present,
-~ indicates task characteristics not present,

Pair wise Scheffe compérisons were computed on those variables
which ylelded a significant treatment effect across all eipght treatment
groups. The comparison of the largest mean, 4,99 seconds, with the
smzllest mean, 2.00 seconds, for the median selection times showed no
significant difference at the .05 level. The pair wise comparison of
the largest mean 270.77, with the smallest mean, 109.49, for the
sequence of selections showed a signlficant difference at the ,001 level.
The largest mean was the treatment in which the subject recelved
instructions in a mairix, was told the number of relevant attributes,
task feedback informztion in a linear form and instances denoied by
numbers, The treatment in which the smallest mean for the sequence of
selections occurred differed in that the number of relevant attributes
was not glven and instances were denoted by letters. The second smallest

mean was the other ireaiment in which instances were denoted by ietters.
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A sequence of selections with a low score indicated an instance~centexred
sequence. These results indicated that subjects may prefer to make
selections in which the dimensions denoted by nurbers is held constant

while the dimensions denoted by letters is altered.



CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This study identified patterns in selections made by subjects
during tasks in attaining a concept. The tasks were administered and
performance measures were collected at on-line computer terminals, These
measures included the correctness of the solutlon given by the subject,
number of selections, nature of initial instances selected, percentage
of positive instances, sufficlency of information obtained by the
subject prior to giving hypothesis, the sequence of selections, median
selaection time and mean request time for each task.

The study was conducted in two phases. In Phase I, elementary
teacher educatlon and secondary science teacher education ma jors were
given the tasks in two treatments, matrix or linear presentatlon of
information feedback to the selections made, The major emphasis of
Phase I was the identification of patterns and the relationship of
these patterns to individual characteristics, In Phase II, only
elementary teacher education students were given the tasks in eight
treatments by varying four task characteristics. The four task
chﬁracteristicg weret 1) matrix or linear presentation of sample task;
2) number of relevant attributes given or not given; 3) symbols used
for instances were letters or numbers; and L) matrix or linear present
presentation of information feedback io zubject's seleetions during the
taske The major emphasis of Fhase 1l was o study of the effects of

92
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varying the task characteristics.

Eighty~six percent of the secondary science teacher education
and fifty-~six percent of the elementary teacher education majors,
followed instructions corréctly. The subjects who did not follow
instructions correctly were not included in the analysis of results due
to insufficient data. Correlations among the ability to following ins
instructions, major and ACT scores of the subjects was significant at
the .01 level for Phase I, This finding provides support to the
finding of Osler and others (1962) that intelligence measures are rela
related to the following of instructions, In Phase II with only
elementary education majors, no significant correlation was found
between following instructions and ACT scores, This indicates that the
abllity to follow instructions may be related to the major fleld of
interest or prior experience of the subject as much or more than the
general intellligence of the subject.

The patterns of selections made by the subject were identifled
in terms of the sequence of selectlons made and the percentage of posi
positive instances selected. The sequence of selections was a measure
of the consistency with which the subject varied the selection of attir
attributes or instances, If a subject selected the differe;t attributes
within one instance, this sequence was classified as instance-centered.
If a subject selected one attribute across different instances, this s
sequence was classified as attribute-centered. The varylng percentages
of positive instances selected were categorized as analytic or global
patterns., Subjects using an snalytic pattera seleseted only positive

instances, In Fhase Il with only elementary education rajors, no
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significant correlation was found between following instructions and
ACT scores, This indicates {hat the ability to follow instructions in
a sclence-related task may be more related to the major field of interest
of the subject than to the general intelligence of the subject.

The sex of the subjects was not correlated significantly with
any of the measures except that of major. Females were more likely to
be elementary education majors.

The patterns of selections made by the subject were identified
in terms of the order of selections made In attributes and instances
and the percentage of positive instances, Subjects used attribute-
centered or instance-centered sequences conglistently from task to task.
Subjects also used analytic or global patterns consistently,

‘The measure of the sequence of selections indicated a dichotomous
measure since most subjects either varied instances or varled attribuies
consistently but not both. MNost subjects either used an anlaytic or
global pattern of selectlions in choosing only positive instances ox
positive and negative lnstances equally.

The subject who used an analytic pattern began the obtalning of
information from a positive instance indicating a pre-selection intent
to select positive instances. These subjects also used significantly
fewer instances to yeach the solution to the task and reached the
correct solution more often than subjects who used a global pattern.

The subjects who used an analytic pattern also tended to require more
time to make selections indiceting a more fhoughtful anpreach to making
selections. The tendency while proceeding from task to task wes for

most subjects to maintain the patterns used but ¥ any changes vwere made
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in patterps they were toward analytic patterns,

The effect of changes in task characteristics was very limited.
No effect was causéd by matrix or linear presentations of the sample
task instructions. This supports the general finding that instructions
have little if any effect on performance measures,

The effect of presenting more information by giving the number
of relevant attributes was not significant although some evidence
indicated this made the task easier and a lower number of selections
were required to find the solution,

The effect of changing the sym®ols used for instances and
attributes did seem to make a difference in the sequence of selections.
Subjects tended to vary alphabtetic symbols more frequently than varylng
numberic symbols,.

The-presentation of the feedback in a matrix form to the subject
following selections did tend to make the task easier in that the
subjects solved the task correctly more often with the matrix
organization than the linear presentation.

The effects of presenting a series of tasks was significant in
that the first task was handled differently than the latter tasks by the
subjects. "“he first task acted as a practice task after which the
subject "settled doxn" to the task. The time required to make requests
and decisions did decrease across tasks.

Recommendations for Further Study

Task Characleristies

The serles of three tasks could be extended to several more

tasks, This would permit changes in the tasks presented to each
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individual after several tasks have baen presented to study effects
within individuals, The extension of the series of tasks could be made
over a lengthy period of time to study changes in performance over
time. This would be particularly significant with the study of
younger children in the developmssntal years.

The large number of subjects who did not follow instructions did
not contribute data as to their selection patterns. It might be
hypothesized that these subjects were in some way different than those
subjects who followed 1nstructions. To obtain more information, more
practice tasks and more explicit feedback to exrors might be provided
wntil all or alrost all subjects made valid selectlons before proceeding
to the experimental tasks,

The use of tasks which are more realistic in that actual
materials or substances are simnuwlated would be useful in extending the
conclusions to an instructlioral setting,

Individual Characleristics

The background of the subjects taking tasks as used in this
study might me more fully examined. FParticular emphasis should be
placed on obtalning cegnitive style or personality measures on the
subjects, Some measure of the familiarity of the subject with the
experimental task should be incorporated in a study of tasks which
relate Lo prior expsrience. The age of the subject might have a
significant effect on the patterns which a subject would use. The
admninisteation of tasks of concept-attainment to subjects of widely
varied ages would provide information on thig effect. The use of an
on-line computer texminrzl would te very useful in repreducing tho same

treatments in a wilde varisty of sitwations and permiiting random
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selection of programmed task characteristics and assignment to
treatments randomly.

Pertformance Measures

The performance measures used in this study might be modified
to provide more information. The selection and request times might be
extended to include readiﬁg time of Insiructions for each subject and
some information on computer delays in feedback, The sufficiency of
information obtained might be extended to provide information on the
amount of redundant information obtained. This would be selections made
following the obtaining of sufficient information to find the correct
solvtions, This sufficient information couvld be separated into the
information required to exclude irrelevant attributes,; thosec not
matching on positive instances, or to include relevant aitributes,
those matching on positive instances. These measures might be taken as
a measure of the efficiency of a subject's patterns,

Implications

The lack of effects due to instructions should lead to a
careful consideration of the amount and type of raterials writien as
instructions for problems or tasks in concept-aitainment, This
should be evident especially with respect to computer-administered
instructions which may be costly in time and fimainces. More effert
should be made in providing practice on tasks than written instructions
on how to do the task,

The tendency for the matrix form of feedback following the
subject's selections suggests a need to develon compact and organized

vresentation of inlormation.
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The evidence of consistent patterns for subjects in
seleciing information suggests that the amount of information
available to a subject in attaining concepts should be varied. The
subject who uses an analytic pattern might not require many examples to
attain a concept while a subject who uses a global pattern might require

a larger field of observation from which to attain concepts.



APPENDIX

COMPUTER ASSISTER INSTRUCTION
STUDENT USE SHEET
(fn vmp)

University Course - Instructor * Student's Kame

Student Nurber CAl Coursc Name 4-Digit D Kumber

INSTRUCTIONS FOR CA@ SYSTEM USE

1. Turn on the typewriter terninal!l
2, Be sure the switch on the lower left of the table is on COM,
3. Using the DATA phone:

a. Press the TALK button,

b. Dial 2-3600,

c. Lhen you hear a high-pitched tonc, press the DATA button.
d. Replace the receiver, .

4. Using the typewriter terminal:
SRMAYAA R bt APt b b ARl oAt dR A RN R P et rA RN
* KWARNING: Use the Nusbers on the top row of the ¢
* Keyboard for Nusbers. Do NUI use the capital *
* letter O for :zeroj nor, the dowcr-case 1 (L) .
* for the nurher [one) 1. *
FhaneahbrbdbvdadebdtrnidddddinbddanrrinaddRaddtandd
a. FIRST: type: (then, press the "RETURN' key),

b. SECOXD: type the terninal 1D (located below the space bar}; then, press the
YRETURN' hey. If no terminal ID is available, type the name of the
building, where you are located, and, then, press the 'RETURN' key.

EXAWMPLE:  IMO)

e. TMURD: when asked for your d-digit I} number, type , then, press the
YRETURN! key. A

5. When you finish }nur CAL session, turn OFF the typewriter terminzl and the slide
projector (if uscd).

6. Report difficultics to the lecal €Al aide or call 2-9821. (Use a phone other than
your DATA phone, if possible}

7. If the vypewriter stops for a minute or twe, while you are working; then, the system
may have failed, Call 2-9821 to verify a system failure. To resume working, you
must redial (2-3600) to establish commupication with the computer.

artaanndridnstasadadibripbadaantddareid
* BRING THIS SHEET WITH YOU EACH TIME *
* YOU RETURN TO UL TERMINAL, PLEASLCY *

(2 I R NN A N R RN R Y N R L AR RN S RN LR
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ANALYTICAL TECHNIQUE

COMPUTER SIMULATION

This activity presents a computer simulation of an analysis

type problem. It is intended to provide practice in solving prob-

lems involving the identification of differences in the properties

of materials.,

The following items should be noted carefully:

Computer terminals for CAIL are available in several locations
across campus. Sign up sheets for terminal use also are avail-
able. '

196A Arps Hall 215 Main Library
112 pental Building 353 Lincoln Tower
108A Cunz Hall West Campus Learning

Resources Center

If at any time you have difficulty, contact the CAL ailde at
the terminal location or Tom Smitk in 252 Arps Hall,

It is recommended that you use terminals between 8:00 a.m,
and 5:00 p.m. on weekdays because CAI aides are on duty at
these times only.

If you have not used a computer terminal previously, it is
recormended that you sign on a demonstration program by typing
§2/demo and spend some time with this program.

After looking at "demo*" or if you have used a computer terminal
previously, follow the instructions on the attached sheet care-~
fully for Ycmatid.”

The program requires approximately thirty minutes but may take
slightly longer. You should attempt to finish the program at
one sitting.

In order to coumplete the assignment, the paper from the entire
program printout should be turned in to cither 336 Ramseyer or
Tom Swith in 252 Arps by April 21.
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