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EXECUTIVE SUMMARY

This review of literature concerning cognition related to teaching and learning explores
why cognitive theory and research are relevant to vocational education: (1) the need foreducation to be responsive to a changing environment, student needs and characteristics,
and democratic values; and (2) the potential to guide educational practice.

Definitions of cognition suggest that knowledge, thinking, and learning are all components
of it. Three theoretical perspectives are explored:

Information processing--how the human mind takes in information and processes
and structures it

Knowledge structures--how knowledge is represented and organized in the mind

Social history--social context as a central factor in the development of higher mentalfunctions

These three theories underlie cognitive theory-based curriculum and instruction in termsof purpose and goals, assumptions about teachers and learners, choice of instructional
processes, and assessment of outcomes. Examples of the three perspectives in vocationalcurriculum and instruction are examined, as well as research in the following areas:(1) understanding, describing, and documenting instruction; (2) instructional development
and design; and (3) the effectiveness of instructional approaches and methods. The review
suggests that instruction supporting higher-level cogaitive processes is a possibility and areality in vocational education. The paper offers a synthesis of the following dimensionsof instruction based on cognitive theory: aims of instruction, learning environments,1,-arning, learners, and teaching.

Instruction based on cognitive theory leads away from traditional methods. Similarly, as-sessment of the resulting learning tends not to be based on traditional evaluative ap-proaches. Although development of cognitive theory-based approaches to assessment haslagged behind instructional development, a more fundamental problem is the purposes andmeanings of assessment. For example, emphasis in cognitive theory on self-monitoring andself-assessment raises the issue of shared control of assessment. Other difficulties arise incomparing vocational and academic education and in interpreting the outcomes.

As cognitive theory generates new understanding of thinking, learning, knowledge, teaching,and assessment, some suggest the need for major changes in educational methods, perspec-tives, and institutions as well as in cultural patterns and structures. Barriers to thesechanges are apparent:

vii
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For the most part, vocational education research does not focus on teaching-learning
processes.

Teachers are not prepared in methods that support knowledge construction bylearners.

School structures isolate students from experience that leads to cognitive developmentand raise barriers for teachers attempting cognitive theory-based instruction.

Educational leaders and policy makers need to examine basic beliefs about theteaching-learning environment.

The broader culture does not demonstrate that thinking is truly valued.

Many arguments for the value of higher-level cognitive capacities support the role ofvocational education in their development. The following recommendations can helpvocational education fulfill its role:

Support for development of cognition in early childhood

Real-world experiences that support cognitive development

Changed mind sets about assessment and its materials and procedures

Systematic programs of research linking cognitive theory to vocational education
This literature review includes a 200-item bibliography. Information on cognitive theoryand vocational education may be found in the ERIC system using the following descrip-tors: *Cognitive Development, *Cognitive Measurement, *Cognitive Processes, CognitivePsychology, Cognitive Structures, Educational Change, Educational Research, *LearningTheories, Problem Solving, Social History, *Thinking Skills, *Vocational Education.Asterisks indicate descriptors that are particularly relevant.
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INTRODUCTION

The purpose of this document is to review
the vocational education literature con-
cerning cognition as it relates to teaching
and learning, especially literature since
1980 that reflects the influence of cogni-
tive theory. Because a comprehensive re-
view of the broader cognitive literature is
beyond the scope of this document, and
because the intended audience for this
publication is vocational education re-
searchers, teachers, and policy makers, the
document is structured around the voca-
tional education literature. Connections
to the broader cognitive literature are
made in relation to the vocational educa-
tion literature rather than the other way
around. Exceptions to this pattern occur
twice, in the second and third chapters, in
which alternative cognitive theory perspec-
tives and their implications for research
and education are briefly outlined. Other,
already available documents have as their
primary goal a review of the broader base
of cognitive literature and its implications
for vocational education (Laster 1985;
Raizen 1989; Thomas and Litowitz 1986).

Interest among educational researchers in
cognitive theory has burgeoned since 1970.
Despite intense efforts in some areas of
education to apply what has been learned
from cognitive theory to curriculum and
instruction, few such efforts have been
evident in vocational education. Because
the work in vocational education has been
limited, synthesizing and bringing coher-
ence to the current state of knowledge re-
garding applications of cognitive theory to
vocational education is a less reasonable
goal for this review than is stimulating
interest in and illustrating and outlining
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possibilities for cognitive theory-based
research and practice in vocational educa-
tion. Consequently, this review reflects an
attempt to bring together cognition-
focused conceptual and research literature
regarding teaching and learning in voca-
tional education in a way that will encour-
age further exploration of cognitive theory
by teachers, researchers, and policy mak-
ers concerned with vocational education.

The emphasis in this review is on cogni-
tion-related vocational education literature
of the 1980s and 1990s that exists in the
ERIC database and in vocational educa-
tion-related journals. Vocational educa-
tion theses and dissertations are included
to the extent that the author could obtain
access to them. The large volume of re-
search that relates cognitive theory to
technical education is not reviewed here,
although references to that literature are
made. Reviewed in some detail is
research identified within these
parameters that reflects explicit use of
cognitive theory and that involves in-depth
probing into the nature of cognition and
cognition-focused instruction. Documents
that are not reports of research and
research that is tangential to the cognitive
theory perspectives described in chapters
two and three are given more limited
attention.

The literature for the review was selected
in the following manner. A search of the
ERIC database was made to select docu-
ments with the key words vocational edu-
cation and cognition. In addition to the
documents identified through this search,
issues since 1980 of two major vocational
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education research journals, the Journal of
Vocational Education Research (JVER),
and the Journal of Vocational and Techni-
cal Education (JVTE) were searched for
cognition-related articles. In addition, all
JVTE-published lists of completed voca-
tional education research were searched
and relevant items obtained. Three voca-
tional education researchers known to be
conducting cognitive theory-related re-
search and advising student research in
this area were also contacted and asked to
provide relevant theses and dissertations
and to identify literature that may have
been missed by the procedures described.
Selection of items from the broader cogni-
tive literature was based on the author's
judgment and on recommendations from
four peer reviewers of the manuscript.

Why Are Cognitive Theory and Research
Relevant to Vocational Education?

Arguments that cognitive theory and re-
search are relevant to vocational educa-
tion focus on educational problems and
solutions. Problem-focused arguments
concern the need for education to be
responsive to a changing environment, to
student needs and characteristics, and to
democratic values. Solution-focused argu-
ments concern the potential of cognitive
theory and research to guide educational
practice.

Problem-Focused Arguments

During the past decade, education in gen-
eral has come under attack from critics.
Criticisms have been expressed in numer-
ous reports, position statements, and
policy papers. These documents, which
focus largely on K-12 education, argue
that schools are falling short in fostering
capacities needed by students for the kind
of environment in which they will live, in
meeting the needs of all students, and in

reflecting democratic values. Many who
argue that cognitive theory and research
have relevance for vocational education
(Champagne 1986; Laster 1985; Mauter
1988; Pucel 1984; Raizen 1989; Schmidt
1985) justify their claims on the basis of
these documents:

The Information Society: Are High
School Graduates Ready? (Gisi and
Forbes 1982)
Skills in the U.S. Work Force (Center
for Public Resources 1982)
The Paideia Proposal: An Educational
Manifesto (Adler 1982)
A Nation at Risk: The Imperative for
Educational Reform (National Commis-
sion on Excellence in Education 1983)
High School: A Report on Secondary
Education in America (Boyer 1983)
Action for Excellence: A Comprehen-
sive Plan to Improve Our Schools (Edu-
cation Commission of the States 1983)
A Place Called School (Goodlad 1984)
Horace's Compromise: The Dilemma
of the American High School (Sizer
1984)
High School arul the Changing Work-
place: The Employer's View (National
Academy of Sciences 1984)
The Unfinished Agenda: The Role of
Vocational Education in the High
School (National Commission on Sec-
ondary Vocational Education 1984)
Investing in Our Children: Business and
the Public Schools (Committee for
Economic Development 1985)
Teaching Thinking and Reasoning Skills:
Problems and Solutions (Pauker 1987)

Themes similar to those pervading these
documents are also evident in arguments
appearing in the vocational education lit-
erature that imply or directly state that
cognitive theory is relevant to vocational
education. These arguments are outlined
here in relation to the themes.



Need for more highly developed cognitive
capacities in a changing environment.
Problem-focused arguments concerning
why cognitive theory is relevant to voca-
tional education point to a changing envir-
onment, especially to changes in social,
economic, political, and technical contexts.
These arguments emphasize three envir-
onmental trends and their implications for
cognitive functioning at work and in other
aspects of everyday life. These three
trends are increased complexity, increas-
ingly rapid change, and increasing eco-
nomic competition. They have been de-
scribed as pervasive within as well as
beyond Western societies (Bailey 1990;
Fam and Luan 1984).

Thomas and Litowitz (1986) make a com-
plexity-focused argument asserting that the
information age has increased the cogni-
tive demands for dealing with greater
?mounts of more complex information.
As a result, people need to be able to
(1) select from a large array of informa-
tion that which is relevant, (2) process
information in systematic ways, (3) recog-
nize where gaps and problems exist with
respect to available knowledge and one's
own processing of it, and (4) take action
that addresses those gaps and problems.
The need for these capacities is not
limited to exotic and unusual functions,
but extends to ordinary, everyday life
activities of people at home, at work, and
in their communities.

Others have focused their arguments more
specifically on work. Stasz et al. (1990)
report that technologies that allow auto-
mation and computerization of some job
functions have contributed to increased
complexity of work by broadening the
scope of skills and functions covered with-
in a single job. Bailey (1990) reports
increasingly complex structure and organi-
zation of firms and markets. One implica-
tion of increasingly complex work tasks
and contexts is that, in many cases, an
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array, extent, and complexity of knowledge
are required by workers that only a group
(as opposed to an individual) can possibly
possess (Resnick 1987).

In addition to becoming more complex,
the environment is changing rapidly. Con-
sequently, the future is less predictable
and more uncertain. Evidence of this in.,
creasingly rapid change is apparent in the
emergence of new forms and varieties of
social institutions and organization. For
example, in the United States and many
other countries, especially highly indus-
trialized societies, family and community
composition and structures have changed
dramatically since 1950. Similarly, rapid
change is creating a need for different
organizational structures at work, and flat-
ter structures that allow information to be
shared quickly are emerging (Bailey 1990:
Raizen 1989). These flatter structures,
along with work groups, are broadening
the scope of interaction and collaboration
among workers having diverse functions
and backgrounds (Bailey 1990; Berryman
1991; Resnick 1987; Secretary's Commis-
sion on Achieving Necessary Skills 1991).
This, in turn, is a factor in the increasing
complexity of work. Rapid change is also
evident in the need experienced by people
of all ages to make several major career
changes throughout their lives. In the
face of such frequent and dramatic work
and life changes, people need to be able
to detect, understand, and resolve unfa-
miliar problems. Doing so requires con-
tinued learning throughout life and using
skills and knowledge flexibly (Bailey 1990;
Champagne 1986; Franz 1983; Kerka
1986; Laster 1985; Miller 1990; Raizen
1989).

In addition to increased complexity and
rapid change, an increasingly competitive
economic context is creating a need for
careful, well-informed decisions aho at
what should be produced and for fast,
efficient production that results in high



quality goods and services. At the same
time, increasing concern about the envir-
onmental consequences of production pro-
cesses is placing new constraints on such
decisions and production processes.
These challenges are heightening the
importance of well-developed cognitive
capacities at all organizational levels
(Chantrill 1990; Kerka 1986; Stasz et al.
1990).

Need for education to be responsive to all
students. Problem-focused arguments
concerning student needs reflect the view
that schools need to serve all students,
that different students have different
learning needs, that cognitive factors are
central in these needs, and that schools
have not sufficiently attended to what
helps all students learn. One argument
points out that vocational education serves
a large portion of students who experience
learning difficulties because their back-
ground or experience may not have pre-
pared them well for learning in terms of
basic cognitive development (Garner
1986). Such students may or may not be
classified as special students (Hartman-
Haas 1981; Miles 1981). Difficulties with
thinking and learning are believed to re-
sult from lack of grounding in essential
cognitive prerequisites (Feuerstein et al.
1991). Many cognitive capacities, or the
prerequisites for their later emergence,
have their roots in the early years of life
and depend for their development on
early experiences in supportive home and
school environments (Browning and
Greenwald 1990; Champagne 1986;
Garner 1986; Sellwood 1989). Although
most young children's cognitive capacities
develop through everyday experiences with
objects, people, and concepts, children
who grow up in starkly impoverished
home environments are likely to have
fewer opportunities for development-
enhancing experiences. Cognitive prere-
quisites are believed to be at least par-
tially remediable through education that

supplies missed opportunities for cognitive
development (Feuerstein et al. 1991).
However, Allington (1991) contends that
the kind of education many students re-
ceive in school does not provide such
opportunities.

Other student need-focused arguments
contend that students differ in the way
they learn and, consequently, different
students need different learning environ-
ments to learn best. Drawing on three
major national reports that support the
importance of thinking and learning in the
current and future workplace, Champagne
(1986) suggests that, even though many
policy makers believe that science and
mathematics are the best places to devel-
op learning and thinking processes, voca-
tional education might be as good a place
or better for some students to develop
these capacities. For groups who do not
enroll in science and mathematics, and for
learners who do better with thinking in
the context of real life situations, empha-
sis in vocational education on thinking
and learning processes may be especially
important.

Instruction that produces under-
standing explicitly links physical
operations to mental ones and
makes students aware of how pro-
cedures learned in one context can
be applied to other contexts. Pro-
cedures and concepts are the foun-
dation for problem-solving and rea-
soning skills. These are embedded
in practical, everyday situations and
operations such as measuring, cut-
ting, and mixing materials--con-
texts and operations that are inte-
gral to the curriculum of vocational
education. For many students who
have experienced failure in tradi-
tional science and math courses,
the vocational education context
might well be the context in which



thinking skills can best be learned.
(Champagne 1986, P. 14)

In a similar vein, Pucel (1984) also argues
that vocational education is a place where
better learning can occur for some stu-
dents. He suggests that teaching ap-
proaches used in academic classrooms fit
with the way some students learn best and
that other students learn best through
methods emphasized in vocational educa-
tion. Pucel contends that these differ-
ences among students are due less to vari-
ations in intelligence than to variations in
learning preference.

Need for education to reflect democratic
values. Some problem-focused arguments
reflect the belief that schools should more
adequately reflect democratic values and
that cognitive capacities are relevant to
those values. For example, some suggest
that national interests supersede those of
the individual in schools (Fam and Luan
1984), even though better thinking capa-
cities should make for a better life for
both the individual and the society
(Hartman-Haas 1981; Osborne 1988).
Nickerson (1987) reflects this tension
when he questions whether, beneath all
the rhetoric advocating the importance of
thinking, critical thinkers are truly desired
by educators, industry, and the society.
This ambivalence regarding support of
thinking as an aim of education is re-
flected in arguments frequently offered
against such an aim (Miles 1981):

The stages of cognitive development
cannot be hurried.
We do not know how to teach thinking
skills.
Reading, writing, and arithmetic (the
"real" basic skills) should take priority
over thinking skills.
It takes too much time.
It asks too much of already overbur-
dened teachers.
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We or you are not the right group to
teach thinking skills.

The latter argument is one that vocational
teachers may themselves believe and one
that they may have heard from others.

Solution-Focused Arguments

In contrast to problem-focused arguments
that concern relationships between cogni-
tive capacities and challenges faced by
individuals, the society at large, and
education, solution-focused arguments
concern contributions that cognitive theory
and research can make in helping educa-
tion and, more specifically, vocational
education, address the challenges. For
example, some have argued that rapid
change necessitates teaching general cog-
nitive skills in vocational education on the
grounds that they will be more transfer-
able than more specific knowledge and
skills (Raizen 1989; Stasz et al. 1990).
Others assert that, because complex kinds
of work requiring well-developed cognitive
capacities are becoming more pervasive
and unskilled jobs are disappearing, cogni-
tive theory-based models of instruction are
becoming increasingly appropriate for an
increasing proportion of occupations
(Moss 1981; Raizen 1989; Secretary's
Commission on Achieving Necessary Skills
1991; Stasz et al. 1990). Raizen (1989)
argues that the shift in the nature of work
toward greater reliance on cognitive capa-
cities makes the critical features of many
jobs less accessible to direct observation
than in the past. Because of this, there is
a need for cognitive theory-based models
of instruction that make cognitive features
of occupations more explicit.

What is different about cognitive theory-
guided educational practice? Resnick
(1989) contends that "current cognitive
theory emphasizes . . . aspects of learning
that . . call for forms of instructional
theory very different from those that grew
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out of earlier associationist and behavior-
ist psychologies" (p. 1). Cognitive theory
is viewed as providing deeper and more
adequate understanding of intelligence
and learning. For example, as a result of
cognitive theory, intelligence is coming to
be viewed as having multiple facets and
dimensions (Gardner 1983; Perkins 1987)
and as more subject to modification than
previously thought (Kerka 1986). Gardner
(1983) identifies seven domain-related in-
telligences. Sternberg and Wagner (1986)
emphasize three components of intelli-
gence: contextual intelligence, thinking,
and dealing with novelty. These multi-
dimensional perspectives suggest that one
can have more of one kind of intelligence
than another. Similarly, learning is no
longer viewed as absorbing someone else's
(usually, the teacher's) intact knowledge.
Instead, learning is a process of actively
constructing one's own knowledge (Laster
1985; Resnick 1989; Thomas and Englund
1990). Context is coming to be seen as an
important factor influencing both how
knowledge is constructed (learned) and
used (Rehm 1987; Schön 1983; Scribner
1984; Sternberg and Frensch 1991). It is
also becoming apparent that capacities to
think deeply and well and to transfer
learning from one problem or context to
another are not necessarily a natural
byproduct of learning content, as educa-
tors have sometimes assumed (Larkin
1989; Nickerson 1987; Osborne 1988;
Resnick 1989; Ruggiero 1988; Swartz
1987; Thomas 1986). Relationships be-
tween thought and action are becoming
better understood and learning of actions
is perceived as aided by careful attention
to their cognitive origins (Moss 1981;
Thomas 1986, 1988b).

Others have questioned whether enough is
known about thinking to be able to facil-
itate it and have cautioned that under-
standing may not be deep enough to pre-
vent actions that might have more nega-
tive than positive consequences (Wasser-
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man 1989). Wasserman states that think-
ing is complex, highly varied in its forms,
and eludes control, and that experts do
not agree on what constitutes thinking.
She cautions educators to be wary of sin-
gle perspectives cin what thinking is on the
grounds that by limiting their view of
thinking too much, they may require that
learners' thinking conform too much to
their view. As a consequence, they may
risk limiting rather than enhancing learn-
ers' thinking, especially their creative
thinking.

Summary and Conclusions

A number of arguments have been put
forth supporting the relevance of cognitive
theory to vocational education. Grounds
for these arguments include the following:

A changing environment in which cog-
nitive capacities are critical to survival
and flourishing of both people and
organizations
An obligation to understand and serve
the needs all students have for
learning
The importance to the individual and
collective quality of life in a democracy
of cognitive capacities well distributed
across the citizenry
The potential of cognitive theory to
guide educational practice toward
meeting these challenges

These grounds are relevant to vocational
education at all levels.

The view that some students are better
served by vocational education and others
by academic cubjects implies that the
same students are not well served by both.
The wisdom of separating students by aca-
demic and vocational curricula has been
questioned by Oakes (1985, 1987), who
interprets such tracking of students as
limiting opportunities and, consequently,



as contrary to democratic values. Oakes'
argument assumes that exposure of stu-
dents to areas and demands for which
they have not yet developed capacities or
orientations allows them to develop new
dimensions and expand their potential
opportunities. The different treatments
for different students argument assumes
that student attributes affecting learriing
are stable and unlikely to change, so
providing an environment consistent with
those attributes is best.

Economic, political, human, and social
values are reflected in the arguments, sug-
gesting that the implications of cognitive
theory for education touches all of these
arenas. The potential for conflict among
these values appears in the ambivalence
reflected in the expressed importance of
thinking on the one hand and a sense
that, at a deeper level, it may also be
feared.

There are some notable gaps in the argu-
ments. The implications of a changing
environment are more elaborately describ-
ed for organizations and the workers with-
in them than for other sectors of society
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that vocational education also serves, such
as agriculture, consumers, and families.
For example, a global economy and
changing markets are likely no less rele-
vant for agriculture, consumers, and fami-
lies than they are for industrial and ser-
vice corporations and their workers. The
point of view of producers predominates
in the arguments concerning the implica-
tions of changes in the nature and struc-
ture of markets and work, even though
the changes in market structures, product
differentiation, and technology have impli-
cations for consumers' cognitive capacities
as well for those of workers. Arguments
that reflect the importance to children's
cognitive development of early environ-
ments provided in the home focus implica-
tions on how developmental gaps can be
remediated later by educators. These
arguments ignore the possibility that edu-
cators may also be able to assist parents
and families in developing their capacities
to provide environments that are more
supportive of children's cognitive develop-
ment and that doing so may do far more
for children's long-term cognitive develop-
ment than later remediation can ever
accomplish.



WHAT IS COGNITION?

Wasserman's (1989) question posed near
the end of the first chapter (Do we know
enough about thinking to teach it?) leads
to other questions such as What do we
know about thinking and other aspects of
cognition? and What is cognition? This
chapter focuses on such questions, partic-
ularly in relation to vocational practice
and in the context of vocational education.

Dictionary definitions of cognition include
the act or process of knowing, perception,
and the products (for example, knowl-
edge) of such acts or processes. These
definitions suggest that knowledge, think-
ing, and learning are all part of cognition.
Cognitive theory is the body of knowledge
focused on describing, explaining, and
understanding cognition.

Conceptualizations of Higher
Levels of Cognition

One place to begin to explore conceptual-
izations of higher levels of cognition is
with documents that compile definitions
from various sources (Champagne 1986;
Laster 1985; Lee 1989; Mauter 1988;
Mielke 1989; Thomas and Litowitz 1986).
Closer examination of these compilations
reveals that conceptualizations and defini-
tions of complex intellectual functioning
differ in many, often confusing ways.
Some conceptualizations focus on cogni-
tive processes (for example, information
gathering, remembering, organizing, ana-
lyzing) that are believed to function
together in orchestrated harmony in
macroprocesses (for example, concept
formation, problem solving, decision

making) (Beyer 1987; Marzano 1991;
Marzano et al. 1988; Mielke 1989; Stasz
et al. 1990). Often, such macroprocesses
and their enabling component processes
are referred to as generic in nature,
because they are believed to be general-
izable across many contexts, situations,
and domains (Greenan 1983; Miles 1981;
Stasz et al. 1990). Other conceptual-
izations emphasize a single macroprocess:
problem solving (Laster 1986b), practical
reasoning (Laster 1986a; Scribner 1984,
1986), critical thinking (Eyre and Peterat
1990; Hultgren 1986), or reflective think-
ing (Bobbitt 1986). Both more specific
and macrolevel cognitive processes are
typically viewed as learnable and as sub-
ject to improvement through education.

In contrast to process-focused v of
cognition, which are often referr, as
cognitive skills, other conceptualiLuons
reflect a view of higher levels of cognition
as characteristics, dispositions, qualities,
and capacities. Examples include disposi-
tions or motivational aspects of thinking
(Stasz et al. 1990; Thomas and Litowitz
1986), competence (Laster 1985; Thomas
1985; Thomas and Litowitz 1986), exper-
tise (Glaser 1985), intelligence (Laster
1985; Thomas and Litowitz 1986), and
creativity (Chantrill 1990; Rehm 1989b;
Thomas and Litowitz 1986). Critical
thinking and reflective thinking are also
sometimes viewed as a characteristic, dis-
position, quality, or capacity (Bobbitt
1986; Ennis 1987; Eyre and Peterat 1990;
Hultgren 1986; Paul 1990). Like views of
cognitive processes, these characteristics,
dispositions, qualities, and capacities are



viewed as multidimensional and
modifiable.

Metacognition is cognition about cogni-
don. It refers to cognitive self-awareness
and cognitive self-control (Borkowski et
al. 1990; Paris and Winograd 1990).
Metacognition reflects the capacities to
think about one's own thinking and to
control one's own cognitive processes,
knowledge, and dispositional orientations
in ways that are appropriate to the activity
in which one is involved.

More recent cognitive literature has re-
flected a shift away from an earlier dual-
istic, either-or view that, among cognitive
resources, either knowledge or thinking
processes is the most important. More
recent views emphasize the importance of
both as well as their interaction. Perkins'
(1987) conceptualization of intelligence as
having three dimensions reflects this syn-
thesis as well as the view that intelligence
is multidimensional and modifiable.
Power, the bestowed part of intelligence,
is the hardware, the computing power,
capacity, and speed of the brain. The
second dimension is what is known
through learning and experience. The
third is how people think, the strategies
they have for using the mind. Perkins
suggests that the latter two aspects, as
modifiable ones, have the greatest impli-
cations for education.

Theories of Cognition

Theoretical foundations that help in
understanding cognition have developed
along three major avenues. Each avenue
reflects different underlying assumptions
that guide where the theory focuses atten-
tion. These three avenues of theory--
information processing, knowledge struc-
tures, and social history theory--are briefly
described here in relation to research. In

the next chapter, they are revisited in
relation to curriculum and instniction.

Information Processing Theory

In information processing theory, the
human mind is viewed as a system that
takes in information and processes it in
ways that give it meaning, determine its
memory storage, and incorporate it in the
formation of actions. Various models of
the mind as an information processing sys-
tem have been proposed that have, in
general, the following parts or subsystems
and functions. An attentional focusing
system enables phenomena in the environ-
ment perceived thr.lugh the senses to be
processed so that they can be represented
in the mind and interpreted. Processing,
which occurs in short-term memory, in-
volves a search through long-term memory
for possible meanings. These meanings
are also potential storage places for the
new input. Processing involves interpret-
ing the input based on what was found in
long-term memory. The interpretation
determines where in long-term memory
the input will be stored. The networks
within memory formed during processing
determine how easy later retrieval of the
information will be. Processing control
mechanisms (such as self-monitoring), and
the formation and organization of memory
units (such as condition-action units) are
of central interest, especially in relation to
task- and goal-focused cognitive strategies
(such as approaches to problem solving).
A more detailed summary of this theory
can be explored in Laster (1985) and
investigated in more technical detail in
Lachman, Lachman, and Butterfield
(1979).

Think-aloud protocol analysis (Ericsson
and Simon 1984) is a major research
method through which information pro-
cessing theorists and researchers attempt
to discover what goes on in short-term



memory, the nature of long-term memory,
and how short-term memory interacts with
sensory inputs and long-term memory.
This method typically confronts individuals
with a problem and then asks them to
"think aloud" (verbalize their thoughts) as
they solve the problem. This method,
which assumes that what is in the short-
term memory is available to consciousness
and can therefore be verbalized, will not
detect cognitive activity that has become
automatized (that is, it is so fatniliar that
it no longer requires conscious process-
ing). This method also assumes that,
because information stored in long-term
memory is continually entering and leav-
ing the short-term memory, the thinking-
aloud process can reveal some sense of
the nature of what is in a person's long-
term memory. Thinking-aloud protocols
are often obtained from people who have
been categorized as novices or experts and
who are asked to work on the same prob-
lem. Comparison of the protocols reveals
differences in cognitive structures and
strategies. One aspect of the field of
artificial intelligence is studying the
thinking of experts through the think-
aloud method as well as other methods
and then programming computers to pro-
cess information as researchers think the
human experts do. This process has been
used as a way of verifying hypotheses
about mental functioning. Its potential in
industry for allowing computers to assume
some work tasks that previously required
humans has also been explored. Artificial
intelligence work has contributed to the
understanding of cognition and has cre-
ated an appreciation for what the human
mind can do that eludes both computeri-
zation and understanding.

Knowledge Structure Theories

Knowledge structure theories focus on
how knowledge is represented in the
mind, how knowledge representations are
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organized, and how these representations
interact with cognitive processes. Several
bodies of knowledge structure theory exist,
including propositional networks, schema
theory, and mental models. Each of these
bodies of theory posits a type of data
structure for representing knowledge.
Propositional networks, which represent
small units of meaning, contain proposi-
tions (an idea and its relationship to
another idea) (Anderson 1985).

Schema theory focuses on mental struc-
tures that store large sets of organized
information about concepts. Schemata
(plural for schema) have been described
as knowledge units, mental data structures
that represent conceptual knowledge, and
as active mental processes (Rumelhart
1980). Schema theory suggests that indi-
viduals place mental filters, or schemata,
on the world that organize it perceptually
and conceptually. In this way, schemata
are thought to influence what one per-
ceives, what one selects to pay attention
to, and how one interprets what is per-
ceived. Schemata also direct expectations
and actions, including exploratory activi-
ties that make new information available,
which may modify the schemata (Neisser
1976). Modifications in schemata reflect
learning. For example, a car schema for
people whose experience with cars is
limited to seeing and driving them likely
includes some attributes such as four
wheels, a body, a steering wheel, a trunk,
a motor, gas tank, and so forth. Such a
car schema might also include functions
such as going forward, backward, turning,
and transporting people and things. The
schema might also include makes of cars
and optional and standard features such
as radios, tape decks, compact disc play-
ers, heaters, air conditioners, power win-
dows, power steering, and so forth. If one
were to see a vehicle that matched the car
schema in all ways except that it had three
wheels, attention would be irawn to it be-
cause it would not fully fit tile individual's
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schema. The person may feel a desire to
explore why this vehicle has only three
wheels, what unique functions it might
have, and question if it can be considered
a car. In this way, a schema guides per-
ceptions, interpretations, and exploratory
actions.

The interpretive function of schemata that
enables a person to comprehend sensory
input also influences memory. Both
schema and propositional network the-
ories hold that one remembers interpre-
tations cf events rather than the sensory
input. One "remembers" by reconstructing
the original interpretation from the frag-
ments of it stored in memory. Schemata
are used in this reconstruction process.

There are many forms of schemata. Peo-
ple are thought to have schemata for con-
cepts underlying objects, situations, events,
sequences of events, actions, and se-
quences of actions (Rumelhart 1980). For
example, plans are considered to be a
type of schema that can direct a complex
series of actions. In addition, motivations
or themes (for example, getting ahead,
fairness) are believed to be schemata that
generate goals and intentions (Schank and
Abelson 1977). Schemata are believed to
be linked together in elaborate networks
that facilitate cognitive flexibility and
speed of processing. For example, the car
schema discussed earlier is likely to be
embedded within a larger vehicle sche-
mata and may have embedded within it
smaller-scale schemata such as classic
cars, sports cars, family cars, and so forth.
The wide range of abstraction over which
schemata are believed to exist is illu-
strated by the examples of a car schema
and a schema for fairness.

Mental models, a third type of knowledge
structure, are mental data structures con-
structed to represent a particular object,
situation, problem, or event. Unlike
schemata, which are thought to be pre-
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compiled structures, mental models are
constructed anew at the time of input,
upon encountering something that is unfa-
miliar (Brewer 1987). Also in contrast to
schemata, mental models are specific, not
generic knowledge representations.

Experimental and qualitative research
methods are used in knowledge structure
theory-based research. Schema theorists
do experiments in which they confront
people with real or simulated environ-
ments, events, and problems and then
examine the knowledge people use in
these situations. Schema theorists look
especially for what a person adds when
recalling an experience beyond what was
actually present in the experience. Added
elements are interpreted as indicating ele-
ments of the person's schemata that were
active during the experience. In artificial
intelligence research based on schema
theory, computers are used to verify hy-
potheses about the nature of schemata. A
program is written to reflect hypothesized
schemata and then is run on data input to
see if it handles the data as anticipated.
In-depth interviews that use open-ended
questions and probing to elicit the dimen-
sions of a person's schemata have also
been used.

Social History Theory

Social history theory (Luria 1976;
Vygotsky 1978, 1981, 1986) probes the
social origins of knowledge structures and
cognitive processes. This theory, more
than the other two, emphasizes context,
especially social context, as a central
factor in the development of higher men-
tal functions. Central tenets in this theory
are that context introduces constraints into
intellectual activities that significantly
influence the nature of those activities
(Scribner 1984) and that the social envir-
onment profoundly affects the way cogni-



tion develops and is structured (Vygotsky
1978).

According to Vygotsky (1978), all the
higher mental functions originate as actual
relations between human individuals.
People significant in one's life (for
example, peers and cultural authorities
such as parents, teachers, and supervisors)
mediate one's interpretations of experi-
ence in ways that reflect sociocultural
patterns and, in so doing, structure one's
cognition in terms of cultural codes and
social organization. Through these media-
tion processes, objects that have instru-
mental value in physical activity take on
symbolic meanings that become incorpo-
rated in mental operations (Scribner
1984). This is seen when people learn
principles underlying socially rooted and
historically developed activities through
imitating the ways others use tools and
objects. Thus, an operation that is ini-
tially an external activity is reconstructed
and begins to occur internally; interper-
sonal processes are transformed into intra-
personal ones. Vygotsky views tools and
language as particularly important in this
internalization process. Through their use
as media of interpersonal exchange, they
become mentally internalized. Once
internalization of their meanings has
occurred, they are used by learners to
direct their own actions. It is through
these means that cognitive structures and
processes are shaped in the course of par-
ticipation in socially organizod practices
(Scribner 1984).

Field observations and experimental-
developmental research methods are used
in research based on social history theory.
These methods focus on an analysis of
mental processes with the aim of identify-
ing their social origins. Ideally, research
is done over time in the developmental
context. The emphasis on context gives
field obser ,ation research methods a cen-
tral place in the social history theory

perspective. People's thinking and knowl-
edge are studied in relation to their cul-
tural milieu. A cultural milieu has been
interpreted as an ethnic group, a work or
life setting, a family, a community, a class-
room, and a society. Field observations
made during the introduction of a cultural
change are viewed as especially rich
sources for gaining an understanding of
how culture influences cognition (Luria
1976). Processes of psychological develop-
ment are also set in motion by researchers
in experiments. Social history researchers
may combine interviews, focused ques-
tions, and simulated problems incorporat-
ing think-aloud protocols with field obser-
vations to obtain data regarding people's
thinking and knowledge. Some of these
research methods are the same as those
used by theorists working within the other
cognitive theory perspectives. The differ-
ence is that the social history researcher
gathers data regarding context and relates
it to the data regarding people's thinking
and knowledge.

Research on the Nature of Cognition

Research that has sought to understand
cognition has emphasized the methods
identified with the theoretical perspectives
outlined earlier. A common characteristic
of most of these methods is that they
study thinking when people are engaged
in doing it. Studies reviewed in this sec-
tion on the vocational practice and train-
ing setting reflect this characteristic.
More than one of the theoretical perspec-
tives may be incorporated in a given
study, and methods central to different
perspectives are sometimes combined in
research studies. Some of the research
reported in this section is generated from
an interest in understanding what a person
needs to know in order to perform suc-
cessfully in some specific domain of
knowledge or practice, whereas other
studies seek a deeper understanding of



influences on cognition. Several studies
include expert-novice comparisons. One
of the challenges of doing novice-expert
comparisons is the problem of identifying
novices and experts. Approaches often
used combine nominations from col-
leagues, years of experience in a field, and
performance on tests. This problem was
addressed in different ways in the follow-
ing studies. Studies that reflect the three
cognitive theory perspectives and examine
cognition in process within vocation-
related activities are reviewed. Other
studies concerning cognition and voca-
tional education are mentioned.

Studies of How Knowledge and
Thinking Function in Domains
of Vocational Practice

The studies reported in some detail here
focus on cognitive differences between
individuals who have developed expertise
in a domain of vocational practice and
those who have not. These studies, like
those reported elsewhere in the cognitive
literature, reveal that expert thinking leads
to efficient and effective performance.
These qualities of performance are made
possible by awareness of and flexible
adaptation to the specific features and
demands of a situation and by conserva-
tion of both cognitive and physical effort.
This awareness, flexible adaptation, and
conservation of effort are, in turn, made
possible by a vast array of accumulated
knowledge stored in memory over many
experiences and organized to facilitate
adaptation and economy of effort, and by
cognitive strategies that are closely linked
to that knowledge and that also facilitate
adaptation and economy of effort
(Thomas 1988 a,b).

Product assembly and pricing delivery
tickets in a dairy. Scribner (1984) used
social history theory as a conceptual
framework fcr studying intellectual activi-
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ties in a work setting. Work settings
were viewed in this study as cultures that
provide significant contexts for the devel-
opment of cognitive resources in adult-
hood. According to Scribner, "occupa-
tional activities are socially organized for
socially defined objectives and make use
of 'culture-specific' knowledge domains
and technologies" (p. 15). In addition, the
functional requirements of the work set-
ting shape work activities in both their
technical and social aspects and, useful for
research purposes, required tasks and
norms of performance are made explicit
in job descriptions. Thus, targeted cogni-
tive activities to study should be those
occurring in the course of work-related
tasks.

At first glance, Scribner's research looks
very much like that underlying develop-
ment of technical curriculum in vocational
education. Her research begins by de-
scribing skilled performance on each task
within a particular job in a dairy and iden-
tifying its systematic characteristics. How-
ever, the analysis of the descriptions was
not focused on behavior sequences as is
typical in vocational education task anal-
ysis. Rather, it was focused on the cogni-
tive strategies people used. Scribner also
incorporated a job simulation technique in
which she modified occupational tasks to
reveal more clearly the nature of cognitive
processes and structures underlying their
performance.

Scribner used expert-novice comparison
methods through which she found that the
people who worked in the dairy used
markedly different cognitive strategies
from those used by nondairy employees,
although the accuracy of performance for
both groups was similar. In addition,
dairy workers made subtle adaptations in
their strategies that tailored the more
general strategy being used to the unique
demands of a situation, and they used



approaches that minimized their cognitive
and physical effort.

Based on her findings, Scribner concluded
that practical thinking has two major dis-
tinguishing characterist:cs: variability and
conservation of mental or physical effort.
Regarding the first charam ristic, practical
reasoning and practical intelligence were
adaptive in nature, tailored to the chang-
ing properties of problems and changing
conditions in the task environment. This
adaptive thinkingin jurn produced highly
skilled, adapted performance in practical,
real-world tasks. The fine-grained tail-
oring of thinking and action to the situa-
tion was made possible by a large reper-
toire of solution strategies stored in
memory. Skilled practical thinking also
organized the operational components of
tasks so as to make them more economi-
cal, which, according to Scribner, contrasts
with the type of academic thinking in
which a single algorithm is used to solve
all problems of a given type. For product
assembly workers, this economy of cogni-
tive effort was made possible by what ap-
peared to be direct perceptual mapping
of configurations of dairy products in case
lots. Experts were able to "see" product
unit counts visually (that is, they knew
what a case of 10 with 2 missing looked
like; they could obtain quantitative infor-
mation visually) and avoid slower, more
effortful counting operations. Scribner
credited this direct perceptual mapping to
memory storage of a vast array of product
unit configurations in case lots. The deliv-
ery ticket pricing strategies of milk truck
drivers revealed a similar "case lot"
organization.

The field observations aspect of Scribner's
study (observations were made in the
dairy during working hours) is character-
istic of social history-based research.
According to Scribner, "if cognitive skills
systems are closely tied to the intellectual
requirements of the practices in which
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they are embedded, one way to determine
their characteristics is to study them as
they function in these practices" (pp. 14-
15). In other words, the practices them-
selves need to become objects of cognitive
analysis. Research needs to pursue such
questions as "What intellectual tasks do
these practices pose? What knowledge do
the various tasks require, and what intel-
lectual operations are involved in their
accomplishment?" (p. 14).

Three studies (L. K. Anderson 1989;
Cooke 1988, 1989; Johnson 1988) con-
ducted within vocational education take
up the questions Scribner poses. These
studies are based on information process-
ing and knowledge structure theories
rather than social history theory. They
use simulated problems and in-depth
interviews rather than field-based obser-
vations. The simulated problems closely
resemble real life problems in each of the
domains. The studies have as a primary
goal gaining a better understanding of the
knowledge and thinking processes under-
lying domain-specific practice. All three
studies involve expert-novice comparisons.

Technical troubleshooting. Johnson's
(1988) study identified differences in
knowledge and thinking between novice
and expert troubleshooters while they
were engaged in working on electric gen-
erators in which :wo types of faults had
been embedded by the researcher. This
study used a cognitive task analysis ap-
proach (Champagne 1986; Laster 1985;
Lesgold et al. 1986 a,b) and think-aloud
verbal protocol methodology in identifying
knowledge, thinking, and performance dif-
ferences between novices and experts.
Findings indicated that the expert trouble-
shooters understood the functions of the
generator parts and the principles govern-
ing generator operation. They possessed
a mental model of the generator as a sys-
tem composed of several subsystems that
they used in targeting their search for the
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faults. Because they had a deeper under-
standing of the generator's subsystems, the
principles underlying their functioning,
and their interrelationships, the experts
were able to make informative interpreta-
tions of what they noticed. These inter-
pretations allowed the experts to represent
the problem accurately and proceed to
find the faults in a systematic, planful
manner. In contrast, novices used a ran-
dom, trial-and-error approach, made
limited interpretations, and were often
unsuccessful in identifying the faults.

Compared to the novices, experts sought
more specific information in their diag-
nostic evaluation of the generator and
relied on gauges and other technical tools
to help them find it. In contrast, novices
sought more general, global information
and limited their search for information to
a sensory scanning of the generator.
Compared to the experts, novices also
sought more information that was irrele-
vant to the faults. Novices generated a
greater number of hypotheses than experts
(lacking a mental model of the generator,
they were unable to target their thinking
to high probability areas indicated by the
symptoms), and a larger proportion of
their hypotheses were irrelevant to the
faults.

Parent-child interaction. Cooke (1988,
1989) compared the knowledge, thinking
processes, and performance of parents
identified as experts and novices by their
parent education instructors who had
worked with them and their children over
several weeks. Cooke's methodology com-
bined in-depth interviews, verbal think-
aloud protocols recorded during a 15-
minute play segment in which the mothers
were asked to engage their infants' inte-
rest in a basket of toys, and stimulated
recall. Stimulated recall is a procedure
in which a person is videotaped while
engaged in the activity of interest.
Immediately following the activity, the

videotape is played back to the person in
short segments and the person is asked to
indicate what his or her thoughts were
during each segment. In contrast to a
thinking-aloud protocol, which is viewed
as representing stream of consciousness
thought as thinking is occurring in the
short-term memory, the stimulated recall
technique involves a retrospective account
of thinking. Although the think-aloud
method is preferred, stimulated recall is
used when the task or situation does not
lend itself to thinking aloud. For exam-
ple, teacher thinking while engaged in
interacting with students has been studied
using stimulated recall (Calderhead 1981).
The videotape is believed to be a suffi-
cient stimulus for reconstituting the con-
tents of short-term memory as they were
during the actual interaction, thus allowing
them to be reported.

Compared to novices, expert parents had
more relevant education (for example, at
least a baccalaureate degree in a field
related to children and families) and more
experience with children, and they report-
ed in the interviews a higher number of
sources of knowledge available to them.
This translated into more extensive knowl-
edge expressed by experts concerning both
their own child and children in general.
Expert parents demonstrated more than
twice as much attentional focus on the
behavioral cues given by their child during
the play task compared with novice par-
ents who focused more on the toys or the
task. When the novice parents did notice
a behavioral cue from their child, they
frequently misinterpreted it and acted in
ways that appeared to be directed toward
meeting their own needs and goals rather
than those of their child. Attentional
focus on and accurate interpretation of
cues from their child was critical to par-
ental responsiveness to the child's states
and needs. The experts' superior cue rec-
ognition and interpretation was facilitated



by their more extensive and integrated
knowledge.

Also related to parental responsiveness
were parental goals and expectations.
Goals that experts expressed for their
children in the interviews and their goals
for the play task were child centered
(strongly oriented to their child's desires
and needs, such as letting their child
choose toys that interested the child), and
reflected their knowledge of children and
their recognition and accurate interpreta-
tion of their child's cues. In contrast,
novices' goals and expectations were more
parent focused (reflected what the parent
wanted to have happen, focused on the
parent's rather than the child's needs and
interests), reflected a limited understand-
ing of children and their development as
well as the parent's hopes for meeting his
or her own desires and needs through the
child's accomplishments, and showed a
need to control the situation. Also re-
lated to the responsiveness of the expert
parents to their children were the experts'
child-focused plans for action that re-
flected their child's cues and a pattern of
providing their child with opportunities
for self-direction by allowing the child to
have a major share of the control in the
situation. An example of an action plan
sequence frequently reflected by expert
parents was as follows: (1) observe and
reflect on child's actions, (2) model alter-
native use of toy, and (3) verbalize child's
actions. In contrast, novices indicated no
plans, proceeding in a more trial-and-
error fashion.

Finally, expert parents characterized their
parental role in less intrusive, less direc-
tive terms (observer, guide, and verbal-
izer) that allowed the child to take more
initiative than did novice parents whose
parental role characterizations focused on
shower (shows the child things), fellow
player, observer, and model. Although
the observer role was reflected by both
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groups, it was more strongly reflected by
the expert group. Expert parents men-
tioned guide as characterizing their par-
ental role two times more frequently than
did novice parents who more frequently
characterized their parental role as rein-
forcer/limit setter. Experts revealed an
ability to reflect on their own perspectives
and development as a parent and on their
behavior, analyze it, and select roles and
actions most appropriate for meeting the
needs of their child. Novices gave no
indication of doing this.

Making housing decisions. L. K. Ander-
son (1989) examined the thinking pro-
cesses and problem-solving actions of indi-
viduals at different levels of learning in
making decisions about appropriate hous-
ing for specific family situations. This
study incorporated in-depth interviews,
simulation of housing selection problems
through the use of family case profiles,
the think-aloud protocol method, and a
tab item technique that tracked each per-
son's path through the problems and the
information resources. The study also
incorporated three proficiency levels
(novices, intermediates, and experts) rath-
er than two. This study revealed that the
thinking of novices was descriptive in
nature, focusing largely on general fea-
tures of housing, especially physical
aspects. The thinking of intermediates
focused on functions of housing. Experts
focused on housing as an expression of
the interactions between families and
broad, social systems (social, economic,
political, cultural). Experts started with
the specific and fit the general to it.
Intermediates started with the general and
fit the specific to it. Novices started and
remained with the specific, linking it only
to specific personal experience. More
general understandings of housing were
not a part of their thinking.

Differences in the patterns of reasoning
among the groups were reflected in the



patterns of statements detected in the
verbal protocols. Structure statements
indicated where attention was focused and
the schema that was activated. These
statements came early in the reasoning
sequence for all groups. Component
statements focused on descriptive attri-
butes or features. These were expressed
more frequently by novices and intermedi-
ates than by experts. Reasoning state-
ments were arguments that took the form
of principles, cause-effect relationships,
and theories. These statements were
found more frequently and earlier in the
experts' protocols compared with the
other two groups. Outcome statements
focused on conclusions that expressed con-
sequences or results of actions. Expert
protocols contained these with notable
regularity whereas they were notably
absent in most novices' protocols and less
prominent in intermediates' protocols.

Anderson's study indicated that experts
use more powerful forms of reasoning
(meaning-focused and predictive/anticipa-
tory reasoning) than do intermediates and
novices, and that interrrediates use more
powerful, functional forms of reasoning
than do novices who reason at a descrip-
tive level. Anderson interpreted these
differences as reflecting a developmental
progression in practice-focused reasoning
that is influenced by the exte.nt and
organization of a person's knowledge.

Implications for vocational education.
The four studies reported in this section
all have in conunon the in-depth study of
thinking while it is in process within the
context of domain-specific activity. A
primary contribution to vocational educa-
tion of such studies is a deeper under-
standing of cognitive capacities underlying
some aspect of practice in a specific
domain. Such understanding is useful to
educators in establishing learning environ-
ments that will support learners' construe-
/ion of domain-relevant knowledge and
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cognitive processes. For example, the
troubleshooting study (Johnson 1988) re-
vealed the importance of mental models
to troubleshooters' practice. This finding
implies that instruction in this domain
would do well to provide experiences that
enable students to construct mental mod-
els of devices. The parent-infant inter-
action study (Cooke 1988, 1989) suggests
that noticing and interpreting children's
cues in terms of the child are critical
aspects of interaction that is supportive of
children. This finding implies the impor-
tance of providing experiences in instruc-
tion within this domain that enable stu-
dents to develop their sensitivity to chil-
dren's cues and to what the cues may re-
veal about a particular child. The housing
study (L. K. Anderson 1989) implies that
instruction that creates opportunities to
consider consequences and meanings of
housing decisions is likely to help students
develop cognitive capacities central in this
domain. In summary, these studies are
useful in pointing to cognitive capacities
that are critical to complex areas of
domain-specific practice. They do not
identify what kind of instruction will
support the development of those capaci-
ties. Research reviewed in the next chap-
ter takes up that question.

Studies of Cognition during Learning
in a Training Setting

Two studies by Federico focused on cogni-
tion during the learning process in.a mili-
tary training context. The first study
(Federico 1983a) grew out of an interest
in adapting instruction to a range of stu-
dent abilities and cognitive styles. Brain
electrical activity was recorded at eight
brain sites for good and poor concept
learners while they were engaged in learn-
ing pulsed radar concepts. Results indi-
cated that right temporal and parietal
areas of the brain were significantly
related to concept acquisition. Differ-



ences between the two learning groups
were found in the amplitude and variabil-
ity of brain activity in the right frontal,
temporal, parietal, and occipital, and the
left parietal regions. Poorer concept
learners reflected higher brain activity
amplitudes and larger amplitude variance
than did better learners. Based on these
findings, Federico proposed that, contrary
to popular right brain-left brain models
that attribute concept learning to the left
brain hemisphere, the right frontal, tem-
poral, and parietal areas are significantly
associated with concept learning.

The second study (Federico 1983b) deter-
mined changes in cognitive correlates of
learning for naval recruits during their
enrollment in a computer-managed, 11-
module mastery course in basic electricity
and electronics in a military training
context. Enrollees' scores on psycho-
metric measures of 6 cognitive styles and
12 cognitive abilities and aptitudes were
correlated with their achievement scores
obtained on each module in the course.
Federico found that cognitive components
shifted in importance during the course,
which emphasized verbal learning and
memorization initially and application of
knowledge in later phases. He suggested
that this was due to a difference in the
cognitive processing involved in initial
phases of learning compared with that in-
volved in later phases and that content,
task demanded of learners, and method of
instruction are all likely factors influencing
which cognitive components will be impor-
tant. Federico concluded that these find-
ings support the importance of studying
the process of change from ignorance to
competence through protocol analyses of
the cognitive processing involved in early,
intermediate, and later phases of learning.

19

Studies of Other Factors and Cognition

In general, the studies identified in this
section differ from those described earlier
in that they do not reflect studying think-
ing while it is in process within the con-
text of a domain-related activity. Rather,
the studies discussed iiere use standard-
ized measures of cognitive variables to
establish cognitive characteristics of
people and, in some cases, establish rela-
tionships between those characteristics
and some other variable(s). This differ-
ence is pointed out because, although cog-
nition is not a new focus for vocational
education research, research methods
based on cognitive theory differ from
methods used in other cognition-related
research and lead to findings of a differ-
ent nature.

A review by Franz (1983) outlines several
bodies of research that relate general
cognitive development to the ways in
which people think. These studies expand
Piagetian-based ideas regarding a develop-
mental progression in thinking to older
adults. Individual styles are also believed
to influence thinking as it relates to learn-
ing and performance. Cognitive variables
such as field dependence/independence,
locus of control, self-concept, conceptual-
izing style, reflectiveness-impulsiveness,
tolerance of ambiguity, and cognitive com-
plexity have been related to learning
(Cole 1984; Federico 1983b; Garner 1986;
Kowal 1984) and to performance in draft-
ing (Ouster 1986). Learning style differ-
ences among and within different groups
of students have been identified by some
investigators (Cox, Sproles, and Sproles
1988; Jackman 1987; Kendall 1986; Ken-
dall and Sproles 1986; Kendall-Sproles,
Cox, and Sproles 1987) and refuted by
others (Rojewski and Holder 1990). Simi-
larly, cognitive style differences among
vocational students have also been identi-
fied (Fisher and Cole 1981).



Purdin's (1989) study of adults enrolled in
Ohio Vocational Home Economics pro-
grams indicated that age was related to
critical thinking ability as measured by
Level X of the Cornell Critical Thinking
Test, a standardized test of general critical
thinking ability. Others have focused on
gender as a variable influencing cognition
(Anderson 1986; Dweck et al. 1978; Gilli-
gan 1982). Rehm (1989b) used in-depth
interviews to uncover factors that home
economics teachers and student teachers
believed affected their creativity. Factors
identified as supporting creativity included
opportunities to share ideas and cooperate
with others in creative work, support from
co-workers and supervisors, and challenges
introduced by others. Lack of time was a
factor identified as inhibiting creativity.

Summary and Conclusions

A history of ideas is reflected in the evo-
lution of the three cognitive theory per-
spectives and in changing views of intel-
ligence. The cognitive processes versus
knowledge debate that raged earlier in the
life of cognitive theory has subsided as
more has been learned about the contri-
bution of each to higher levels of cogni-
tive functioning and about their interac-
tion and mutual interdependence. Infor-
mation processing theory, in which the
mind is viewed as an information proces-
sing system, reflects an emphasis on cogni-
tive processes. Knowledge structure the-
ories reflect an emphasis on knowledge.
Despite these emphases, research stem-
ming from both streams of theory reflects
the mutual interdependence of cognitive
processes and knowledge. Social history
theory extends this mutual influence to
the level of culture and to the role that
social processes and social organization
play in the development of both cognitive
processes and knowledge. Studying think-
ing while it is occurring is a central
feature of research related to all three

20

theories. Evolving views of intelligence
also reflect the mutual contribution of
knowledge and thought processes as well
as the ideas that there are multiple types
of intelligence and that some aspects of
intelligence are modifiable.

The studies reviewed investigate cognition
in action, as it operates within domain-
specific activities and in learning. The
methods used to record evidence of cogni-
tion in action in several of the studies
(think-aloud protocols, stimulated recall,
or the tab item technique) obtain records
of what is presumed to be conscious pro-
cessing. This focus on conscious process-
ing leaves untouched a potentially large
arena of subconscious cognitive activity.
To the extent that there is interchange
between conscious and subconscious cog-
nitive activity, these methods may reveal
that part of subconscious activity which,
momentarily at least, enters consciousness.
Nevertheless, it is important to remember
that the understandings of cognition that
are gleaned through such methods likely
reflect only a portion of human cognitive
activity and resources.

The studies that involved experts and
novices reinforce the p( rspective that both
knowledge and cognitive processes, as well
as their interaction, are important dimen-
sions underlying expertise. The studies
suggest that the cognitive organization of
people at different levels of competence is
fundamentally different and that these dif-
ferences are responsible for differences in
focus of attention, amount and kind of
knowledge brought to bear on a problem
or situation, interpretations made, plans
formulated, and strategies used. Experts
and novices see phenomena in fundamen-
tally different ways. The results suggest
that expertise involves facile cognitive
movement between specific details and
general principles. Experts have the capa-
city to tailor their thinking and their
actions to the unique aspects of each sit-



uation in ways that reflect both the con-
text and more general principles, and they
can do so with minimal physical and cog-
nitive effort. They can do these things
because of two factors: a vast store of
knowledge that includes many details
organized in ways that allow rapid, tar-
geted access and the ability to process
information efficiently and in ways that
capitalize on their knowledge store.
Experts' knowledge allows them to per-
ceive, and their cognitive strategies target
their attention to, critical cues in the
environment. Through their strategic
detection of cues, they are able to learn
quickly what is unique and important
about a situation. Once the situation is
well understood, they have at their dis-
posal efficient, appropriate, and effective
responses that they tailor to address the
cues they detected. These capacities allow
experts to anticipate and to be deliberate,
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both in understanding a situation or prob-
lem as well as in determining ways of
dealing with it.

The studies also suggest that, although
expertise is more efficient, it often, hut
not always, leads to higher quality results.
If a problem does not require extensive
knowledge to understand or resolve, then
both experts and novices appear to be
able to achieve a resolution of similar
quality, although novices use more cum-
bersome approaches in doing so and take
longer to achieve the same result. When
extensive knowledge is required, however,
the solutions of experts are more effective
than those of novices, who may never re-
solve the problem even if given unlimited
time. The studies also reveal the impor-
tance of context-linked experience to the
development of both knowledge and cog-
nitive processes associated with expertise.

0
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COGNITIVE PERSPECTIVES ON VOCATIONAL
CURRICULUM AND INSTRUCTION

The three theoretical perspectives de-
scribed as influencing research on cog-
nition are also reflected in cognitive per-
spectives of curriculum and instruction.
Differences in assumptions and interests
underlying the three theoretical perspec-
tives (briefly reviewed in the preceding
chapter) are reflected in differences in
purposes and goals for instruction, as-
sumptions about learners and teachers
and their respective roles in the learning
process, in the kinds of instructional
processes emphasized, and in what are
viewed as important instructional out-
comes and how they are assessed. These
differences have sometimes led to confu-
sion and difficulty in developing a coher-
ent sense of what the cognitive research
on instruction means when taken as a
whole.

Despite the differences in the three per-
spectives, there are also commonalities.
These commonalities include a view that
independent learning is possible and can
be facilitated through instruction, that
understanding rather than memorization
and recall is a goal of instruction, and that
thinking transforms information in ways
that make it usable (Idol, Jones, and
Mayer 1991; Jones 1992). Additional
commonalities include the following
(Jones 1992):

Departure from traditional instruc-
tional approaches in which the learner
is a passive recipient of learning that is
controlled by someone else, emphasiz-
ing instead a collaborative learning

context in which human interaction
both stimulates and supports learning.

Departure from a focus on low-level
basic skills and isolated facts to a con-
cern with learning meaning through
opportunities to link new information
to prior knowledge, connect school
learning to significant real-world tasks
and issues, and to engage actively with
content, questioning its premises and
applying it to new examples and
situations.

The assumption that learning involves
multiple sources of knowledge and
that the role of teachers is to help
students become aware of those
sources and take responsibility for
managing their own learning activities
and thinking.

Many of the features of current cognitive
theory-based perspectives on teaching and
learning are reflected in earlier models of
teaching, such as Bruner's concept attain-
ment model, Taba's inductive model,
Suchman's inquiry training model, Ausu-
bel's advance organizer model, and vari-
ous group-based and student-centered
teaching models (Joyce and Weil 1972).

Differences among the theoretical per-
spectives are reflected in the character-
izations of curriculum and instruction that
follow. Other conceptualizations of cogni-
tive theory-based instructional perspec-
tives can be explored in Jones (1992),
Mc Keough (1991), and Prawat (1991).



Information Processing Perspectives

The information processing perspective on
curriculum and instruction emphasizes
cognitive processes. Among the three per-
spectives, content is least important in this
view. When it is considered, its primary
interest is in how it affects cognitive pro-
cesses. Cognitive processes are seen as
operating on knowledge, as largely gener-
ic, and therefore as relevant across sub-
jects, disciplines, and problems. The
educational problem is to transform indi-
vidual cognitive strategies and to facilitate
their transfer to many different contexts
and problems (Mc Keough 1991). Think-
ing processes are seen as skills that entail
knowing, executing, and controlling proce-
dures and steps. Purposes and goals for
instruction focus on the acquisition of
thinking skills deemed relevant in a tech-
nological society, their transfer across
content domains to new problems and
from the classroom to the real world, and
on awareness of one's own cognitive
patterns and processes (Jones 1992;
Mc Keough 1991).

Learning is defined as movement from
novice-like toward expert-like problem-
solving strategies. Learners are viewed as
information processors whose current level
of functioning within a novice-expert con-
tinuum limits what they are able to learn.
Learners must observe and experience the
cognitive processes of interest in order to
learn them and know how, where, and
when to use them. Teachers take a direc-
tive role in instruction by selecting the
strategies and skills students will learn; by
labeling, explaining, illustrating, and
modeling them and their appropriate ap-
plication; and by assessing how well stu-
dents have learned them (Jones 1992).
Teachers also take a supportive role by
activating students' prior knowledge about
skills and strategies and guiding students
as they practice the skills.
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Stanl-alone courses on generic thinking
skills and portions of subject-area courses
that explicitly focus on thinking skills are
emphasized. When context is of concern,
it is viewed as a task environment in
which the particular kind of expertise of
interest is relevant. The learning context
is of most value when it is as similar as
possible to that task environment. Simu-
lations are often used to accomplish this
similarity. The task environment con-
strains problem representations and solu-
tion possibilities.

Engaging learners in verbalizing their
thinking is believed to facilitate learners'
metacognition (Lochhead 1985; Lochhead
and Clement 1979; Lochhead and Whim-
bey 1987). Collaboration among learners,
particularly within specifically structured
roles determined by the teacher, is often
an aspect of simulations and instructional
methods that engage learners in verbaliz-
ing their thinking.

Instructional development and design in-
volves developing models of both novice
and expert knowledge states, cognitive
processes, and performance, as well as an
understanding of the steps in between and
of where the learner falls on this con-
tinuum. Problem-solving strategies used
by novices and by experts must be deter-
mined so that novice learners' errors can
be identified and expert-like strategies
explicitly taught. Cognitive task analysis is
used to obtain information on cognitive
tasks that is needed for model develop-
ment (Johnson 1988; Laster 1985; Lesgold
et al. 1986a,b). Cognitive task analysis
entails determining representations of the
problem space used by learners at differ-
ent levels of expertise, their solution paths
through the space, and the cognitive stra-
tegies they use (Ohlsson and Langley
1988). Such analyses require empirical
observation (through think-aloud metho-
dology) of learners' thinking while they
are engaged in solving problems. This



understanding is then used to design
learning environments and instructional
procedures that facilitate the desired
cognitive patterns.

Assessment of instructional outcomes in-
volves ascertaining whether students have
developed, mastered, and integrated a
repertoire of cognitive processes and stra-
tegies, whether they can transfer those
processes and strategies, and whether
their self-awareness of their cognitive
processes has increased. Models of expert
thinking provide a criterion against which
learners can be assessed. Information
processing theory approaches have been
used especially successfully with learners
who have missed the opportunities to
develop cognitive skills that children
acquire in the course of normal develop-
ment. The information processing ap-
proach has been criticized for being too
tied to an external model of what consti-
tutes learning (the expert) and for giving
too little attention to the influence of
knowledge on thinking, the contributions
that the unique aspects of learners' cogni-
tion make to learning, and to learner-
generated strategies that have sometimes
rivaled and superseded the efficiency and
effectiveness of the ones being taught. In
addition, it has been notably difficult to
document that transfer of learning out-
comes has occurred as a result of informa-
tion processing instructional approaches.

Knowledge Structure Perspectives

In contrast to the cognitive processes
focus of curriculum and instruction based
on information processing, curriculum and
instruction based on knowledge structure
theories emphasize knowledge and its
integration with cognitive processes.
Instructional goals and purposes empha-
size constructing meaning in the context of
course content and developing a capacity
for reflective reasoning within a subject

area or knowledge domain. Althouilt
cognitive skills and strategies are relevant,
they are not of interest as ends in them-
selves, but as integral to broad, encom-
passing endeavors such as dealing with ill-
structured problems relevant to a subject
or area of practice.

Learning is viewed as constructing mean-
ing through differentiation and integration,
processes through which meanings con-
structed by the learner become more spe-
cific and, at the same time, are organized
according to increasingly general abstrac-
tions. Learning involves interaction be-
tween the learner's thinking processes and
knowledge, and between the learner and
the environment. The learner is viewed
as an active constructor of knowledge
through experience with the environment.
Although learning is viewed as involving
the learner's unique mental frameworks
and experiences, the learner is also be-
lieved to construct knowledge in a sys-
tematic fashion. Because of this, learners'
progression through a knowledge domain
has certain universal qualities and dimen-
sions (Mc Keough 1991). Developing the
capacity to learn on one's own entails
developing schemata that strengthen abil-
ities to direct one's own experiences in
ways that foster learning. Learning mate-
rials and environments that enable learn-
ers' self-directed exploration contribute
most to learning. Learning situations that
introduce multiple perspectives, such as
collaborating with peers is likely to do,
stimulate students to construct higher-
level syntheses and refinements in their
knowledge. A major role of the teacher is
structuring a learning environment rich in
cognitive stimulation and opportunities for
exploration and social interaction. A
second teacher role is to support and pro-
mote learners' interest, exploration, and
interaction through encouragement and
nonintrusive guidance.



Existing subject areas provide the context
for schema-based instruction. Curriculum
offers experience that is adapted to the
developmental level of the learner and
through which learners can independently
construct their own knowledge. Learners
engage in broad, encompassing cognitive
processes (such as problem finding) in the
context of their use within specific subject
matter and, as a result, develop schemata
for them. In contrast to information pro-
cessing approaches, this kind of instruction
does not provide the learner with a social
model to emulate or a detailed map of
problem-solving strategies.

Learning activities are designed to encour-
age learners to explore and direct their
own questioning and problem solving.
The teacher encourages learners to dis-
cover the limits of their current views and
to construct more adequate ones through
questions that activate learners' prior
knowledge, probe their reasoning, and
help them to connect and integrate new
knowledge with prior knowledge, and
through the introduction of diverse per-
spectives. As learners confront perspec-
tives and ways of doing things that differ
from each other and from their own, they
are challenged to adjust or transform
more dramatically their existing schemata
to accommodate the new cognitions. The
teacher also provides a supportive, low-
risk environment that allows failure and
views it as an opportunity and motivation
for learning.

This approach incorporates large-scale,
learner-directed inquiry, sustained over
time, and that integrates exploring, plan-
ning, creating, problem solving, dialogue,
calculating, reading, and writing. Schema
theory-based instruction may begin with
an ill-structured problem, a question, or a
puzzling concept as a way of stimulating
learners' higher-level thinking processes.
Explicit attention may be given to looking
back and looking ahead in order to foster
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cognitive linkages throughout the learning
process. Over time, problems introduced
become more diverse and complex to en-
courage greater cognitive differentiation
and higher levels of integration.

Assessment is ongoing and informal.
Learners may be asked to apply what they
have learned to an unfamiliar problem
and be observed in doing so to ascertain
their capacity to direct their own explo-
ration and interpretation and to formulate
their own resolution. Learners may also
be asked to draw on paper their cognitive
or conceptual map of a problem or a
flowchart of a process as a way for them-
selves and the teacher to gain access to
the content and organization of their
knowledge (Novak and Gowin 1984). All
of these approaches seek evidence that
the learner has developed more complex,
interrelated, and integrated knowledge
structures that are supportive of more
complex thinking processes.

Social History Perspectives

Social history theory focuses on how cog-
nitive structures and processes come about
through culturally embedded human inter-
action and activity. Learning is viewed as
socially situated. The learner is taught
that which the culture considers important
to the learner's functioning in the cultural
context. The kind of transfer of concern
is from the learning situation to the real
world, rather than generic learning across
a broad range of different applications.
Because of this, the learning context and
the ultimate context of application are as
similar as possible, very often the same.
Consequently, the learning context is often
the real world rather than the classroom.
Apprenticeship is a concept reflected in
some of the terms associated with a social
history perspective of instruction as a way
of conveying this real-world situatedness.



Such terms include enculturation, cogni-
tive apprenticeship, and situated cognition.

Learning results from dialogue between
the learner and members of his or her
social world. This dialogue is viewed as a
dialectic exchange of more mature and
less mature views and capabilities that
fosters development of the less mature
toward the more mature. Language, as
the vehicle of social interaction, plays a
central role in cognitive change. Lan-
guage is the vehicle by which teacher and
learner make their thoughts known to one
another and by which the learner inter-
nalizes the concepts of the culture. Lan-
guage used to label operations in the
environment eventually becomes internal-
ized, integrated into the cognitive makeup
of learners in ways that internally direct
the learners' actions. Once this happens,
external direction from the teacher is not
needed.

In contrast to schema theory, which ob-
scures distinction between learning and
development, social history theory places
learning and development in a temporal
relationship that is reflected in Vygotsky's
(1978) concept of the zone of proximal
development. This zone is represented by
the difference between what the learner
can do when assisted by a more compe-
tent other (which represents learning) and
what the learner can do by himself or her-
self (which represents development).
Learning precedes and enables develop-
ment. Thus, people "know" things before
they can independently incorporate them
in their actions. Movement by the learner
through this zone, which contains knowl-
edge that lies just beyond the learner's
current performance capacities, is possible
with external supports that have been
likened to a scaffold. The teacher's role
is to provide the scaffolds learners need to
engage in activities that are just beyond
their current capacities. The teacher does
this by serving as a more knowledgeable
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partner in jointly carried out activities,
providing tools or materials that are
adapted to make their use and a task
easier or safer, and pairing learners of
different learning levels. Teachers also
mediate learners' interpretations of their
experience and support learners' experi-
ence through encouragement and guid-
ance. The student-teacher relationship is
likened to that of apprentice-master.

Of the three perspectives, context is the
most central in instruction based on social
history theory. Learning is situated in
authentic cognitive tasks (as opposed to
contrived exercises) in both in- and out-
of-school learning environments. More
knowledgeable members of the culture
(teachers, master craftspeople, more ad-
vanced learners) provide the learner with
frameworks for interpreting experience
through modeling, explaining, guiding, and
discussing experiences. Learners use
these frameworks initially in communicat-
ing socially with the teacher and other
learners, but eventually internalize them
psychologically where they are incorpo-
rated in learners' formulations of their
own interpretations. These organizing
frameworks are not copied directly from
the teacher; rather, learner and teacher
negotiate a mutual understanding
(Mc Keough 1991). As learners develop
their capacities to interpret their own
experience, the teacher removes the scaf-
folds so that, increasingly, the learner
assumes more and more responsibility
(especially cognitive responsibility) for an
activity. This is sometimes referred to as
fading.

Classrooms are structured for cooperation.
Collaboration between learner and teach-
er and among learners provides a context
for the joint activity and the partner roles
and relationships that characterize instruc-
tion. Although some explicit instruction is
integrated into the guidance process,
much learning is left to internalization of



what is left implicit. The context, the
activity, and social interaction are vehicles
of instruction that lend meaning to what is
being learned. Learners are involved in
setting learning goals and in self-moni-
toring and self-assessment: they are
believed to contribute to their own learn-
ing through these processes.

Culturally valued capacities are the out-
comes of interest in this perspective. Such
outcomes, in their most basic form, relate
to the survival of a culture. Assessment
occurs in the context of learning activities.
Skilled independent performance indicates
development. The capacity to perform in
partnership with a more skilled person re-
veals learning. Both learning and devel-
opment are of interest and are assessed
through informal observation. The same
approaches are used in assessment as are
used to support learning. Self-evaluation
is viewed as integral to performing inde-
pendently and interdependently.

Vocational Curriculum and Instruction

Cognitive theory-based curriculum,
instruction, and assessment in the real
world of schools and other educational
agencies and institutions often reflects
mixed rather than pure models. That is,
the three theoretical perspectives are
often combined because each has some-
thing to offer that is perceived as valuable
by educators. When the three perspec-
tives are mixed, aims of instruction
sometimes suggest more emphasis on one
model than another. Consequently, mixed
models may have a dominant model with
one or both of the others embedded
within it.

The vocational education literature sug-
gests that vocational educators are, in-
deed, thinking about instruction relevant
to higher levels of cognition and that this
interest is not a new phenomenon but has
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been reflected historically (Herren 1987;
Lass and Moss 1988; Moore and Moore
1984). Much of the vocational education
literature concerning higher levels of
cognition includes conceptualizations,
literature reviews, arguments, rel orts of
activities, and so forth. This character of
the literature is reflected in the following
items:

Reports of experiences related to cur-
ricular change within institutional con-
texts (Fam and Luan 1984; Fitzpatrick
1991; Hartman-Haas 1981)
Arguments, recommendations, and sug-
gestions for what and how to teach (L.
D. Anderson 1989; Champagne 1986;
Claus 1989; Crowell 1989; Crunkilton
1984, 1988; Fedje 1986; Garner 1986;
Henderson 1983; Hunter 1992; James
1990; Johnson and Thomas 1992;
Kerka 1986; Laster 1982, 1985, 1986a;
Lee 1989; Miles 1981; Miller 1990;
Montague 1986; Mosser 1989; Orme-
rod 1983; Osborne 1988; Rehm 1989a;
Sellwood 1989; Thode 1989; Thomas
1985; Underwood 1986; Way 1986)

Some cognition-related, instruction-
focused research has been done in voca-
tional education in the form of self-report
mail surveys focused on describing teach-
ers' attitudes regarding higher levels of
cognition and identifying the ways teach-
ers attempt to facilitate their students'
cognitive development (Nwagbara 1990;
Osborne and Hamzah 1989).

The vocational education literature identi-
fied here varies widely in the degree to
which it explicitly or deeply reflects the
broader cognitive theory and research lit-
erature. The primary interest in the sec-
tions that follow is to review vocational
education research focused on cognitive
theory-based curriculum and instruction.
As mentioned in the first chapter, during
the 1980s research relating new under-
standings about cognition to instruction



burgeoned in several educational areas,
including technical training. In contrast,
such research in vocational education has
been more limited. Studies reviewed in
this chapter reflect instruction-focused,
cognitive theory-related research efforts
that have been carried out in vocational
education. Studies concerned with gener-
al education aspects of the curriculum
vocational students experience are in-
cluded. One way of categorizing studies
focused on vocational curriculum and in-
struction is in terms of the purpose or
goals of the research. Three broad cate-
gories of instruction-focused research can
be identified: (1) understanding, describ-
ing, and documenting instruction; (2) de-
veloping and designing instruction; and
(3) determining the effectiveness of in-
structional approaches and methods. At
a more general level, the first category
might be thought of as problem-finding
studies. Such studies take the form of in-
depth observations of instruction as it is
occurring and interviews to aid under-
standing of the nature of teachers' and
learners' perspectives and concepts. This
research often produces case studies that
reflect instruction in process, as it occurs
over an extended period of time. Instruc-
tional development and design studies
might be thought of as problem analysis
studies. Such studies take the form of
developing principles, models, or materials
and field testing them. Studies that focus
on the effectiveness of instructional ap-
proaches and methods might be thought
of as testing problem solutions. Typically,
such research takes the form of experi-
mental or quasi-experimental studies that
compare two or more instructional ap-
proaches or methods.

Research on Understanding, Describing,
and Documenting Instruction

Four studies, the findings of which are
remarkably similar with respect to the

29

ways in which vocational education in-
struction was observed to be supportive
of student engagement in higher levels of
cognition, focused on understanding, de-
scribing, and documenting the nature of
vocational instruction (Dinham 1989;
Rehm 1987; Stasz et al. 1990; Weber and
Puleo 1988). One of these studies (Stasz
et al. 1990), which drew on both informa-
tion processing and social history theory,
investigated what types of generic (non-
domain-specific) skills are taught in voca-
tional education programs, what methods
vocational teachers employ in teaching
such skills, and how the instructional con-
text affects the teaching of such skills.
Reflective of the Scribner studies reported
in the second chapter, this study was an
intensive case history of one course, a
high school interior design course.

Generic skills taught in the course includ-
ed repair skills (learning from errors),
analyzing parts of the problem, generating
solution paths and evaluating them (moni-
tor as you go), and reflecting on the solu-
tion and its generation after it is achieved
in order to improve performance next
time. The teacher encouraged students to
cooperate, to take responsibility for ac-
countability and for decision making, and
to take the risk of making bold decisions.
The project-focused curriculum and or-
ganization gave students many opportuni-
ties to make choices and to reflect actual
working environments. The teacher-
student relationship was described as
reflecting a master-apprentice relationship.
The teacher saw students as mature, hav-
ing some knowledge, and motivated to
learn. The teacher encouraged risk-taking
and self-assessment by crediting effort at
creative solutions rather than results,
structuring to allow students to detect and
correct their own errors, provided con-
structive criticism with caring and respect,
and encouraged students' persistence in
the face of failure. The teacher helped
students focus their efforts on the project



tasks by holding high expectations, helping
them internalize responsibility for their
own work, monitoring student activity and
intervention when warranted, and assign-
ing grades. The need to repeat informa-
tion several times was accepted as normal
and that role was delegated to students
who already knew it.

In another intensive case study, Dinham
(1989) explored teaching in an apprentice-
ship setting within the context of a higher
education program in a technical design
field. Based on data from in-depth inter-
views with two design studio teachers, and
in-depth observations of their teaching
practices related to an extended design
project assigned to students, a model of
the influences upon teachers' thinking and
instructional planning was developed.
This model included five interrelated
dimensions.

The first of these dimensions was the
teacher's conceptual frame. This was a
set of views brought to teaching, a com-
plex of experiences, beliefs, and expecta-
tions regarding life commitments and
orientations, the subject matter, and the
learning process. The second dimension
was appropriate teaching in this subject.
This was the teacher's belief system that
guided teaching practice and that was
based on the teacher's broad philosophical
views, understanding of the subject, and
views of how students best learn the sub-
ject. This dimension balanced competing
principles and perceptions in a way that
satisfied all the elements of the teacher's
conceptual frame. The third dimension
was the personal experience of teaching.
This included the teacher's explanations of
the rewards of teaching, of its risks, and of
the teaching context.

The fourth dimension was the teacher's
views of students. This dimension includ-
ed the teachers' view of students' charac-
teristics. It also was the dimension within

which teachers balanced the students' feel-
ings of risk and ambiguity in doing some-
thing new and unfamiliar, but through
which learning and discovery could occur,
with the students' need for confidence and
success. It was here that the teachers
balanced teacher-imposed direction with
student initiative by either resisting or
giving in to students' press for more de-
tailed and specific instructions. This di-
mension also included encouragement of
students to express their own thoughts and
acknowledgment that students shape the
project and the instruction.

The fifth dimension was that of the cen-
tral jobs, tasks, or processes in teaching.
There were two of these in teachers' con-
ceptions of design project-focused studio
teaching: designing a good problem and
helping students through a solution. A
good problem had multiple goals and a
theoretical base, extended previous learn-
ing, meshed with the larger school curric-
ulum, was representative and prototypic of
a broad class of problems, and was rele-
vant to practice in the work setting. Help-
ing students through a solution involved
teachers' instructional strategies, the tech-
niques they use in dealing with students.
These strategies and techniques included
making arrangements so students can en-
gage in and pursue the task set out in the
assignment, balancing opening up possibil-
ities for students with narrowing the prob-
lem for them, and improvising and modi-
fying the assignment in response to indi-
vidual student needs.

Dinham's study represents an attempt to
understand the knowledge system under-
lying teachers' instructional practices. The
report of this study provides a very detail-
ed picture of the qualitative research
methodology that was used in collecting
and analyzing the data obtained in the
interviews and classroom observations.
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In a larger-scale study encompassing 893
classrooms, 2,251 teachers, 120 high
schools, and 24 states, Weber and Puleo
(1988) documented and compared instruc-
tional approaches used in secondary voca-
tional classrooms with those used in non-
vocational classrooms. Using both class-
room observations and questionnaires
completed by teachers, these investigators
found that, compared with nonvocational
teachers, vocational teachers did the
following:

Used slightly more class time for in-
structional activities
Spent less time lecturing and explain-
ing or presenting material
Worked more with students in small
groups and individually
Emphasized student reading, writing,
and extended speaking less and other
observable opportunities to practice
and use higher-order skills more
Used textbooks and worksheets less
Used a wider variety of machines and
tools more
Engaged students more in tasks or ac-
tivities in which students exercise a
degree of control such as physical
demonstrations, practice, and perfor-
mance, simulations, and role playing
Used paper and pencil tests less and
performance appraisals more

Students in vocational classes worked
more on tasks that differed from each
other and interacted more with peers than
did students in nonvocational classrooms
where students worked more on the same
or similar tasks and interacted more with
the teacher than with other students.

Weber and Puleo's findings reflect, on a
larger scale, several findings similar in
pattern to those reflected in the Stasz et
al. and Dinham case studies of vocation-
ally oriented classrooms and, in addition,
provide a comparison with nonvocational
classrooms that reveals a number of dif-
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ferences. These differences are summar-
ized by the investigators as follows:
(1) teacher-led instruction, information
presentation by the teacher, total class or
large group activity, lectures, discussions,
written work, reading, use of textbooks
and worksheets, and teacher-to-student
interactions were less prevalent in voca-
tional than nonvocational classrooms; and
(2) student-led instruction, student prac-
tice directed toward development of spe-
cific verbal or psychomotor skills, indi-
vidual and small group work by students,
use of machines and tools, and student-
to-student interactions were more preva-
lent in vocational than nonvocational
classrooms. Weber and Puleo also point-
ed out evidence that there is considerable
variability in these patterns within voca-
tional education, especially on the basis of
service area.

Rehrn (1987) used metaphor in interpret-
ing observational and interview data ob-
tained in case studies of vocational educa-
tion classrooms over time. Rehm's cases
were not focused on design project classes
as were the Stasz et al. and Dinham stud-
ies, and they spanned a broader set of
teachers and classrooms. Applying an
artist metaphor to interpreting data re-
garding student activities during vocational
education instruction, Rehm identified the
following categories of creative artistic
endeavor in which vocational students
were engaged: creating a style and forms
of action, appreciation, and critique, and
expressing personal and social purposes.
According to Rehm, these kinds of activi-
ties represent paths students trod "from
perception to critique, from intention to
production, and from production to func-
tion. In a sense, students are artists who
must appreciate and confront a complex
world in order to tap its potential, and
vocational education offers a most active
'gallery' in which to develop this skill.
However, it is researchers and educators
who must provide the direction and learn-



ing experiences for students" (Rehm 1987,
p. 31). Rehm's study reveals how voca-
tional education helps students link their
internal mental activity with their physical
and expressive activity in the external
world. In another study, Rehm (1989b)
explored through in-depth interviews the
meanings home economics students and
teachers held for creativity, how it is
expressed and encouraged in vocational
education instruction, and what are seen
as influences on it. Freedom within limits
and supportive colleagues and environ-
ments were important factors reflected by
both groups.

The findings of the studies summarized in
this section closely reflect features of pro-
grams that facilitate students' learning and
thinking capacities (Resnick 1987):

Socially shared intellectual work is
organized around joint accomplishment
of tasks so that elements of the skill
take on meaning in the context of the
whole.

Skill is allowed to build up bit by bit
in apprenticeship-like fashion through
making usually hidden processes overt,
encouraging student observation and
commentary, and making participation
possible, even for the relatively unskill-
ed, through the soL:ial sharing of tasks
and other means.

Organization of curriculum is around
particular bodies of knowledge (subject
matter rather than general abilities)
that are tailortd to engage students in
processes of interpretation and con-
structing meaning.

Students are actively engaged in using
their powers of reflection and analysis
to create sensible responses to new
situations.
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Research on Instructional Development
and Design

Thomas and Englund (1989, 1990, 1991)
emphasized schema theory, but incorpo-
rated aspects of all three theoretical
perspectives in the development and field
testing of principles and a model for
designing domain-specific cognitive theory-
based instruction. Design processes con-
tained in the model include developing an
understanding of the knowledge domain,
describing levels of development within it,
and creating learning environments that
enable learners to construct knowledge
relevant to the domain and that permit
strategic mediation of learners' experi-
ences. The model contains four principles
related to creating learning environments:
fidelity, visualization, wide-ranging and in-
depth experience, and mediation. Fidelity
involves (1) a learning environment that
contains deep, principle-level features
characterizing the real-world practice set-
ting and that confronts learners with prob-
lems and puzzlements in the ways they
arise in the practice setting; (2) oppor-
tunities for learners to notice, on their
own, relevant cues signaling those features
from among irrelevant cues embedded in
real-world practice settings; and (3) op-
portunities for learners to detect and use
feedback from the environment as a way
of developing their self-monitoring capa-
cities required for continued learning in
the practice setting.

Visualization capitalizes on the capacity of
the human perceptual system to represent
large amounts of highly complex informa-
tion at a glance, store that information in
memory with great accuracy and durabil-
ity, and aid retrieval of knowledge from
memory (Spiro, Coulson, Feltovich, and
Anderson 1988; Spiro, Vispoel, Schmitz,
Samarapungavan, and Boerger 1987). The
principle of wide-ranging and in-depth
experiences reflects the need to include
both types of experience. Wide-ranging



experiences are selected to differ in sur-
face features but be sitnilar in deep prin-
ciples. Such experiences enable learners
to extract highly abstract generalizations.
Deep experiencing is extended in time, in-
volving detailed and repeated examination
and analysis of the same problem or situa-
tion from different perspectives. Deep
experiencing is also personally and emo-
tionally involving. Mediation entails help-
ing students interpret their experience and
providing alternative interpretations for
them to consider. Thomas and Englund's
instructional design model was tested for
usability by using it to guide the develop-
ment of an instructional prototype within
a specific knowledge domain. The proto-
type created was an interactive, videodisc-
based learning environment that employed
case-based learning as a central strategy
and incorporated three levels of learning.

The interactive videodisc learning environ-
ment confronted small groups of learners
with unstaged, videotaped situations from
the real world practice context and en-
gaged learners in observing, analyzing,
comparing, and evaluating each case. In
addition, each case was explored a num-
ber of times, each time from a different
perspective or in relation to a different
concept. The computer mediated stu-
dents' experiences with the cases. The
computer also posed questions to help
learners connect new learning to their
prior experience and knowledge and to
the real world and to stimulate individual
and group reflection. The prototype was
field tested and changes were identified in
learner's knowledge structures and think-
ing during their 10- to 30-hour experience
with the prototype. Changes in students'
knowledge toward greater complexity and
integration were reported. Knowledge
complexity was defined as the number of
levels and types of knowledge reflected in
student responses. Knowledge integration
was defined as the number of linkages be-
tween knowledge types and levels. In-
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creases in expert-like thinking and in deep
feature detection on the part of students
were also reported.

In another instructional design-focused
study, Bentley (1984) sought an alternative
to the study of existing trade practices and
requirements as an approach to the deri-
vation and organization of subject matter
in graphic communications. An alterna-
tive was sought because of the increasing
degree to which graphic communications
have become subject to radical technologi-
cal change. Using cognitive theory as a
basis, Bentley developed a conceptual sys-
tem for graphic communications subject
matter organized to accommodate the
changing structure of this body of knowl-
edge and its increasing complexity, reveal
the interrelatedness of its elements,
enhance its potential meaningfulness, and
suggest a learning hierarchy. The concep-
tual system resulting from this study has
two dimensions: communication process
and general to specific levels of subject
matter.

In a study designed to provide a basis for
both instructional design and assessment
of learning, Greenan (1983) identified
generic basic skills relevant to vocational
education. Basic skills were seen as those
critical to employability and occupational
competence. Generic basic skills were
defined as those basic skills that are trans-
ferable because of their broad applicabil-
ity to a broad range of occupations and
jobs. Relevance to vocational education
was determined in terms of generalizabil-
ity across secondary vocational programs
and direct relationship to vocational edu-
cation programs, services, and expected
outcomes. Research literature was re-
viewed to identify such skills, which were
then categorized in four areas: mathe-
matics, communications, interpersonal
relations, and reasoning. The identified
skills were reviewed by several groups and
finally rated by secondary vocational



teachers as to their importance to student
performance in their vocational education
programs. Further research efforts con-
cerning these skills have focused on
assessment and are reviewed in the next
chapter.

Systematic, cognitive theory-based studies
of instructional development and design
are not numerous. Only one of. the three
reviewed investigated the application of
new instructional development and design
principles and models to actual instniction
and monitored the results. This step
seems a necessary one in order to deter-
mine if and how instructional practice is
affected by the new instructional princi-
ples and models and, if affected, whether
or not the changed instructional practice
makes any difference in learning.

Research on the Effectiveness of
Instructional Approaches and Methods

The studies reviewed in this section com-
pared cognitive theory-based instructional
approaches with other instructional ap-
proaches, usually more traditional ones,
to determine whether cognitive theory-
based instruction is more effective in
producing instructional outcomes of
interest.

Siebold (1989) compared the impact of
schema theory-based instruction on indus-
trial arts students' acquisition and reten-
tion of concepts, processes, facts, and
manipulative processes skills with that of
an instructional approach already in use
that focused on the same content. This
study was carried out in the context of
learning and performing a sequence of
steps in an activity. In the schema ap-
proach, diagrams representing schemata
were presented to students. In the tradi-
tional approach, a sequence of procedural
steps was emphasized. Findings were
mixed in that there was no difference

between instructional approaches on any
but the retention of manipulative pro-
cesses skills. The schema theory-based
approach resulted in a higher retention
rate than the traditional approach. There
are several questions that make this
study's results difficult to interpret. First,
what was identified as a schema theory-
based approach employed directive teach-
ing methods. (Ausubel's advance organi-
zer approach was a primary model for the
schema-based instruction.) This meant
that both the traditional and the schema
approach were didactic. In addition, al-
though presenting a graphic organizer
(identified as the schema in this study) to
students is sometimes part of schema-
based approaches, this, by itself, is insuf-
ficient to constitute a schema-based ap-
proach. Assessment measures included
general tests of intelligence and a paper
and pencil test of scaling. Assessments
consistent with schema theory-based in-
struction emphasize domain-specific
knowledge and thinking rather than gen-
eral intelligence.

Westerdahl (1991) compared instruction
for troubleshooters based on prior
troubleshooting research by Johnson
(1988) with a company's usual approach
to troubleshooting instruction. In a quasi-
experimental study based on Johnson's
prior research within the same company,
two components were added to the experi-
mental group's training. These compon-
ents included exposing trainees to five
major troubleshooting approaches relevant
to problems typically epcountered with the
equipment of interest and to a map of the
problem space that visually and concep-
tually depicted the subsystems of the
equipment and their relationships. The
map was developed by Johnson based on
his observations of expert troubleshooters
working on the same equipment. Com-
pared with trainees receiving the usual
instruction, experimental trainees scored
higher following instruction on a knowl-

34

4 4:



edge test of electricity, mechanics, the
equipment item, and troubleshooting ap-
proaches and took less time to identify the
failed part in a troubleshooting perform-
ance test. This study, like Siebold's study,
used a graphic organizer. However, the
graphic organizer used in this study was
based on mental models empirically de-
rived from study of experts in Johnson's
prior research on troubleshooting the
same device. Siebold reported no empiri-
cal grounding for the graphic organizer
incorporated in his study.

Glass (1992) investigated an information
processing-based instructional approach
designed to elicit verbalization of tech-
nology education students' thought. Pair
problem solving was compared with un-
structured groups for effects on students'
understanding of problems, transfer of
relevant previously learned concepts and
principles, use of metacognitive strategies,
and solutions to problems. Pair problem
solving involves pairs of students in
working on problems. One student, the
thinker-problem solver, thinks aloud while
attempting to understand and solve a
problem. The second student listens and
tries to understand the first student's
thinking, asks for reasons for the first
student's actions and thoughts, and re-
minds the first student to keep talking.
The unstructured dyads worked on the
same problems but were told to solve the
problems in whatever way they felt work-
ed best. Results indicated that, compared
to students who experienced the unstruc-
tured dyads, students who experienced the
pair problem-solving approach expressed
more metacognitive thought and trans-
ferred previously learned concepts and
principles to a larger extent. The quality
of pair problem-solving students' solutions
to problems was higher for some problems
but not for others. Students' understand-
ing of the problems did not differ between
the groups.
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Three quasi-experimental pretest-posttest
studies (Ederslrim 1988; Jenkins-
Vulgamore 1991; Martin 1988) were con-
ducted to determine the contribution of
practical reasoning instruction and other
factors (reading level, gender, prior home
economics education experience) to levels
of decision making used by home econom-
ics students. Edersheim compared change
in decision-making levels used by 10th-
grade students exposed in a home eco-
nomics course to a 2-week, 11-hour unit
on practical reasoning and to practical
problem solving integrated into subse-
quent instructional units with decision-
making levels used by 10th-grade students
enrolled in a health class who had some
prior experience in home economics but
no experience with practical reasoning.
Experimental students used practical rea-
soning to solve hypothetical and personal,
home, and family problems. Practical rea-
soning was defined as a complex critical
thinking process whereby one gathers ade-
quate, reliable information regarding
values, contextual factors, alternatives, and
consequences to help make decisions; con-
siders carefully what is best or ought to be
done; justifies decisions on courses of
action with adequate and reliable reasons;
and collaborates with others to decide
what is morally best to do. Results indi-
cated significant differences between
experimental and control groups in
decision-making level posttest scores.
Further analyses indicated that reading
level and gender-reading level also made
significant contributions to decision-
making level scores.

In a study that replicated the major
features of Edersheim's work, Martin
(1988) involved a teacher who had four
semesters of experience in teaching prac-
tical reasoning. (The teacher in Eder-
sheim's study who taught practical rea-
soning to the experimentr 1 group had not
taught it previously.) A 19-hour unit on
practical reasoning was taught at the



beginning of the semester followed by
integrating practice in this kind of rea-
soning throughout 83 hours of instruction
in subsequent units during the remaining
15 weeks of the semester. Like Eder-
sheim, Martin found differences between
experimental and control groups based on
the practical reasoning instruction and
reading levels of the students. A similar
pattern of findings regarding instructional
group was found by Jenkins-Vulgamore
(1991), who also replicated the major
features of the Edersheim study but with
seventh-grade students. Gender-related
differences were not found in this study,
but students with the lowest reading levels
made the most significant gains in
decision-making levels.

These three studies reveal consistent
results suggesting that vocational educa-
tion instruction focused on cognitive capa-
cities (in this case practical reasoning and
decision making) does make a difference.
These studies, like the Westerdahl study,
reflect conceptual alignment of the depen-
dent variable measure with the treatment
and a systematic approach to research that
builds on and extends prior efforts.

Two studies (Curtis 1980; Samuels et al.
1984) involved testing cognitive theory-
based instruction with students whose
school records revealed low levels of
achievement. Samuels et al. (1984)
assessed the effectiveness of Feuerstein's
Instrumental Enrichment program with
low achieving adolescents in a Canadian
vocational school. The Instrumental
Enrichment (Feuerstein et al. 1991) pro-
gram is a content-free, supplemental
program for adolescents and adults com-
prised of paper and pencil exercises
focused on correcting deficient cognitive
functions (related to perception, reason-
ing, and language) and class discussion
focused on helping students understand
and integrate the functions with life
experiences. Cognitive functions empha-
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sized are data-gathering capacities (such
as precision, accuracy, discrimination,
spatial orientation), data-using capacities
(such as hypothesis testing, detection of
relevance, planning), and expressive capa-
cities (for example, precision, accuracy,
and adequacy of communication of ideas).
Teachers mediate the learning process in
ways that help learners develop metacog-
nitive capacities (capacities to direct and
control their own cognitive activity).
Because it gives explicit attention to
developing generic cognitive skills, the
Instrumental Enrichment program reflects
an information processing perspective.

In the Samuels et al. study, 15 students
who participated in an Instrumental En-
richment class for one 45-minute period 5
days per week over a 2-year period were
compared in a pre-posttest and time series
design to a group of similar students who
did not receive the Instrumental Enrich-
ment program. Few differences between
the groups were found on the dependent
variables, which included reasoning and
intelligence, achievement, attitudes, aad
behavior. Some differences that were
found were in favor of the control group.
This was attributed to a high rate of
attrition from the experimental group
among students who had high reading and
mathematics scores and who left the pro-
gram to enter academic programs. Teach-
ers' views of causes for failure of students
of normal intelligence shifted during the
study to include poor thinking skills.
Because of the attrition factor, it is
difficult to draw any firm conclusions
about effectiveness of the Instrumental
Enrichment program for vocational stu-
dents. Although this study may reflect
limitations of decontextualized learning of
cognitive skills, it also reflects one of the
difficulties when field-based tests of effec-
tiveness of educational interventions are
extended over long periods of time.
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Curtis (1980) tested an inquiry-oriented,
problem-solving teaching model in a social
studies course for students enrolled in
special classes for slow learners and non-
achievers and in vocationally oriented
programs. By focusing directly on think-
ing processes, by embedding the instruc-
tion in the context of content regarding
housing issues, and by incorporating teach-
er mediation of student experience, the
teaching model experienced by the experi-
mental group reflected all three theoreti-
cal perspectives described earlier. Control
groups experienced more traditional ap-
proaches focused on teaching facts and
concepts. Comparison of experimental
and control group means on a general test
of critical thinking ability revealed sig-
nificant differences in favor of the experi-
mental group.

The contribution of cognitive variables to
psychomotor performance and the inter-
relationships among cognitive, affective,
and psychomotor functions is becoming
better understood (Osborne and Matulis
1988). A study by Mevarech (1983) drew
upon a mastery perspective of instruction
rather than a cognitive theory perspective.
The study was, however, concerned with
variables of interest in cognitive theory,
including cognitive and perceptual dimen-
sions of psychomotor performance and the
impact of mediation. Mevarech compared
a feedback correctives, mastery learning
approach to individualized instruction with
conventional individualized instruction
lacking the feedback corrective aspect.
Feedback correctives involved the teach-
er's monitoring of student learning in
order to provide guidance and encourage-
ment when learning related to instruc-
tional objectives slowed, stopped, or failed
to occur. The dependent variable--behav-
ioral sequences of learned responses used
by students in the solution of new psycho-
motor problems--was indicated by use of
basic skills in manipulating workshop
equipment, analysis of diagrams and appli-
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cation of the analysis to mechanics prob-
lems, application of understanding to
determine an order of operations, applica-
tion of theoretical knowledge to the prac-
tical solution of mechanics problems, and
complex overt responses.

Students exposed to feedback correctives
were better able to operate workshop
equipment, read and interpret diagrams,
and apply theoretical knowledge to
mechanics problem solving. Low achiev-
ers benefited more from the feedback
correctives approach than high achievers.
This finding was attributed to patterns of
findings in other research that indicate
that high achievers do their own media-
tion (that is, spontaneously diagnose their
learning, give themselves feedback, and
correct their mistakes before proceeding
to a new task). Mevarech concluded that
the flexible time mode in individualized
instruction is insufficient to affect practice
and that mediation in the form of feed-
back correctives is a necessary aspect of
individualized instruction in order for
many students to attain high standards of
performance. One reason Mevarech of-
fered for this conclusion is that many
conventional individualized instruction
students did not use all their available
time and were less persistent than the stu-
dents who received the mediation treat-
ment. Cognitive theory suggests that the
mediation helped students focus their
attention and efforts on the learning tasks
and on critical features of those tasks, and
it sustained attention and effort when they
experienced discouragement and failure.
Whiting and Render's (1984) study reflect-
ed similar results for individualized mas-
tery learning, which included but was not
designed to examine specifically feedback
correctives mediation.



Summary and Conclusions

The studies reviewed in this chapter sug-
gest that instruction supportive of higher
levels of cognitive functioning is both a
possibility and a reality in vocational
education. The studies also suggest that
such instruction has been investigated
within several vocational education subject
areas. Although most of the studies did
not address the question of whether this
kind of instruction is an exception or the
rule throughout vocational education, the
large-scale study by Weber and Puleo
(1988) gives some indication that at least
some of the dimensions of instruction
identified in the Stasz et al. (1990) case
study are present in several vocational
education program areas.

All three theoretical perspectives are
represented, either singly or in combina-
tion, in the studies reviewed in this
chapter. A greater number of the studies
concerned determining the effectiveness of
instructional approaches than understand-
ing, describing, and documenting instruc-
tion or instructional development and de-
sign. This suggests that researchers may
be investigating potential solutions before
they have understood the problems. How-
ever, it should also be emphasized that
several of the effectiveness studies did
build on prior work. In total, the research
reflects the potential contribution that
each kind of research--that focused on
understanding instruction, on instructional
design, and on determining the effective-
ness of instructional approaches--can
make to understanding and educational
practice.

The group of studies categorized as under-
standing, documenting, and describing in-
struction revealed remarkably similar
characteristics of vocational instruction.
These studies offer an in-depth picture of
vocational instruction that suggests that
teacher, students, and learning environ-

ment (or context) are mutually irifluential
and interdependent dimensions of the in-
structional situation. These studies reveal
characteristics of vocational instruction
that are consistent with cognitive theory
perspectives and that contrast with more
traditional instructional modes. For
exampie, in traditional instruction, critical
elements (knowledge, responsibility for
learning and assessment of learning) are
perceived as residing with the teacher.
Some of these, such as knowledge, are
viewed as flowing from the teacher to the
students through the teacher's actions.
The others, however, remain with the
teacher. In contrast, these elements are
perceived in a cognitive theory-based per-
spective as shared by the teacher, stu-
dents, and learning environment. Some
elements are vested in the learning envir-
onment (for example, materials and the
social and physical structure are organized
so that collaborative and independent
learning by students can occur). Several
critical elements are vested in the student
(responsibility for learning, self-assess-
ment, self-monitoring, decision making
related to problems to be solved), who is
assisted by the teacher only if and to the
extent needed.

Research by Stasz et al. (1990), Dinham
(1989), Weber and Puleo (1988), and
Rehm (1987) reveals particularly similar
findings in the following areas:

Structuring of instruction for collabora-
tion and cooperation among learners
Assumption of responsibilit; for learn-
ing by learners
Role of learners as choice makers
Encouragement of students to express
their own thoughts
Respect and caring for students and
acknowledgement of student capabil-
ities on the part of the teacher
The teacher's acceptance of students'
needs and responsiveness to them in
ways uniquely tailored to each individ-



ual student and that also support other
students' learning
Reflection of the real world in the
classroom environment and in stu-
dents' learning experiences

Dinham's concept of balancing the open-
ing and narrowing of problems for stu-
dents seems roughly similar to Rehm's
concept of freedom within limits.
Dinham's concept of students shaping
projects and instruction reflects both her
own finding that students were encour-
aged to express their own thoughts and
the Stasz et al. findings that students were
encouraged to make bold decisions and
take responsibility for their own learning
and were viewed as people who knew
something. Stasz et al.'s findings that the
project assignment and the learning envir-
onment reflected actual working environ-

ments and that the teacher-student rela-
tionship resembled that of a master-
apprentice relationship reflected relevance
to a practice setting, one of the attributes
in Dinham's good problem framework.
This and Dinham's other good problem
attributes (multiple goals, theoretical base,
connects previous and future learning,
represents a broad class of problems)
were reflected in the features of Thomas
and Englund's prototype learning
environment.

What follows is a summary and synthesis
of dimensions of cognitive theory-based
instruction that reflects the features high-
lighted here, characteristics drawn from
all three theoretical perspectives on
instruction, and the full range of studies
reviewed in this chapter:

EXHIBIT 1

DIMENSIONS OF COGNITIVE THEORY-BASED INSTRUCTION

Aims of Instruction Focus on Fostering and Supporting Such Capacities as--

--Being able to handle multiple inputs and deal simultaneously with multiple factors
and considerations

- -Social skills of communication, cooperation, collaboration
- -Ability to learn and to use prior learning to aid new learning
--Ability to transfer previous learning to new situations
--Ability to interpret, judge, plan, modify, create
--Ability to understand points of view different from one's own
--Ability to criticize one's own and other perspectives

Learning Environments Display Such Characteristics as--

- -Reflective of, high fidelity with, or synonymous with real-life situations, problems, and
contexts

--Emphasis on ill-structured problems characteristic of real life (do not have one right
answer, all the information needed to solve them is not available, are not "given"--
need to be "found") versus school-type problems (have one right answer, provide all
the information needed to solve them, are defined--"given")

--Collaboration among teachers, departments, disciplines, students, school, and
community
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--Richly stimulating, encouraging curiosity, exploration, and investigation on the part
of students

--Exploration of multiple perspectives and sources of knowledge encouraged
--Few rules; ones that wdst are collaboratively developed by students and teacher
--Responsibility for learning vested in the learner
- -Effort, not just performance, acknowledged
--Failure viewed as a learning opportunity
- -Provide opportunities for self-monitoring and self-assessment by learners
--Atmosphere of respect and caring among students and between students and teacher
- -Allow time for thinking

Learning Characterized as--

- -Personally involving
- -An active rather than passive process
--A constructive process, one in which the learner constructs knowledge as a result of

interaction with the physical and social environment
- -An internalization process that occurs through social interaction and the use of

language

Learners Characterized as--

--Having knowledge and experience that they bring to the learning situation
--Capable people
--Able to direct their own learning, learn on their own
--Able to support each other's efforts to learn

Teaching Viewed as--

-- Scaffolding
--Guide on the side
- -Following the learner's lead
- -Teacher-learner partnership
--Collaboration with students in the learning process
- -Supporting, encouraging learning
--Providing a cognitive apprenticeship
- -Mediating students' experiences (helping learners interpret their experience)
--Confronting students with alternative perspectives and thought-provoking questions
- -Bringing learners to their own understanding.

Some of the studies focused on determin-
ing effectiveness of instruction reflect
several problems that surround this kind
of study. First, there is the problem of
being sure that the cognitive theory-based
instruction being compared with another
instructional approach is truly a cognitive
theory-based approach. Second, there is
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the problem of being sure that the intend-
ed instructional approaches are actually
the ones implemented. Third, there is the
problem of being sure that the ways that
outcomes are assessed capture the out-
comes of interest. Fourth, there is the
problem of having some reason to think
that the cognitive theory-based instruc-



tional approach being tested is relevant to
the outcomes of interest. Fifth, because
significant cognitive change does not hap-
pen quickly, there is the problem of need-
ing to sustain the approaches being tested
over a reasonable length of time. The
longer this time is, the more open the
study is to risks of attrition and confound-
ing contributions to learning outcomes.
Those effectiveness studies in which these
problems were more adequately addressed
revealed that cognitive theory-based in-
struction was related to changes in learn-
ers' thinking toward higher cognitive
levels. Products of thiliking (solutions) of
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learners exposed to cognitive theory-
based instructional approaches were not
always different in quality from those of
learners in control groups, but were, in
some cases, achieved more quickly. The
studies that addressed the problems more
adequately were those lodged within a
program of research (a series of studies
that build on each other). Perhaps this is
because there is the opportunity in
programs of research to address each of
these problems in a cumulative fashion
and hone, over time and experience,
conceptual foundations and procedural
aspects of the research.



ASSESSMENT OF COGNITIVE DEVELOPMENT AND LEARNING
IN VOCATIONAL EDUCATION

The previous chapter suggested that in-
struction based on cognitive theory leads
away from traditional, didactic instruc-
tional modes. Assessment of learning
based on cognitive theory also leads away
from traditional assessment approaches
that are focused on information recall and
rely on objective paper and pencil tests.
Assessment approaches that have their
roots in cognitive theory are less distin-
guishable from instructional approaches
than are traditional approaches to assess-
ment. Cognitive theory-based assessment
is focused on determining characteristics
of learners' thinking and knowledge
organization, on determinir: learners'
capacities to use and transfer their
knowledge and thought processes to new
situations and problems, and on detecting
changes in these characteristics and capa-
cities. Formative purposes of assessment
aimed at understanding student cognition
in order to determine how learning can be
supported are as central as summative
purposes. Consequently, assessment oc-
curs as an integral part of instruction
rather than only as a separate, add-on
piece at the end.

The challenge presented by assessment of
cognitive development and learning is that
thinking processes and the qualities of
learners' thinking and knowledge must be
observed, not just their results or pro-
ducts. For example, it is not enough to
know that learners have stored and can
recall information. How their knowledge
is organized and the degree to which it is
integrated must also be determined. Per-
formance assessments may indirectly indi-
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cate that certain cognitive attainments
have or have not occurred, but are often
not focused directly enough on underlying
cognitive aspects to reveal where prob-
lems lie. Because development of self-
monitoring capacities is an important goal
of cognitive theory-based instruction, stu-
dents are involved in self-assessment and
in assessing each other.

The three theoretical perspectives outlined
in the second and third chapters influence
how assessment is viewed and conducted.
For example, a view of thinking processes
as generic and separable from knowledge
is likely to lead to the use of generic or
general tests of thinking abilities that
minimize dependence on knowledge.
General tests of critical thinking, intel-
ligence, reasoning, decision making, and
so forth are likely to be incorporated as
assessments of learning and instruction.
In contrast, a view that thinking and
knowledge are closely related is likely to
lead to the development of content-linked
assessments of cognition. A view that
thinking is contextually embedded suggests
that assessment would take place in the
contexts of interest.

Development of cognitive theory-based as-
sessment has lagged behind that of cogni-
tive theory-based instruction. This lag has
limited the means available for verifying
that new instructional designs purported
to affect cognition in certain ways actually
do so. The need for alternative approach-
es to assessment that depart from paper
and pencil tests of factual knowledge is
recognized (Linn 1991), and a recent
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publication in which a range of work on
cognitive theory-based assessment is com-
piled responds to this need (Frederiksen
et al. 1990). Suggestions have also been
made for ways of determining the degree
to which more traditional assessment ap-
proaches validly reflect reasoning (Norris
1991). The following sections contain a
review of assessment-focused research in
vocational education and point to research
already reviewed that has implications for
assessment.

Research on Assessment in
Vocational Education

Although few in number, the assessment-
focused studies reviewed here represent a
range of conceptualizations of and ap-
proaches to assessment. Some reflect an
interest in assessment of generic thinking
processes whereas others reflect interest
in domain-based thinking.

Greenan and McCabe (1989) developed,
field tested, and validated assessments of
40 generalizable reasoning skills that had
been identified in previous research
(Greenan 1983). Assessment instruments
included student self-ratings, teacher
ratings of students, and a student per-
formance assessment. The validation
study involved 10 students and 1 teacher
from each of 10 vocational programs in-
cluding agriculture, business, health, home
economics, and trade and industry. Stu-
dents rated ther :selves and teachers rated
the students using three scales: verbal
reasoning, problem solving, and planning.
The students also completed the reasoning
performance test. Internal consistency
reliability coefficients for student self-
ratings and teacher ratings ranged from
.81 to .99 and for the performance test
from .60 to .92. Stability reliability test-
re test coefficients for student self-ratings
and teacher ratings were reported to vary
widely, Lw correlations between student

44

self-ratings and performance scores and
betwe n student self-ratings and teacher
ratings were also reported. Although
these findings suggest that student per-
ceptions of their own reasoning capacities
are unrealistic in relation to their per-
formance of those capacities and in rela-
tion to teachers' perceptions of their
capacities, several assumptions must be
made to come to that conclusion. For
example, it must be assumed that students
had an understanding of the reasoning
skills on which they were rating them-
selves, that the performance test actually
involved the same reasoning skills as
reflected on the rating scales, and that
teachers also understood the reasoning
skills they were rating and observing. One
avenue of further research on these as-
sessments would be to learn whether these
assumptions are warranted.

Also focusing on generic thinking skills,
Purdin (1989) used a general test of criti-
cal thinking to evaluate the critical think-
ing skills of adults entering Ohio voca-
tional home economics specialized pro-
grams; the results were intended as a
basis for curriculum development for
these programs. Target audiences of
these specialized programs included un-
employed persons, displaced homemakers,
and single parents. Based on a review of
several general tests of critical thinking,
Purdin selected the Cornell Critical
Thinking Test Level X to measure critical
thinking skills of a sample of participants
from the identified programs. Features of
the Cornell test important in its selection
included its low required reading level
and its story format, which was anticipated
to create interest and motivation. Com-
pleted tests were obtained from 169 re-
spondents. Scores fell considerably below
those obtained in previous studies of high
school and college groups. Test scores
also revealed significant differences in the
critical thinking skills of participants
entering the three different programs, sug-



gesting that each program may need to
provide different curricular approaches
with respect to facilitating critical thinking.

In another assessment study that repre-
sents a transition between assessing
generic thought processes and content-
embedded thought processes, Manifold
(1984) modified a previously developed
decision-making assessment instrument to
fit the requirements of assessing practical
reasoning within formative and summative
evaluations of consumer and homemaking
courses. More specifically, Manifold's
purpose was to make available to home
economics programs a valid, reliable, and
usable decision-making skill evaluation
instrument for the purpose of assessing
level and stability of decision-making skills
involved in practical reasoning. Decision
making involved in practical reasoning was
described as composed of six skills that
represent essential aspects of choosing a
course of action: identifying a good set of
alternatives from which to select, identify-
ing good criteria for making decisions,
assessing alternatives, summarizing infor-
mation to make a choice, conducting self-
evaluation, and having the propensity to
act. The instrument, adapted from work
by Ross and Maynes, includes four written
scenarios of practical problems. Students
are asked to describe for each scenario
how they would go about deciding what to
do, what their decision would be, and why.
Students' open-ended responses were
scored using a Scorecard for Evaluating
the Decision-Making Framework, which
assigned points according to seven levels
of decision-making skill. These levels
included choice with no justification,
justified choice, more than one alternative
considered, alternatives compared, alter-
natives evaluated in terms of criteria, cri-
terion weightings used multiplicatively,
and use of a classification scheme to
invent new alternatives and/or categories
of comparison.
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The adapted instrument was administered
to 80 consumer and homemaking students.
All students' responses were scored by 2
experienced raters, and a subset of re-
sponses were scored by 12 home econom-
ics teachers trained specifically in the
scoring procedure. Results were judged to
indicate that the instrument measured
decision-making skills and levels at an
appropriate range for home economics
students and curriculum. Interrater reli-
ability coefficients for the experienced
raters varied between r = .79 and r =.85.
Interrater reliability coefficients for the
teachers, who scored fewer items than did
the experienced raters, were lower. Sig-
nificantly higher mean scores were found
for students who had been taught practical
reasoning compared with those who had
not, a finding that supported the validity
of the adapted instrument. Differences in
the decision-maldng levels and skills of
the same students across the four prob-
lems were interpreted as due to the influ-
ence of variations in a student's knowl-
edge. Teacher raters suggested that usa-
bility would be strengthened with training
for and practice in scoring. Later studies
using this instrument report similar find-
ings and some higher interrater reli-
abilities (Edersheim 1988; Jenkins-
Vulgamore 1991; Martin 1988).

Thomas (1988c) sought to address a lack
of adequate assessment tools for docu-
menting learning of work role-related
higher cognitive processes and their inter-
action with knowledge. Such learning was
identified as the ability to make interpre-
tations and judgments in situations repre-
sentative of those learners encounter in
real life. The Tailored Response Test was
explored as an approach to (1) assessing
content-embedded perceptual processes,
interpretive thinking processes, and com-
plex judgment processes, and the interac-
tion of these processes with knowledge
rele% ant to a specific knowledge domain
or area of practice; (2) reducing the threat



to test score validity from test-wiseness on
the part of the test-taker; and (3) provid-
ing an approach to assessment that is us-
able by both researchers and teachers in
terms of time, effort, and knowledge re-
quired for scoring and that is sufficiently
reliable and valid for use in research and
program evaluation. The Tailored Re-
sponse Test confronts the individual with
a problem, puzzle, dilemma, or other
situation, drawn from the practice domain,
that requires the learner to acquire and
interpret information, form conclusions,
and plan strategies. The person is then
asked to edit a paragraph discussing the
situation by crossing out words, phrases,
symbols, or sentences so that the final
edited version represents the person's
perceptions, interpretations, judgments,
and plans regarding the situation. Be-
cause there are no response choices indi-
cated, nor any indication of where editing
should or should not occur, cues on which
test-wise students often rely are
minimized.

An extended procedure, described in de-
tail in the study, was used to develop a
prototype Tailored Response Test in the
knowledge domain of working with chil-
dren, an area believed to involve a high
degree of judgment and in which consider-
able substantive knowledge relevant to
judgments is available. The prototype test
was evaluated in a study involving 123 stu-
dents and 4 instructors enrolled in child
development and child care courses in
high schools, technical colleges, a com-
munity college, a 4-year college, and a
university. Internal consistency reliability
of the 12 paragraphs that were evaluated
ranged from .66 to .91. Internal and ex-
ternal validity data supported the validity
of the test. Administration required a 2-
hour block of time. Scoring of the final
form of the test (the nine paragraphs
achieving the highest internal consistency
coefficients) required an average of 9
minutes per student. This final form of
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the test was used in a later study to assess
domain-related learMng, where its perfor-
mance with other assessments further sup-
ported its validity (Thomas and Englund
1990, 1991).

Assessment of Cognition
in Other Studies

The studies just reviewed had as their
main focus assessment of cognition for
purposes related to the development of
vocational instruction and determining its
effectiveness. A number of studies re-
viewed in earlier chapters as having other
focuses also involved assessment of cogni-
tion. Some of these studies incorporated
tests of general abilities and orientations
(Cole 1984; Cox, Sproles, and Sproles
1988; Curtis 1980; Federico 1983a,b;
Jackman 1987; Kendall 1986; Kendall and
Sproles 1986; Kendall-Sproles, Cox, and
Sproles, 1987; Kowal 1984; Rojewski and
Holder 1990; Siebold 1989). Others incor-
porated ways of observing both thinking
processes and performance. These studies
are highlighted in the following
paragraphs.

Various forms of simulation were used in
several studies to provide opportunities to
observe both thinking processes and ac-
tions of individuals during their engage-
ment in the simulation (L. K. Anderson
1989; Cooke 1988; Johnson 1988; Scribner
1984). Simulations are contrived situa-
tions and problems that reflect essential
and significant features of real situations
and problems. One of these, the tab item
approach (Glaser, Damrin, and Gardner
1954) used by L. K. Anderson, provides
the individual with relevant as well as
irrelevant information and tracks the indi-
vidual's path through and selection of the
information. Cooke devised a contrived
parent-child play situation in which an
open-ended instruction allowed a wide
range of interpretations by the parent.
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The interpretations made were examined
as a means of understanding the nature of
parents' schemata. Johnson (1988)
embedded faults within an electric genera-
tor and observed the thinking, knowledge
use, and performance of troubleshooters
in finding them. Scribner (1984) set up a
situation in which individuals were asked
to fill dairy orders from milk cases that
had been strategically configured to reveal
perceptual and thinking processes people
used in filling the orders.

In-depth interviews (Cooke 1988; Rehm
1989b) are also an approach to assessment
of thinking processes and knowledge
organization, but they are time consuming
and logistically difficult for teachers to
implement. Nevertheless, in special cases,
such an approach could provide useful as-
sessment information. Analysis of "think-
ing out loud" verbal protocols is a way of
revealing patterns in people's thinking and
knowledge as they work through simula-
tions (L. K. Anderson 1989; Cooke 1988;
Ericsson and Simon 1984; Glass 1992;
Johnson 1988). Because the analysis of
verbal protocols involves time-intensive,
extended effort, it is a more reasonable
possibility for formal evaluation studies
that involve special resources than it is for
regular use by teachers. On the other
hand, it would be a helpful tool in special
cases where a teacher needs to uMerstand
a particular student's thinking more
deeply.

Asking learners to provide a written inter-
pretation of a situation or problem pro-
vides a record of thinking that can be
analyzed for knowledge reflected in rela-
tion to thinking processes (Thomas and
Englund 1989, 1990, 1991). Videotapings
of students engaged in a simulation or
other activity while thinking out loud
provide records that can be analyzed for
relationships between actions, thinking,
and knowledge (Cooke 1988; Glass 1992).
Although teachers are limited in their
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opportunities to devote long time periods
to focused, in-depth observations of
individuals, such as those used by Rehm
(1987) and Scribner (1984), modifications
are possible to make focused observations
more feasible. For example, videotaped
segments of students engaged in an activ-
ity over several weeks or months provides
a record that can reflect changes in both
actions and the cognition underlying them
and spaces the time investment that ex-
tended in-depth observation requires over
several weeks or months. The resulting
tapes can be repeatedly examined, provid-
ing important opportunities for self-
assessment by the student. Current work
by the author suggests that a segment of
even 10-15 minutes can provide rich infor-
mation if the activity is fairly concentrated
and the observer is clear about what to
look for.

Stimulated recall (Cooke 1988) also pro-
vides special opportunities for self-
assessment by students. In stimulated
recall, a person is videotaped while en-
gaged in an activity (but not asked to
think aloud). The *ape is then immedi-
ately replayed in segments and observed
by the individual. After each segment the
individual is asked what he or she noticed
in the segment and what he or she was
thinking at the time. The responses can
be tape recorded, transcribed, and ana-
lyzed later for assessment purposes or
assessed on the spot in a more clinical
fashion by the instructor and/or the
student.

Thomas and Englund (1990, 1991) used
two approaches to assess knowledge
organization and integration in their
instructional design-focused study. The
first procedure, identified as a diagnostic
test, was used to determine the degree to
which students noticed surface, descriptive
features versus deep, meaning-related fea-
tures. This assessment confronted learn-
ers with three scenes that were almost the



same in surface features, but very differ-
ent in deep features. After they had
viewed the scenes, students were given a
sheet that listed both surface and deep
features and were asked to circle those
features they saw as similar across the
scenes. Then students were given a sec-
ond sheet listing the same features and
were asked to circle those features they
saw as differentiating the scenes. This
assessment approach is quickly scored and
would be practical for classroom use.

The second assessment procedure, identi-
fied as scenario analysis, involved con-
fronting learners with a videotaped situa-
tion and asking them to record on paper
what they noticed and their reactions.
These open-ended responses were then
coded according to level of knowledge
reflected and linkages among knowledge
levels. Although the detailed analysis
used in the study is too intensive in time
and effort to allow classroom use, re-
sponses could be examined for more gen-
eral features that reveal schemata acti-
vated by the scene. Novak and Gowin's
(1984) concept mapping is an alternative
approach to assessing knowledge organi-
zation and integration, one that reflects
schema theory and the close relationship
between cognitive theory-based instruction
and assessment. This technique is readily
adaptable to classroom use for instruc-
tional as well as assessment purposes.
The procedure for scoring students' con-
cept maps is realistic for use by classroom
teachers in terms of time and effort
required.

Outcomes of Vocational Education

The identification of outcomes as a basis
for determining student progress through
schooling has been a focus of education
agencies in many parts of the country over
the past decade. Outcomes identified in
such efforts that focus on problem solving,
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transfer of learning, critical thinking, and
other higher cognitive processes reflect
the influence of the cognitive movement.
Assessment of outcomes in such efforts is
often aided by a computerized bank of
outcome-keyed items (Fitzpatrick 1991).

What is assessed in vocational education
evaluation studies, instructional effective-
ness research, and determination of stu-
dent progress reflects what is considered
to be of value. Studies of vocational edu-
cation outcomes have focused more on
basic skills and on economic attainment
than on higher levels of cognition. Some
basic skill outcomes are sometimes re-
ferred to as cognitive in nature; however,
they often do not include more complex
levels of cognition. Consequently, there is
a problem in knowing whether basic skills
mean cognitive outcomes and, if they do,
whether such cognitive outcomes mean
higher levels of cognition or more elemen-
tary knowledge storage and recall reflect-
ed in traditional approaches to assess-
ment. Two studies relevant to educational
outcomes of vocational education reflect
the issues surrounding the meaning of the
term basic skills. In comparing outcomes
of vocational and academic education,
Schmidt (1985) identified basic skills as
math, reading, and vocabulary. What was
actually compared was identified as cogni-
tive outcomes reflected by test scores on
reading, math, and vocabulary tests in the
High School and Beyond data set. In
another study Greenan (1983) identified
four areas of basic skills common to all
areas of vocational education as reason-
ing, mathematics, interpersonal relations,
and communication. The levels of the
skills identified within each of these areas
varied widely.

Both Schmidt (1985) and Colardyn and
White (1985) compared outcomes of voca-
tional and academic education. These
studies found that academic students
outscored vocational students on measures



identified in the studies as cognitive mea-
sures. In Schmidt's study, high school stu-
dents who had earned varying numbers of
business credits and those who had earned
varying numbers of academic credits were
identified. Students who had earned two
and one-half or more business credits had
significantly lower mean scores on math,
reading, and vocabulary tests than did
students with fewer business credits.
Conversely, the more academic credits
students had earned, the higher were their
mean scores.

Colardyn and White conducted their re-
search at the Conservatoire National des
Arts et Metiers in Paris. They sought to
learn whether there were differences in
the schemata of learners enrolled in a
work experience program in addition to
their academic programs and the sche-
mata of learners enrolled in only aca-
demic programs. The two groups of stu-
dents were compared regarding their abil-
ity to locate the different components of
a washing machine and establish the rela-
tionships among them from a written
description of how such a machine works.
Although it was hypothesized that the
work experience group would do better
because of their experiential opportunities
to construct relevant schemata, the aca-
demic-only group's performance was su-
nerior to that of the work experience
group. Several problems make interpreta-
tion of this and the Schmidt study ambigu-
ous. No controls for general intelligence
or other potentially relevant factors were
imposed in either study. In Colardyn and
White's study, the numbers of students
involved were not reported. In addition,
it was reported that almost half of one of
the work experience groups refused to
participate because they viewed the test as
irrelevant to their job training.
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Summary and Conclusions

Assessment, more than instruction, seems
to be limited by what exists. The image
of the paper and pencil test containing
convergent questions that have one right
answer appears difficult to overcome.
Many of the issues and limits surrounding
assessment focus on lack of approaches
for assessing cognitive processes, knowl-
edge organization, and cognitive develop-
ment. Further probing suggests that the
meanings of assessment more than ap-
proaches for doing it are the more funda-
mental problem. Thinking about the pur-
poses and meanings of assessment has not
changed in light of cognitive theory. Con-
sequently, many forms of assessment in
current use do not fit cognitive theory-
based instruction and will not be made to
do so with simply a few adjustments.
More fundamental change is required.

The term assessment was deliberately
chosell over the term testing as the focus
of this chapter. The latter term carves
out a much narrower set of possibilities
and stays too close to an image of paper
and pencil, right and wrong answer-
focused means for obtaining evidence re-
garding learning. The emphasis in cogni-
tive theory-based instruction on self-
monitoring and self-assessment raises
questions about who controls judgment-
making regarding learning. Independent
learners need to be able to do self-
assessment. The idea of shared control of
the learning situation between teacher and
learner is reflected in the third chapter
more than is the idea of shared control of
assessment reflected in research reported
in this chapter. Students learn to judge
their own thought and actions by having
opportunities to engage in doing so under
supportive guidance. The degree to which
educators are willing to share control of
assessment with students will reveal some-
thing about the primary purposes for do-
ing assesanent. Some of the assessments



discussed here explicitly incorporate or
offer rich possibilities for self-assessment
by students.

In addition to shared control of assess-
ment, placing more emphasis on formative
assessment may also help shift perspec-
t;ves to ones that more adequately reflect
cognitive theory. For example, assess-
ments used in research that offer possibili-
ties for viewing assessment in new ways
are often better suited to formative than
summative assessment. Adaptation of
these assessments could provide valuable
diagnostjc and learning progress informa-
tion to teachers as well as to students
engaged in self-evaluation.

Regarding evaluation of outcomes of edu-
cational programs, there is a need for care
in the language used to talk about out-
comes and for clarity in the concepts sym-
bolized by the language. For example,
basic skills has become an imprecise term
having several different meanings.

Framing of evaluation studies of voca-
tional education as comparisons with aca-
demic education raises questions about
the assumptions underlying why it is desir-
ous to frame a comparison in this way,
what is actually being assessed when such
comparisons are done, and how the find-
ings of such studies should be interpreted.
With respect to the first question, Weber
and Puleo's (1988) comparison study
(which was not an evaluation study)
sought data related to sorting out contra-
dictory perspectives about vocational edu-
cation in relation to academic education.
This study was aimed at gaining a deeper
understanding of instructional practices in
both vocational and academic education
in order to assess the validity of claims
made about both, claims relevant to this
review in that some concerned engage-
ment of students in higher levels of cogni-
tive activity. The purpose of Schmidt's
(1985) research reflected an assumption
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that vocational education is as effective as
academic education in delivering skills
identified by Schmidt as cognitive and as
having lifelong relevance: basic verbal
and mathematics skills. Schmidt's stated
purpose was "to sustain and gain addi-
tional public support" (for vocational
education) (p. 50). The purpose of
Colardyn and White's (1985) study re-
flected an assumption that a work experi-
ence learning context leads to different
kinds of cognition than does academic
education.

With respect to the second question--
what is actually being assessed, the extent
to which the effectiveness of vocational
education is being evaluated in the
Schmidt study (versus the general abilities
of students who enroll more heavily in
business education and those of students
who enroll more heavily in academic sub-
jects) is questionable. Because no
controls for general ability were included
in this study, it is impossible to sort out
this question. The same is true of
Colardyn and White's study, which also
had other problems. One might
hypothesize that what was actually being
assessed in these studies was students'
general abilities as they were reflected in
the outcome measures used. On the other
hand, Weber and Puleo's study revealed
that, compared to academic teachers,
vocational teachers emphasized student
reading, writing, and extended speaking
less. This finding suggests an alternative
hypothesis for explaining Schmidt's
findings regarding verbal outcomes:
Vocational education instruction may not
contribute as much as academic education
to these outcomes.

Finally, what interpretation should be
made of the results of studies that com-
pare educational outcomes of academic
and vocational education? How serious is
the difference in the outcome scores re-
ported by Schmidt? Do the differences



on the measures used in this study that
entail lower levels of cognition imply that
similar differences may also exist in high-
er, more complex levels of cognitive activ-
ity? If the general abilities hypothesis is
correct, should Schmidt's findings be taken
as evidence that supports Oakes' (1985)
contention that certain groups of students,
ones with lower general ability in this
case, are tracked into, or somehow end up
in vocational education? If the instruc-
tional emphasis hypothesis is correct, does
this mean that students having lower ver-
bal skills levels limit their opportunities
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to improve them by enrolling in vocational
education? These exceedingly complex
issues suggest that, in designing evaluation
studies of cognitive outcomes of vocation-
al education, questions similar to those
raised here be considered: Why frame
the evaluation this way? What does this
design assume and are these assumptions
reasonable? What is actually being
assessed given the procedures that will be
used? Are sufficient controls and other
design elements included so that findings
will be clearly interpretable?

r."



ISSUES AND IMPLICATIONS

Cognitive theory has generated new
understanding concerning learning, think-
ing, knowledge, teaching, and assessment.
Many have suggested that these new
understandings imply the need for para-
digmatic shifts in educational methods,
perspectives, and institutions. Some have
pushed even further, suggesting that cog-
nitive theory calls for change in long-
established cultural patterns and struc-
tures. Literature addressing these issues
in relation to vocational education is
reviewed in this chapter.

Research

The second and third chapters demon-
strate that cognitive theory-focused re-
search is being done in vocational educa-
tion and by vocational education research-
ers. However, when one compares the ex-
tent of this research with that produced
in some areas of education (such as math,
science, reading), it is apparent that
considerably less such research is being
done in vocational education. One possi-
ble reason for the lag in cognitive theory-
related research in vocational education is
that cognitive theory is not as relevant to
vocational education as . it is to other
areas. There is little evidence to suggest
that this is the case. On the contrary,
vocational educators have claimed for
many years that they assist students in
developing higher-level cognitive capaci-
ties (Herren 1987; Lass and Moss 1988;
Moore and Moore 1984). A more plausi-
ble explanation is suggested by Crunkilton
(1984): Vocational education research
does not, to a large extent, focus on
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teaching-learning processes. Although
Crunkilton's analysis of research reported
at professional meetings and in profes-
sional journals is limited to agricultural
education, the process of identifying re-
search for this review suggested that a
similar pattern is also evident in other
vocational education areas.

Criticisms of vocational education re-
search (Kelly et al.1989) charge that much
of it lacks a well-developed conceptual or
theoretical base. If vocational education
researchers, in general, do not look to
theory as a context for their research, and
if they do not focus their research on
teaching and learning processes, it is not
surprising that cognitive theory-based
vocational education research is scarce.

The issue of how research is viewed has
been discussed in the vocational education
literature over the past decade (Coomer
1984, 1985; Garrison 1989; Hultgren 1985;
Jax 1984, 1985; Miller 1989, 1991; Smith
1984; Wilsman 1985). Cognitive theory-
related concepts are reflected in these
discussions. For example, Garrison's
(1989) description of postpositivistic
research perspectives reflects schema
theory: "Facts are not considered to be
entirely independent of the theories they
verify and confirm. All observation is said
to be dependent on the conceptual fore-
structure of the researcher. This concep-
tual forestructure leads to selective atten-
tion on the part of those doing research"
(p. 44). Although the term used is con-
ceptual forestructure, which Garrison does
not explicitly define, he implies a cognitive
structure that operates, at least in some



ways, like a schema. Other reflections of
cognitive theory are evident in discussions
of alternative forms of research in voca-
tional education. For example, concern in
research with meaning and involvement of
participants in developing and directing
research reflect cognitive theory-based
concepts of self-directed learning, collabo-
ration, and learner-constructed knowledge.
Emphasis in research on dialectical pro-
cesses reflects cognitive theory-based con-
cepts of confronting multiple meanings
and using multiple sources of knowledge.

One set of articles illustrates the influence
of schemata on inquiry purposes, pro-
cesses, and findings by discussing how the
study of critical thinking differs depending
on the research paradigm within which it
is conducted (Hultgren 1989; Plihal 1989;
Thomas 1989; Way 1989). The study of
critical thinking within an empirical/
analytical (positivistic) mode of inquiry
seeks to improve critical thinking by mak-
ing it more efficient and better controlled
in terms identified by the researcher or
scholars. This mode of inquiry defines
critical thinking as a set of skills or pro-
cedures for thinking, and it yields descrip-
tions of critical thinking, factors affecting
critical thinking, causes for critical think-
ing, antecedents of critical thinking, and
explication of processes and products of
critical thinking. The study of critical
thinking within an interpretive (herme-
neutic) mode of inquiry seeks to under-
stand critical thinking as it is experienced
by people, to uncover meanings (plural
emphasized) of critical thinking. This
mode of inquiry defines critical thinking
as an experienced, dialectical process
guided by principles rather than proce-
dures. It yields multiple, context-
embedded perspectives and meanings of
critical thinking, including insights that are
discovered and are often surprising rather
than predicted or anticipated. The study
of critical thinking within a critical mode
of inquiry uses critical thinking as a means

54

of empowering research participants. Re-
search participants engage in critical
thinking for the purposes of becoming
aware of and understanding meanings and
consequences of social structures and pro-
cesses and of bringing about change to-
ward freedom from econoinic, political,
sexual, intellectual, or spiritual domination
or exploitation. This mode of inquiry de-
fines critical thinldng as an integral part
of one's personality, a stance toward life,
and an inquiry process. This mode yields
self-awareness, identification and exposure
of ideologies, identification of alternative
possibilities, and action toward trans-
forming oneself and society in directions
of equity and justice.

Teaching and Learning Processes

Cognitive theory supports conducting
teaching in ways that reduce inculcation
and a passive stance for learners and in-
crease the degree to which learners have
opportunities to question, discuss, and
discover for themselves, to "construct"
their own knowledge. Being "a guide on
the side" rather than "a sage on the stage"
is a metaphor that has been used to re-
flect the shift in the teacher's role neces-
sitated by this kind of learning. Other
terms used to identify this "guide on the
side" teaching role include cognitive
apprenticeship and situated cognition
(Brown, Collins, and Duguid 1989; Cogni-
tion and Technology Group at Vanderbilt
1990; Collins, Brown, and Holum 1991;
Gott 1988; Jones 1992; Raizen 1989;
Resnick 1987). A similarly student-
centered pattern is also reflected in
research that provides insights regarding
ways teachers support student creativity:
sensitivity to student interests and needs,
allowing student choices, providing specific
encouragement for creative endeavors,
and providing an environment in which
failure carries little risk (Rehm 1989b;
Stasz et al. 1990).



Crowell (1989) points out that content and
process are integrated in such teaching,
mtually embedded in each other and in-
separable. Groups are arranged "to work
through discovery activities, with both
individual and group outcomes expected.
Roles are assigned to each member and
cooperative interaction is encouraged . . .

groups explore different activities that
relate to various aspects of the same con-
cept . . . and (share) their findings . . . the
conceptual emphasis is similar to varia-
tions on a theme" (pp. 61-62).

Claus (1989) suggests three essential fea-
tures of vocational education instruction
that promotes analytical thinking and
greater equality of opportunity in schools
and workplaces: (1) involvement of stu-
dents in real work or work-like situations,
analytical thinking, group process, and
significant responsibility for managerial
decisions that have real economic conse-
quences; (2) necessity for students to
gather broad economic information, mar-
ket a product, negotiate with work col-
leagues, and make workplace decisions;
and (3) involvement of students in reflec-
tive thinking about the structure and func-
tioning of the economy, the conditions and
power relations of different kinds of work
in the conventional workplace hierarchy,
and options for change. Claus contends
that such group-managed entrepreneurial
projects, if democratically run, encourage
students to see themselves not just as
workers who follow the directions and
decisions of others but as potential partici-
pants in a more egalitarian managerial
process. Similarly, a perspective reflected
by Eyre and Peterat (1990) suggests that
students must be helped to question
rather than simply accept what is as given,
and that, in order to support students in
this process, teachers must engage in it
themselves.

Even if teachers know that simulations,
dialectical dialogue, collaborative
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structuring of classrooms, and field-
alichored experiences are avenues that can
support knowledge construction by learn-
ers, teacher preparation is likely to have
prepared them better to lecture and give
tests that measure learners' memory and
ability to recall someone else's knowledge.
Implications of cognitive theory for
teaching and learning processes suggest
that teacher education cannot remain
untouched.

Teacher Education and Inservice
Training

Eyre and Peterat (1990) suggest that
attention be given in teacher education to
teachers' concepts of thinking, since these
concepts are likely to limit or enhance
what they do in the classroom to facilitate
their students' thinking. Teachers need to
be helped to see the complex of factors
that are part of the teaching-learning pro-
cess and to experience in their own educa-
tion teaching processes that reflect those
factors (Crunkilton 1984). If it is believed
that teachers should be involved in facili-
tating thiffldng among their students,
teacher education should (1) help teach-
ers understand and strengthen their own
thinking and help others do the same and
(2) focus assessment of teacher education
students on their thinking processes rather
than on just the products of those pro-
cesses (lesson plans, curriculum outlines)
(Claus 1989; Crunkilton 1984; Eyre and
Peterat 1990). Forms of assistance pro-
vided to teachers should be evaluated for
the ways in which they might limit teach-
ers' thinking and creativity. For example,
providing ready-made lesson plans, teach-
ing guides, and content outlines may, on
the surface, appear to assist teachers, but
are also likely to reduce their need to
think about their teaching and the
teaching-learning process (Crunkilton
1984).



Institutions

Opportunities for teachers to focus teach-
ing and learning processes in their class-
rooms on higher levels of cognition are
influenced by the institutions within which
they work. A number of criticisms have
charged that schools limit rather than en-
hance the kind of cognitive development
that fits students for life in contemporary
society. These criticisms echo charges
made in an earlier era that schools isolate
students from experience and are discon-
tinuous with daily life and work (Dewey
1938). Although not the only educational
area identified as contributing to this
problem, vocational education is seen by
critics as contributing to the isolation by
supplanting hands-on practice and coach-
ing characteristic of apprenticeships in
work settings with direct instruction (Gott
1988; Raizen 1989; ResMck 1987). Al-
though some critics acknowledge the rele-
vance of the concern for citizens in a
democracy being able to determine their
own destiny (Resnick 1987), the major
concern of these critics is the perceived
discontinuity between what the schools
supply and what the real world demands
in skilled performers. These perspectives
reflect the 100-year-old struggle in the
United States regarding whether the pur-
pose of schools and that of vocational
education is to supply labor for industry
or to prepare citizens for life in a democ-
racy, or both.

Critics of schools as isolation-producing
institutions see a return to an apprentice-
ship form of learning and teaching as a
solution. A revised form of apprentice-
ship necessitated by the increasing limita-
tions on the observational accessibility of
key learning is advocated (Raizen 1989).
Cognitive apprenticeship is a term applied
to this revised form of apprenticeship that
makes essential-to-learn, covert thinking
processes overt (Collins, Brown, and
Holum 1991). Features of cognitive
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apprenticeships include (Gott 1988)
(1) situated learning in which students
execute tasks and solve problems in envir-
onments that reveal the various intended
uses of the knowledge they are acquiring;
(2) external support or scaffolding from
the tutor or master in the form of ideal
modeling of the desired performance,
hints, reminders, explanations, and filling
in knowledge gaps to assist the appren-
tice's task execution that fades as the
apprentice's skill and autonomy build; and
(3) carefully sequenced learning activities
that reflect changing student needs at dif-
ferent stages of skill acquisition. Resnick
(1987) identifies apprenticeship among the
key features of programs effective in facil-
itating students' learning and thinking
capacities. (These features are summar-
ized in the third chapter.) Resnick con-
tends that these same features also char-
acterize out-of-school learning and that
there is a need to redirect the focus of
schooling to encompass more of the fea-
tures of successful out-of-school function-
ing. Resnick (1987) and Raizen (1989)
both argue for schooling that more closely
reflects the culture of the workplace;
however, their concern goes beyond tech-
nical skills to include workplace context
and social structures. Interestingly, there
is little or no mutual cross-referencing
evident by those cited here who urge cog-
nitive apprenticeship and by those who
focus on cooperative education, intern-
ships, and clinical experience (Stone and
Wonser 1991).

Research reflects ways in which schools
also isolate teachers. Barriers identified
by Stasz et al. (1990) as inhibiting teach-
ers' opportunities to conduct their classes
in a way that fosters students' higher-
order thinking include isolation from the
broader school culture including teaching
colleagues, from collaborative staff activi-
ties, and from school decision making.
The separation of vocational and aca-
demic education is another isolation-



related concern that has been addressed
in recent literature (Claus 1989; Mauter
1988). An undesirable homogeneity of
students in each, which limits the diversity
of perspectives introduced into the
learning environment, is perceived to be
the result of this separation. This concern
is supported by a schema theory
perspective on learning that suggests that
diverse perspectives aid learning. It has
been argued that schools maintain this
separation by offering class schedules that
promote tracking and inhibit registration
by students in both vocational and
academic subjects and by reflecting
cultural meanings and ways of thinking
that ascribe to vocational education the
role of job-specific training and technical
skill development and to academic
education the role of promoting higher
levels of cognitive development (Claus
1989; Mauter 1988; Oakes 1985, 1987).

Although a number of studies concern
institutional barriers to teaching and
learning at higher cognitive levels, re-
search also reveals institutional supports,
several of which reflect the opposite of
isolation. Rehm's (1989b) findings indi-
cate that teachers perceived their crea-
tivity to be aided by opportunities to meet
with other teachers, actively share ideas
and emotional support, and cooperate in
creative work. Institutional supports iden-
tified by Stasz et al. (1990) include access
to knowledge, press for achievement, and
professional teaching conditions. Access
to knowledge was promoted in the interior
design class because the teacher had the
resources to purchase necessary material
to support the house design project and
because students had opportunities to
learn by working in a local retail store.
Press for achievement (institutional pres-
sures that the school exerts to get students
to work hard and achieve) was not stress-
ed for vocational students by the school
administration. The academic curriculum
took precedence over the vocational, and
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college enrollment figures were used to
measure school success. Vocational
teachers fostered press for achievement by
having high expectations for students and
valuing growth in the quality of student
work. Claus (1989) cites other work sug-
gesting that this is not always the case in
vocational education; vocational teachers
may lower their expectations out of com-
passion for students' expressed frustrations
or based on assumptions about what
teachers think students can achieve. Pro-
fessional teaching conditions included a
minimum of paperwork or other bureau-
cratic requirements, a supportive admini-
stration, and teacher autonomy in making
classroom curriculum and instructional
decisions (Stasz et al. 1990). These close-
ly parallel conditions cited by others as
supporting teacher creativity (Chantrill
1990; Rehm 1989b).

The issues discussed in this section make
it easier to see why some have warned
that tinkering with the external trappings
of schooling will not result in the kinds of
changes in schools called for by the impli-
cations of cognitive theory (Michaels 1988;
Oakes 1986). The challenge of transform-
ing schools, however, reaches beyond the
school as an institution to the people that
shape schools and to the depths of the
broader cultural context in which schools
are set.

Educators and Policy Makers

It is tempting to blame schools for educa-
tional problems because doing so provides
a sense that someone else will have to act
differently if things are going to get better.
Schools, however, are us. Unless there is
a change in how those who form and
maintain schools and educational systems
think about teaching and learning, knowl-
edge and education, they will continue to
perpetuate barriers to the kinds of change
in schools that cognitive theory implies.



Schools and educational systems reflect
the perspectives of their leaders. Only
tinkering is likely to occur unless educa-
tional leaders, researchers, teacher educa-
tors, policy makers, and those who con-
duct the day-to-day activities in educa-
tional institutions examine their basic
philosophical beliefs about teaching and
learning, the nature of human beings, and
the kinds of environments that maximize
growth for teachers and students; sort out
their values; and develop new belief sys-
tems (Crowell 1989; McCracken 1983;
Michaels 1988; Oakes 1986).

Daines (1986) offers four propositions to
consider in such a reorientation of
thinking:

that thinking be legitimized as a worth-
while activity by providing time for
people to think, time for people to
explain their ideas, time for others to
examine them, and time to develop
and evaluate them;
that thinking be respected and recog-
nized as an act of courage and citizen-
ship that makes a contribution to
society;
that different ways of knowing be fo-
cused on a problem and that people
be encouraged to work together to
develop the strength of their collective
ideas; and
that clarity of meaning and coherence
of thought be an aim of communica-
tion, with individuals coming to under-
stand the importance and power of
language to the development of higher-
order thinking.

Culture

It is evident that context and environment
influence cognition in very subtle but also
very powerful ways (Anderson 1986;
Scribner 1984). The ways of thinking that
prevail in the broader culture influence
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the culture of schools and how those
responsible for shaping schools view the
world. The cot aitive movement in educa-
tion challenges a number of the nearest,
dearest, and deepest cultural perspectives.
Raizen (1989) asserts that the cognitive
movement calls for erasing from thinking
culturally embedded dichotomies associ-
ated with occupations and preparation for
them, such as trades and professions, blue
collar and white collar, vocational prep-
aration and professional preparation, aca-
demic and vocational education, on the
grounds that these are becoming obsolete
in the modern workplace. Crowell (1989)
extends the call further to include the
dichotomy of objectivity and subjectivity.
Others argue that a technocratic perspec-
tive limits people's propensity to engage in
higher levels of thinking and that such a
perspective dominates the culture (Bul-
lough, Goldstein, and Holt 1984; Thomp-
son 1982). Critics have also argued that
the culture is where the roles ascribed to
vocational and academic education origi-
nate and is the level at which change will
need to occur. This cultural perspective
of roles reflects vocational education as
providing job-specific training and tech-
nical skill development and academic edu-
cation as promoting higher levels of cog-
nitive development (Claus 1989; Mauter
1988).

Despite the rhetoric lauding it, thinking
may not truly be valued in U.S. culture
and may actually be feared. Because this
is a literate society, reading and /thing
(sometimes referred to by that slippery
term, "basic skills") are valued. The
importance of reading and writing is gen-
erally accepted as a means for surviving
and achieving some level of attainment
within the social structure. In contrast,
thinking has not achieved the status of a
culturally valued skill (Hartman-Haas
1981). Much of the rhetoric concerning
the importance of thinking in U.S. society
reflects a focus on perceived economic
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benefits that better thinking is seen as
producing. But truly improved thinking
throughout the society also implies a pop-
ulation that questions authority and that
has the capacity to criticize cultural con-
ventions and to create new cultural forms.
Because such capacities threaten the exist-
ing order, a culture that gives lip service
to the importance of thinking may, at the
same time, resist thinking on the part of
its people (Claus 1989; Hartman-Haas
1981; Nickerson .1987).

The possibility that thinking may not be
valued in a deep way is further reflected
in arguments that it is often pushed aside
for a higher priority on compliance, a pat-
tern that is reflected in the broader cul-
ture and in schools (Claus 1989; Mauter
1988). Claus argues that compliance,
rather than complex thinking, is reinforced
when, instead of teaching students to rely
on their own intellectual capacities to
formulate their own thoughts, teachers
help them learn to respond to difficult
thinking tasks by turning to teachers (and
later to supervisors) for answers. Simi-
larly, others (Cnmkilton 1984; Eyre and
Peterat 1990; McCracken 1983) argue that
when teachers accept what is given and
fail to question it and draw out the issues
underlying it, they miss the potential that
an experience has for deep, significant,
meaningful learning that helps students
become responsible for their own ques-
tions, their own thinking, and their own
learning.

Summary and Conclusions

The implications of cognitive theory for
education and the issues it raises reveal
why cognitive theory as a perspective on
learning and teaching reaches far beyond
teaching methods and techniques. Al-
though methods and techniques are rele-
vant, without more fundamental modifica-
tions in perspectives, institutions, and
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culture, barriers to creating cognitive
theory-based education are likely to re-
main and little significant change occur.
Some of the barriers identified in the lit-
erature reviewed in this chapter include
dualisms that are retained in thinking
even though they no longer reflect reality,
and ambivalence within the larger culture
(and reflected in educators and their insti-
tutions) regarding education that facili-
tates development of higher-level cogni-
tive capacities.

A cultural perspective of vocational edu-
cation as job-specific training and tech-
nical skill development and of academic
education as pro aoting higher levels of
cognitive develo; ment is called into ques-
tion by studies presented in the third
chapter that link higher levels of cognitive
development to vocational instruction.
Although Weber and Puleo (1988) provide
evidence that vocational instruction does
differ from academic instruction on sev-
eral dimensions, neither their study nor
the Stasz et al. (1990) nor Rehm (1987)
findings suggest that teaching processes
used in secondary vocational education
are unlikely to support development of
higher levels of cognition. Their findings
suggest quite the opposite and point to a
potential lack of fit between assumptions
reflected by the culture and realities with-
in school programs and classrooms. How
representative of vocational education in
general the findings of these studies are is
a question that will need to be answered
through an accumulation of additional
similar studies. These studies suggest that
causes in addition to the kind of instruc-
tion that occurs in vocational education
are plausible contributors to patterns of
vocational education outcomes. One such
plausible contributor is the tracking of
certain groups of students into vocational
education.

Critics who charge that vocational educa-
tion has supplanted apprenticeships imply
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that vocational education has been a ma-
jor force in the decline in apprenticeship
training. History reflects that the decline
in apprenticeship training began more
than 100 years ago in this country, before
vocational education was established, due
to numerous factors, which included
changes in the organization and structure
of work (Wirth 1980). Vocational educa-
tion, one result of this decline, may have
contributed to a further decline in appren-
ticeships, but it should not be assumed
that had there not been vocational educa-
tion, apprenticeships would not have suf-
fered decline. What are described by
critics as key features of cognitive appren-
ticeships and programs effective in facili-
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tating students' learning and thinking
capacities resemble the features identified
in the Stasz et al. (1990) and Weber and
Puleo (1988) studies as characterizing
vocational education. It may be that sec-
ondary vocational education does, or at
least can do, a better job of providing
such experiences than is assumed by crit-
ics. At the same time, the criticisms are
goads to vocational educators at all levels
to explore the potential of cognitive ap-
prenticeship and situated cognition as
guiding metaphors for vocational instruc-
tion and to examine vocational education
critically for ways it may isolate rather
than integrate schooling and life.

6,7



CONCLUSIONS, QUESTIONS, AND RECOMMENDATIONS

This chapter represents the author's
attempt to take a broad view of the litera-
ture reviewed and the discussions in the
previous five chapters in order to identify
general conclusions, questions, and
recommendations.

Value of Higher-Level
Cognitive Capacities

The literature overwhelmingly conveys the
sense that the development of higher-
level cognitive capacities is desirable.
Literature reviewed in chapter one, in
emphasizing reasons for why such an aim
is desirable, raises few questions regarding
this aim. Literature reviewed in the four
succeeding chapters assumes the desirabil-
ity of such an aim by focusing on what
would be helpful in addressing it: a better
understanding of the nature of cognition,
learning ways of teaching that promote
higher-level cognitive capacities, assessing
higher-level cognition, and reforming
schools and culture to be more supportive
of thinking. Most rationales convey in-
strumental reasons for the importance of
developing higher-level cognitive capaci-
ties: They lead to getting a better job, to
the nation being able to compete better
economically, to people being able to fit
better within a changing and complex en-
vironment, to improving the quality of
family life. The rationale that higher-
level cognitive capacities have intrinsic
value in a democratic society is also evi-
dent, but to a lesser extent.

Some literature suggests that one value of
highly developed cognitive capacities is
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efficiency. People whose cognition is well
developed in a certain area can do things
faster and better. Other literature sug-
gests that thinking takes time sand may
delay action, that speed and time pres-
sures hamper the quality of thinking. Al-
though the literature reviewed emphasizes
cognition, a significant amount of it also
suggests and provides evidence that cogni-
tion is intertwined with and contributes to
perception and physical skills; to social
processes, relationships, and structures;
and to affect. The literature also suggests
that these other areas influence and con-
tribute to cognition. Thus, it is hard to
place a higher value on cognition, for
example, than on affect, and for value to
be ascribed to any of these dimensions in
isolation. Their value, including that of
cognition, is in their relationship to each
other. . Practical reasoninii, described as
economizing mental and physical effort, as
highly varied and tailored to the situation,
and as having moral dimensions, reflects
both the efficiency view o.nd a view of
cognition as interrelated with these other
dimensions.

When Cognition Is Developed

The literature reviewed reflects the as-
sumption that educational programs bear
considerable, if not sole, responsibility for
the development of cognitive capacities.
Even the one author (Champagne 1986)
who did acknowledge the importance of
childhood as a period of cognitive devel-
opment limited her comments to the con-
tributions of the elementary school. A
growing research literature in child devel-



opment is revealing that the far earlier
periods of infancy and early childhood are
critical in cognitive development and set
the stage more than previously realized
for later cognitive patterns and possibili-
ties for continued cognitive development.
Critical to cognitive development in these
early periods are the physical and social
environments children experience, envir-
onments that are typically provided by
their parents. This literature implies that
what schools can do in the area of cogni-
tive development is limited or enhanced
by this earlier development. Remedial
programs reviewed here have as their goal
compensating for deficiencies resulting
from misscd opportunities for earlier
development. Provision of such programs
by schools is intended to equalize oppor-
tunity. Although remediation has been
partially successful, it seems unable to
compensate fully for missed development-
al opportunities at an earlier, critical age.

Research on early development and that
revealing the limits of remediation pro-
grams suggest that, if society is truly
committed to facilitating cognitive devel-
opment, it will not wait until the school
years to support it. Development critical
to a person's cognitive capacities occurs
far earlier than people have been willing
to acknowledge. As a society, helping
parents to provide supportive environ-
ments for children during their earliest
years of development may be one of the
most important things that can be done if
it is truly thought that the development of
intellectual capacity is of value and should
be an opportunity available to all children.
Programs in vocational education that
have as their concern service to families
are especially relevant to such efforts.
The point is made in several chapters that
culture influences cognition. An industrial
culture that incorporates quality control at
the end rather than during production is
perhaps reflected in the tendency to focus
on remediating people rather than on pro-
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viding needed support during their forma-
tive years. This support does not mean
providing early education programs that
teach children earlier what is normally
taught in elementary school. Rather, it
means making sure that children have op-
portunities during their earliest years of
life to use and develop the learning capa-
cities they come with in exploring an en-
vironment that is richly stimulating and
socially supportive.

Another way of dealing with the problem
of underdeveloped cognitive capacities is
made possible by the artificial intelligence
movement. By extracting key intellectual
functions from people whose capacities
are highly developed and computerizing
them, they can be multiplied and used to
amplify or compensate for the capacities
of many people. Although this may be
viewed as a solution that is acceptable and
adequate by some, it does not address the
need in a democracy for citizens who can
think for themselves.

Developing Higher-Level
Cognitive Capacities in
Vocational Education

A view of the educational system as sepa-
rated into two distinct streams--academic
education and vocational education--is evi-
dent in the literature. Assumptions re-
flecting this separation are apparent in
studies that compare academic and voca-
tional education and in rationales that
argue that different rather than the same
students should be served by each. What
does the propensity to divide and compare
academic and vocational education sig-
nify? What assumptions and interests
does this propensity reflect? Pursuing
such questions is one possible avenue
through which the origins and tenacity of
this and other dichotomies identified by
Raizen (1989)--trades and professions,
blue collar and white collar, vocational



preparation and professional preparation--
might be better understood.

Does vocational education have any busi-
ness having the development of higher
levels of cognition as a primary aim in the
face of expressed views that academic
education is a better place to develop
higher-level cognitive capacities? Studies
suggesting the answer is yes include the
following: (1) those revealing significant
change in cognitive capacities related to
instructional processes used within voca-
tional curriculum; (2) those that compare
vocational and academic education and
find that, although instructional processes
used in each differ, those used in voca-
tional education are consistent with in-
structional practices that engage students
in higher levels of thinking; and (3) those
that examine vocational education class-
rooms in depth and find numerous ways in
which students' experiences in these class-
rooms foster the development of higher-
level cognitive capacities. These patterns
along with other studies that reflect lower
achievement on outcomes of lesser cogni-
tive complexity for vocational students
compared to academic students raise
many questions that need to be pursued
within research designs that enable clear
interpretations.

The assumption that purposes of voca-
tional education are focused on prepara-
tion for work roles in business and indus-
try is central in much of the literature
reviewed. A primary argument reflecting
this assumption is that, since occupations
are becoming more reliant on cognitive
capacities, vocational education should
focus on supporting the development of
such capacities in its clients. A role for
vocational education in supporting devel-
opment of more general cognitive capaci-
ties is also reflected in the literature
reviewed and justified in terms of the
need in a changing work environment for
flexibility and adaptability to changing
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conditions. Another view of the purposes
of vocational education reflected in the
literature is the development of cognitive
capacities related to individual interests,
family and community life, and social
transformation. Because cognitive theory
is relevant to all of these purposes--those
associated with work, family, community,
and the broader society--it offers an
avenue through which they can be better
understood and through which choices
among them and possibilities for their
integration and synthesis can be more
clearly seen. The three cognitive theory
perspectives provide lenses through which
reflection on purposes of vocational edu-
cation yields different and potentially
complementary insights.

Critics of schools and advocates of cogni-
tive apprenticeship cite the schools' isola-
tion of students from experience in the
real world as a major problem and impli-
cate bothy.scational and academic educa-
tion avtllprits. Yet, research reviewed
here offers evidence that vocational edu-
cation can and does provide students with
both experience in the real world as well
as in-school experiences that reflect
important features of real world experi-
ence. Where do supervised occupational
experience, cooperative education, and
internships or field experiences that are
part of vocational education programs fit
in relation to the concept of cognitive
apprenticeship? This would seem to be
question rich in possibilities for cognitive
theory-based vocational education re-
search, for application of cognitive theory
within vocational education curric0.1m
and instruction, and for contributior : by
vocational education to cognitive +1,-..tory.

Instruction

Characteristics of instr, .:tion that emerge
from the review arir' that were listed in
Exhibit 1 (p. 39\ ...fleet all three theoreti-



cal perspectives. These may be viewed as
"cognitive theory-based guides" for instruc-
tion. Although each of the theoretical
perspectives contributes a unique under-
standing of curriculum and instruction,
each represents only part of the picture.
Information processing focuses instruction
on culturally valued cognitive processes
whereas knowledge structure theories
orient instruction to the creation of learn-
ing environments that facilitate learners'
construction of their own meanings. Fi-
nally, social history theory focuses more
intently on the contribution of teacher-
learner interaction and the social envir-
onment to culturally valued learning.
Taken together, the three perspectives
offer a more comprehensive view of cog-
nitive theory-based instruction than does
any one alone. Tensions between the cul-
ture and the individual and between
knowing, thinking, and doing reflected
throughout educational history are
addressed when all three perspectives are
integrated. Given the greater comprehen-
siveness and richness gained through a
synthesis of the three theoretical perspec-
tives, it is not surprising that more than
one of them is often reflected in cognitive
theory-based instruction.

Because all three theoretical perspectives
potentially offer something valuable to
vocational instruction, it is important for
vocational educators and researchers to
understand all three perspectives and their
implications for instruction. Cognitive
task analysis, associated with the informa-
tion processing approach, and the com-
ponential flavor of the information pro-
cessing per5pective may feel the most
familiar and comfortable to vocational
educators who have a long history of using
a behavioral task analysis approach to
curriculum. The same pattern of reducing
larger entities to their component parts
and teaching the component parts are pre-
sent in information processing approach-
es--only the focus is on intellectual
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processes rather than on observable be-
haviors. Although this may be a place for
some vocational educators to start their
involvement with cognitive theory-based
research, unless other cognitive theories
are also explored in relation to vocational
education, the contribution of cognitive
theory to vocational education could be
unduly limited.

Assessment

How assessment is conducted reflects con-
cepts of cognition and what is valued. If
efficiency is valued, cognitive processing
speed will be measured. If cognition is
viewed as separable from other human di-
mensions and capacities, it will be assess-
ed in isolation rather than in relation to
actions, perception, social structures and
processes, and affect. If cognition is
thought to develop mostly in school, it will
be assessed only in relation to what has
been taught. If thinking is valued as a
process, assessment will focus on it as it is
occurring and methodologies that enable
this will be developed. If its products are
valued, assessment will focus on those.

Breaking free of mind sets regarding what
constitutes assessment, assessment mate-
rials, and assessment procedures may be
one of the most difficult but also one of
the most important things that can be
done in addressing problems surrounding
assessment of higher levels of cognition.
One place to start in eliminating limiting
mind sets is with the questions of why as-
sessment is done, how the nature of as-
sessment in school compares with that
done in other spheres of life, and where
the need for reduction of learning
achievement to scores originates.

The assessment studies reviewed here
represent a start in coming to grips with
the implications of cognitive theory for
assessment of learning and cognitive



development. There is a long way to go.
The efforts reflected here should be ex-
tended so that limitations they reflect can
be reduced and understanding of assess-
ment deepened.

Research Needs

It seems fair to say that, judging by the
cognitive theory-based research reviewed
here, the reasons vocational education has
lagged behind other educational areas in
exploring the relevance of cogMtive theory
to its problems do not include a sense that
cognitive theory has little to offer voca-
tional education. Other possible reasons
for the lag can be hypothesized. For
example, a number of researchers who are
producing cognitive theory-based research
in other educational areas started their
professional careers as educators in those
areas (such as science, math, language,
reading) and pursued their higher degrees
in cognitive psychology. Few, if any,
cognitive psychologists started their
professional life as vocational educators.
Another possible reason for the lag is re-
flected in Crunkilton's (1984) observation,
noted in the previous chapter, that there
seems to be more limited interest among
vocational education researchers in prob-
lems of teaching and learning than in
other issues.

One consequence of the lag is that voca-
tional education has not benefitted to a
great extent from cognitive theory. A
second consequence is that vocational
education has not contributed in ways it
might to the development of cognitive
theory and to the development of instruc-
tion that reflects cognitive theory prin-
ciples. More research focused on teach-
ing-learning processes in vocational edu-
cation and incorporating cognitive theory
would address these issues and problems.
More specifically, studies are needed that
investigate the nature of vocational

instruction from a cognitive theory per-
spective. One avenue such studies might
take is the exploration of vocational
instruction in relation to the concept of
cognitive apprenticeship. For example,
supervised occupational experience, coop-
erative education, internships, and field
experiences within vocational education
could be examined for ways these experi-
ences reflect cognitive apprenticeships and
for ways the concept of cognitive appren-
ticeship could be used to strengthen such
experiences. The concept of cognitive ap-
prenticeship might also be explored as a
basis for creating new educational struc-
tures and experiences.

Research on the nature of cognition as it
functions in practice would be an appro-
priate contribution for vocational educa-
tion researchers to make to the under-
standing of cognition, one that will require
research of the kind reported in chapter
two. The effort here to summarize theo-
ries and methodologies that this kind of
research involVes and to review examples
of it may help to spur interest among
vocational education researchers in such
research activity. This kind of research
reflects the need to study cognition in
action and in relation to context and other
human capacities. The value placed in
the social history perspective on studying
cognition during a time of social change
suggests that the workplace and the fami-
ly, both contexts of interest in vocational
education and undergoing dramatic and
rapid change, should be rich contexts for
understanding how environment influences
the nature of cognition.

Need for Programmatk Research

Programs of research offer opportunities
to focus on a significant problem in a
logical progression. Programmatic re-
search adds up to something more signifi-
cant than do most isolated, single-shot
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studies. If what is studied is truly signifi-
cant, it is likely too complex to be well
understood in a single study. Research
efforts need to be viewed in the context of
a larger whole. A programmatic context
for research is also likely to focus more
intently on the problems that need to be
addressed and less on the research needed
in order to get a degree or publish an
article. Regarding the latter concern, re-
search that is tied to truly significant
educational problems will be of interest to
researchers in other educational areas as
well and is likely to have broader publica-
tion opportunities.

One effort to encourage programmatic re-
search linking cognitive theory to voca-
tional education is an inquiry agenda
outlined by Thomas and Litowitz (1986).
This inquiry agenda outlines programmatic
streams of research in three major areas:

Identifying and organizing problems
and contexts central in vocational
education

Describing, documenting, and under-
standing knowledge, cognitive capa-
cities, and dispositions relevant to the
problems and contexts

Identifying, developing, and assessing
curricular designs and instructional
processes that support learning and
development of that knowledge and
those cognitive capacities and
dispositions

Several studies reviewed here were con-
ducted within this research program and
reflect these areas (L. K. Anderson 1989;
Cooke 1988, 1989; Glass 1992; Johnson
1988; Thomas 1988c; Thomas and Eng-
lund 1989, 1990, 1991; Westerdahl 1991).
Other studies reviewed comprise a second,
more specifically focused research pro-
gram concerning teaching and assessing
practical reasoning (Edersheim 1988;
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Jenkins-Vulgamore 1991; Laster 1982,
1985, 1986a; Manifold 1984; Martin 1988).
Programs of research offer an opportunity
to involve several people in addressing
problems that are of such magnitude they
cannot be solved by a single individual.
Although individuals who participate in
such research programs direct their own
research, the program facilitates oppor-
tunities to build on others' work and pro-
vides researchers with a significant base of
resources to draw on. These resources in-
clude assembled repositories of research
and theoretical literature, databases,
repositories of tested instruments, tested
research procedures, and expertise in and
experience with concepts central to the
research program and relevant research
procedures. Programmatic research offers
such resources to students pursuing doc-
toral and master's level research, and pro-
vides a framework within which faculty
colleagues within vocational education and
across educational areas can pursue coor-
dinated and collaborative research efforts.

Programs of research offer opportunities
to pursue significant problems using sev-
eral kinds of research and incorporating
different theories. For example, incor-
porating the three theories reviewed here
(information processing theory, knowledge
structure theories, social history theory) in
programs of research on cognition and
vocational education would provide differ-
ent views, much like a prism has different
facets. These multiple perspectives fo-
cused on a problem area are likely to lead
to more adequate understanding than is a
single theoretical framework. Likewise,
incorporation of different research para-
digms within a program of research also
focuses attention on different facets of a
problem, as is illustrated by the example
of critical thinking studied from three
different research perspectives (chapter
five), and the understanding-focused and
experimental studies of instruction
(chapter three).



Finally, programmatic research allows a
history of working together to be estab-
lished. By working over time with col-
leagues and clients on problems of mutual
interest, researchers build structures
within which research work is facilitated.
For example, established working relation-
ships make it easier for practitioners and
others interested in using the research to
be involved in planning and carrying it
out. As practitioners become intimately
familiar with the research by working with
it and helping to plan it from its incep-
tion, they become better able to facilitate
it, have more ownership in it, and are
more likely to use its findings in their
work. As researchers working within such
structures develop deeper understanding
of and appreciation for the problems of
practice, they become better able to
understand what kind of research has
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meaning for practitioners. Such working
relationships reflect a joint action
partnership in which responsibility for
directing and interpreting the research is
shared.

Summary

Education from a cognitive theory per-
spective is not business as usual. For that
reason, it is likely to be both hailed and
feared depending on one's present per-
spective of vocational education. Cogni-
tive theory offers rich opportunities for
more deeply understanding vocational
practice and its implications for vocational
education. Cognitive theory also provides
a lens through which to gain new insights
into the nature of vocational education
and its possibilities.
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