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In the early 1990s, Johnson (1992a) stated
that technology educators had shown little
interest in cognitive science-based research
which he observed was unfortunate because of
the close alignment between many concepts
in cognitive science and technology education.
That may be less true today, but the disconnect
between being aware of these concepts and/or
terms and teaching students to be able to
consciously use these constructs to enhance
learning is still apparent.  It also appears that
there is very little research on these cognitive
science theories within the context of
technology teacher education or technical
education in general.

This article explores technology teacher
educators’ perceptions about and use of the
following cognitive science theories: schemata,
mental and graphic visualization, reflection and
debriefing, situated learning or cognition, cognitive
apprenticeship and its component parts modeling,
coaching and scaffolding, and metacognition.
These theories are followed by a discussion of a
survey of a selected group of teacher educators.
The survey focused on three questions:
1. How important do technology

education teacher educators believe each
of the identified cognitive science
concepts are for inclusion in the
preparation of preservice technology
education teachers?

2. To what level do preservice teachers
learn about or develop skills in each of
these cognitive science concepts in
preservice technology education teachers
programs?

3. To what extent are these cognitive
science concepts modeled and integrated
intoclassroom instruction for preservice
teachers?

The Theories
Cognition has been defined as coming to

know.  It includes the internal mental processes
of learning, perception, comprehension,
thinking, memory, and attention and is
grounded in an evolutionary shift in the
psychology of learning from behaviorist to
cognitive focus (West, Farmer, & Wolff, 1991).
Cognitive science developed a social con-
structivist view of learning because it was
learned that students actively incorporate social

interaction and personal experience into the
process of transforming information to
knowledge (Johnson, 1992a).  After
examination of accessible cognitive science
literature, I found the literature highlighted the
following learning theory-based concepts that
seemed to relate directly or indirectly to
experiential learning.

Metacognition.
Metacognition collectively consists of the

becoming aware of personally preferred cognitive
strategies as well as acquiring, employing, and
monitoring new strategies for learning (Johnson,
1992b; West et al., 1991).  Also called strategic
thinking, metacognition involves planning,
regulating, and evaluating thinking activities.  It
includes such strategies as monitoring, questioning,
summarizing, predicting, generating, and
evaluating alternatives.  Knowledge is obtained
through identification of relationships and
connections.  Experiential learning is necessarily
personal and idiosyncratic (Burnard, 1988).
Metacognitive strategies are useful to the learner
as he or she attempts to translate personal
experience to transferable learning.

Schema Theory.
People engage in information simpli-

fication to effectively manage their information
processing requirements.  Schema theory
suggests that schemata are unconscious mental
structures or models that underlie and control
the simplifying process that is essential to
human learning, skill acquisition, and problem
solving (Johnson, 1992a; Phillips & Lord,
1982; Satchwell, 1996; West et al., 1991).  It
has been suggested that schemata:
• reflect the individual’s basic ideas about

reality and relative importance;
• provide a framework for memory within

which decisions can be made, operations
performed, and new information retained;

• define understanding of how the world is
organized and new information fits with
previously acquired knowledge;

• provide structure to ambiguous or
incomplete information;

• allow the individual to fill in missing data
and edit information as it is retrieved
from memory; and

• guide the information retrieval process
(Brewer & Nakamura, 1984; Kelley, 1972).

Schemata are developed and information
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is encoded and organized based upon the
individual’s first-hand experience as the
individual retains and processes implicit and
explicit teachings about the causal nature of
the world, thus enabling persons to perform
with limited information (Kelley, 1972).
Preconceived causal beliefs influence not only
interpretation of events and information, but
also what information will be sought and how
it will be used (Kelley & Michela, 1980; Wyer,
1981).  These complex schema-based images
exist in memory as perceptions of particular
individuals, events, etc., or as prototypic
perceptions (Wyer, 1981).

It is believed that people possess schemata
of connected facts, skills, and strategies that
help the individual explain and perform
efficiently within his or her world.  New
information and/or experiences are interpreted
through mental analysis based on comparison
against existing relevant schemata.  These
schemata or mental models become the basis
for interpretation of what actions are
appropriate and which information may be
assumed as well as learning and recall
(Satchwell, 1996; West et al., 1991).
Acknowledging preexisting schema changes the
role of the technology teacher who wants to
help students learn effectively through personal
experience.  Students must be encouraged to
actively engage in activities that focus on

examining causal relationships and comparing
these relationships against their preexisting
notions about technology and the world.

Visualization and Graphic Organizers.
The term chunking has been used to describe

a broad array of organizing and simplifying
strategies that aid in learning and analysis (West
et al., 1991).  Memory organization tools and
aids to supplement limited working memory
capacity such as those included under the
umbrella of chunking have been shown to enable
experts to recall enhanced volumes of information
when needed to solve problems and transfer
knowledge to new situations (Johnson, 1992a;
Johnson & Thomas, 1992).  Chunking includes
use of both graphic organizers and visual imagery.

Graphic organizers such as concept
mapping and functional flow diagrams could
be of particular interest to technology
educators.  Concept maps graphically simplify
the display of concepts and the relationships
between those concepts as a means of
communicating, comprehending, and
analyzing relationships of a physical system or
body of knowledge.  They have been shown to
effectively act as mnemonic devices to help
learners remember as well as aiding in analysis
and understanding, troubleshooting, and
problem solving.  Providing or teaching
learners to create simple conceptual diagrams
helps students gain conceptual, holistic

Table 1. Metacognition Related Responses.
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understanding more quickly (Johnson, 1992a;
Johnson & Thomas, 1992; Satchwell, 1996;
West et al., 1991).  Use of simplified conceptual
diagrams may improve overall system
understanding, enhance ability to understand
function and behavior of systems, enhance
understanding of causal relationships, and
improve learner ability to reconstruct
conceptual models (deKleer & Brown, 1981;
Satchwell, 1996), or visual, coherent pictures
that are less easily forgotten.

Visual imagery has long been used to teach
drafting concepts as students were challenged to
visualize objects mentally cultivating the ability to
rotate and section parts and assemblies as well as
providing essential skills in invention and
innovation based on design activities.  More
recently, visual practice has also been proposed as
a method to provide low cost practice and
enhancement of tasks requiring fine motor skills,
high levels of eye-hand coordination, and with
significant cognitive elements.  This cognitive
technique essentially consists of repeatedly thinking
through a problem or process in a highly structured
and disciplined manner (Whetstone, 1995).

Reflection.
Reflection has been described as “those

intellectual and affective activities in which
individuals engage to explore their experiences
in order to lead to new understandings and
appreciations” (Boud, Keough, & Walker,

1985, p. 18).  Few people can convert personal
experience to transferable learning, principles,
or models through the experience alone.
However, the probability of the student making
that transition is enhanced if the student is
encouraged to focus, share, and reflect on the
meaning of the experience, the connections
between the experience and past experiences,
theories, and/or generalizable models.
Opportunities to reflect on and observe the
meaning of experiences, then integrating those
reflections and critical observations into
personal theories, enhance the probability of
transfer of learning to new contexts and
situations (Burnard, 1988; Kolb, 1984).

Experiential learning has been described
as having six distinct phases: planning,
introduction, activity, debriefing, summary,
and evaluation.  In this model, the reflection
or debriefing phase involves sharing and
discussing the experience: its details, order, and
meaning.  This is the opportunity for
participants to begin to make generalizable
connections to prior learning and experiences
(Walter & Marks, 1981).

Reflection has been defined as the mental
process of looking back over the completed
experience and performance to assess and
analyze, to make connections to convert
experience into learning (Collins, 1989).  The
need for reflection too often becomes apparent

Table 2. Schema theory related findings.
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when students participate in classroom-based
instructional experiences.  Many students seem
to follow the recommended procedures but fail
to grasp the significance of the event, the
connections between their recent experience
and relevant previously acquired knowledge
(West et al., 1991).  Reflection and articulation
of ideas and thought as instructional practices
enhance the ability to actively use and apply
knowledge in other contexts (Schell & Black,
1997).  It has been these reflective or debriefing
and summary phases that the author has
observed are often overlooked when
experiential learning activities have been
observed in technology education laboratories.

Situated Cognition/Learning.
Knowledge learned in context contains

information about the conditions and
constraints of its subsequent use.  The context
of learning impacts the learner’s later ability to
recall the knowledge as well as understanding
of the factors and conditions that are likely to
accompany application of the learning and the
ability to transfer it to new contexts (Johnson,
1992a; Johnson, 1995; West et al., 1991).

It is believed that situating learners in social
contexts where understanding is valued and
socially acquired enhances the probability of
transfer and application of that knowledge to
contexts in the realm of practice outside the
classroom (Schell & Black, 1997; Stern, 1998).
Situated learning allows students to construct
meaning from their experiences through doing.
Students do not rely on segmented instruction
structured and presented by instructors.  The

learning experience is problem or dilemma
driven, not dictated by content structure.
Instructional experiences are those that will be
encountered at home, in the community, and
in the workplace (Stern, 1998).  The process
of situated learning centers around three basic
elements: (a) discovery and application of
content; (b) the context, which defines likely
future use and transfer; and (c) the community
of practice, which joins analysis, reflection, and
shared language that help achieve shared
understanding (Stern, 1998).

The idea that learning should be grounded
in reality and practical application is not new
(Dewey, 1938, 1956; Whitehead, 1929).  It
has long been believed that the context in
which something is learned influences later use
of that knowledge.  Transfer of learning to
useful contexts outside the classroom is an
essential goal of technology education.

Cognitive Apprenticeship, Modeling
Cognitive Processes, Coaching, and Scaffolding.

Cognitive apprenticeship is believed to
provide structure to knowledge through creation
of mental models and enhanced development of
contextualized problem-solving processes.  The
cognitive apprenticeship is a metaphor for the
modifying of classroom instructional techniques
to incorporate aspects of traditional
apprenticeship training approaches.  In traditional
apprenticeship models (a) work and doing are
fundamental; (b) skills are developed beginning
with easier, low-risk events and progressing to the
more challenging; (c) the ability to know and do
are inseparable; (d) standards of performance are

Table 3. Visualization and Concept Mapping Related Responses.
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established by the community of practice; and
(e) teaching is a support activity with guided
practice and performance taking center stage
(Berryman, 1999).

In the cognitive apprentice model four
essential features prevail: application of content
with cognitive strategies imbedded, experiential
methods, sequencing from the simple to the
diverse and complex challenge, and the
sociology of the community of practice.  The
focus is on individual and group problem
solving situated in contexts that recreate real-
world contexts using the instructional concepts
of modeling, coaching, and scaffolding or
fading while providing increasingly complex
opportunities for learning (Berryman, 1999;
Brown, Collins, & Duguid, 1989; Cash,
Behrmann, Stadt, & Daniels, 1996; Collins,
Brown, & Newman, 1989; West et al., 1991).

Many of the skills people learn throughout
life are initially acquired and enhanced through
imitation.  Modeling involves conscious
verbalization by the instructor of those internal
cognitive strategies used by experts when
solving complex problems and analyzing
connections to existing knowledge.  Cognitive
modeling benefits students by making visible
how experts approach problems by integrating
skills and knowledge (Collins, 1989).  For
cognitive strategies to be acquired this way
through modeling and imitation, the instructor

must not only exhibit the outward
manifestations of learning, problem solving,
and interacting but must also make explicit the
mental thought processes used.  In this way
cognitive strategies used by experts can be
demonstrated, emphasized, and reinforced.
This emphasis and reinforcement increases the
probability of the strategies continued use
(West et al., 1991).

Coaching involves providing “students a
different perspective from which to understand
their own performance” (Collins, 1989, p. 3).
Traditional coaching techniques include
demonstrating skills, offering hints, and
providing formative feedback and reminders
(Berryman, 1999; Brown et al., 1989).  The
effective coach provides only as much help as
needed at critical times and focused on
individual difficulties (Collins, 1989).

The term scaffolding refers to management
of type and intensity of instructional guidance
provided by the instructor/mentor that is
designed to aid the student in increasing
competence and expertise through solution of
increasingly ill-defined and complex problem-
solving experiences.  The novice is encouraged
to practice problem-solving and complex skills
under the direct supervision of the expert.  As
the novice develops expertise, supervision and
oversight are gradually lessened, culminating
in fading (a gradual pulling back by the teacher)

Table 4. Reflection Related Responses.
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as the student assumes more control over the
learning process until finally supervision is
removed (Berryman, 1999; Brown et al., 1989;
Stern, 1998; West et al., 1991).

An essential aspect of learning under the
cognitive apprenticeship model is that the
student explores the shared culture and
language of the community of practice,
reflecting upon and evaluating newly acquired
skills and solutions in the context of
community practice (Brown et al., 1989).  In
this way the cognitive processes of the novice
can begin to emulate those of the expert.

Views of the Constructs
Sixty-five programs that reported three or

more technology education undergraduates or
three or more teachers certified in technology
education in the 1998-1999 CTTE/NAITTE
Industrial Teacher Education Directory (Bell,
1998-1999) were contacted.  Thirty-one
instruments were completed and returned for
a 50% response rate (after removing programs
from the list that no longer offered technology
teacher education).  Only simple descriptive
statistics were used in analysis of data.
1.   Metacognition.  There was strong support for

the importance of metacognition in
technology teacher education.  Thirty-eight
percent (11) of the respondents described
metacognition as essential or very important,

and an additional 55% (16) indicated that it
is important or at least somewhat important.
Surprisingly, given this level of perceived
importance, 23% (7) of the programs said
that the concept of metacognition was not
taught to students in their programs.  Further,
29% (9) indicated that faculty do not model
or integrate metacognition into their
instruction, and an additional 61% (19)
indicated that this concept is only occasionally
modeled or integrated into instruction.

2.   Schema Theory.  Twenty-four percent (7)
of the respondents identified knowledge
of schema theory as essential or very
important and 55% (16) selected
important or somewhat important in
technology teacher education.  This seems
to indicate a strong (79%) acceptance of
the importance of understanding this
theory.  This is also supported by the 18
(58%) programs which indicated that their
students comprehend or are aware of
schema theory and the additional
programs where students practice or
become proficient in use of schema theory.
A question is raised by the responses that
indicated that 87% (27) of these
technology teacher education programs
have faculty that model and/or integrate
use of schema theory into instruction only
occasionally or not at all.  Teacher

Table 5. Situated Cognition Theory Related Responses
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educators in our field are very familiar with
the disparity that often exists between a
student’s knowledge and his or her ability
to apply that knowledge.  If you accept
the axiom in instruction that teachers tend
to teach as they were taught, this last
finding makes one wonder about the
likelihood that most new technology
education teachers from these programs
will incorporate this theory into their
personal practice.

3.  Chunking.  Two questions focused on
chunking related techniques such as
visualization and graphic organizers,
specifically concept maps.  Support by
teacher educators for the importance of
knowledge of visualization was very strong
with 80% (24) of the respondents describing
it as essential or very important and the
remaining 20% (6) describing it as important
or somewhat important.  This high level of
perceived importance apparently is also
reflected in practice as instruction is delivered
to preservice teachers.

4.    Visualization and Concept Mapping.  Fifty-
eight percent (18) of the students are
reported to practice or become proficient
in the use of visualization.  This is further
(routinely or occasionally) modeled or
integrated into preservice teacher
instruction by faculty in 96% (30) of the
31 programs reporting.  While support for
knowing about concept mapping was also
strong, it was surprisingly less strong than
that expressed for visualization.  One
respondent indicated that knowledge of

concept mapping was not important, and
over one half (16 of 30) described it as
important or only somewhat important.
Similarly, 58% (18) of the programs
reported that students learn about concept
mapping at only the comprehension,
recognition, or awareness levels.  Further
use of concept maps is modeled or
integrated into instruction by teacher
education faculty only occasionally (52%)
or not at all (16%) in 68% of reporting
programs.  This last finding was puzzling,
considering the apparent support for
knowing about concept maps and the
usefulness of such tools in understanding,
learning about, and troubleshooting
technological systems.   It appears that
students come out of some technology
education programs with knowledge of
graphic organizers but little experience in
using these useful tools.

5. Reflection.  Technology teacher educators
acknowledged the importance of knowing
about reflection as a tool to aid in
transforming experience into learning.
Forty-eight percent of the respondents
described this concept as essential or very
important in technology teacher
education.  An additional 52% (15) classed
it as important or somewhat important.
Levels of learning about reflection by
preservice teachers was reported similarly
with 35% reporting that students practice
or become proficient in application of
reflection.  Sixty-one percent (19)
indicated that students achieve

Table 6. Cognitive Apprenticeship and Cognitive Modeling Related Responses
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40 recognition, comprehension, or awareness
levels of learning about reflection.  The
degree to which reflection was reportedly
modeled or integrated into faculty
instruction closely mirrored the levels of
learning with this cognitive skill routinely
modeled or integrated in 35% (11) of the
programs and occasionally modeled or
integrated in 58% (18).

6.  Situated Cognition or Learning.  This
concept was strongly supported as 74%
(23) selected essential or very important
to describe its importance in technology
teacher education.  The remaining
respondents thought it important or at
least somewhat important.  Once again,
this overwhelming support for the
importance of the concept does not
necessarily translate into classroom
instruction or experiences.  Almost 20%
(6) of the program representatives said that
students do not learn about situated
cognition in their teacher preparation.  To
further support this discrepancy, the same
20% said faculty did not model or
integrate situated cognition into their
instruction and an additional 32%
included it only occasionally.

7.  Cognitive Apprenticeship and Its Components.
As before, there is strong support for the
importance of including this into
technology teacher education.  Forty-one
percent (12) identified it as essential or very
important and an additional 52% (15)
classified this technique as important or
at least somewhat important to our field.
Again, support is not necessarily followed
by action in teacher preparation.  Twenty-
nine percent (9) indicated that students
in their programs do not learn about
cognitive apprenticeship.  Further, the
same number indicated that faculty do not
model or integrate cognitive
apprenticeship into instruction and an
additional 37% (11) indicated that it was
included only occasionally.
The trend is mirrored in the data about

cognitive modeling.  Fifty-eight percent (18)
of the program representatives indicated that
knowledge of cognitive modeling as a teaching
technique for technology education teachers
is either essential or very important and an
additional 36% (11) classified the technique
as either important or at least somewhat
important.  Their perceptions of importance

did not translate into student learning or
instruction.  Students in 23% (7) of the
programs do not learn about cognitive
modeling as a teaching technique.  In 23% of
the reporting programs, cognitive modeling
was neither modeled nor integrated into faculty
instruction, and in an additional 39% (12) this
technique was only modeled or integrated
occasionally by faculty.

Overwhelming support exists for coaching
as an instructional technique in technology
teacher education.  Fifty-eight percent (18)
described knowledge of this concept as essential
or very important and the remaining 42%
described it as important or at least somewhat
important to know about.

Scaffolding was afforded far less
importance than coaching.  Twenty-nine
percent (9) of the respondents described
scaffolding as essential or very important, but
19% (6) considered knowledge of this
construct not important.  This same disparity
continued as participating teacher educators
indicated that students in 42% of their
programs do not learn about scaffolding as an
instructional technique and 94% noted that
faculty in their programs model or integrate
scaffolding into instruction only occasionally
(55%) or not at all (39%).

The Questions in Light of the Survey
Results

What is the relationship between the
experiential learning approach of technology
education and the findings of cognitive science?

It has frequently been proposed that a
technology education program should prepare a
technologically literate person with “the ability
to use, manage and understand technology”
(ITEA, 1996, p. 6).  Similarly, Johnson (1992a)
observed that effective technology education
programs provide students with knowledge to
understand technology, technological skills, and
opportunities to using their knowledge and skills
to solve technological problems.  The universal
foundations proposed for structuring and
organizing the study of technology in technology
education programs are processes, knowledge,
and contexts (ITEA, 1996).  This same focus on
acquiring technological knowledge, skills/
processes, and the ability to transfer skills/
knowledge to new contexts would seem to be
important to structuring instructional delivery
in technology teacher education.

The primary focus of the cognitive science
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41constructs discussed in this article are increasing
the efficiency of learners in converting
information and experience into learning,
enhancing retention of learning, enhancing
transfer of knowledge and skills to new contexts
and situations, and helping students take greater
responsibility for their own learning.  These goals
would seem to be closely related.  Johnson
(1992a) identified several areas in cognitive
science that should be of particular interest to
technology educators:
• Mental models, graphic organizers, and

other learning aids designed to help
students link prerequisite knowledge or
schema to new knowledge and experiences.

• Metacognition.
• Situated cognition, and other aspects of

cognitive apprenticeship, particularly
cognitive modeling.

Each of these cognitive science constructs
or techniques enhances learning or transfer of
learning to new applications or contexts.  The
responses to my survey suggest that many
technology teacher educators support Johnson’s
suggestion that many cognitive science theories
and related instructional techniques are very
closely aligned with technology education and
its traditional emphasis on experiential learning.

To what extent are the theories of cognitive
science embraced, integrated, and taught by
technology teacher education programs?

One respondent to this survey observed
that there is an important distinction between
knowing about cognitive science concepts and
deliberately implementing cognitive science
theory.  This aptly describes the situation
reported in the survey responses.  While 48%
to 80% of the responding educators described
the top five constructs as essential or very
important, only 35% to 58% indicated that
technology teacher education students learn
about these concepts to the extent that they
practice or become proficient in their use.
Further, these concepts were routinely integrated
into or modeled during faculty instruction in
35% to 61% of the programs.  This relationship
for the five least favored cognitive science
constructs (24% to 47% identifying concepts
as essential or very important) and levels of
learning (13% to 39% providing students with
opportunities to practice or become proficient
in use of concepts).  Instances of integration and
/or modeling show even larger relative
differences with 6% to 33% of the programs
indicating that these concepts were routinely

integrated into or modeled during faculty
instruction.  Clearly there is a difference in levels
of knowing and doing in teacher education
programs, just as there are differences in
perceptions of importance and the frequency
that faculty model or integrate concepts into
their own instruction.

To what extent should the theories of cognitive
science be embraced, integrated, and taught by
technology teacher education programs?

I found that many teacher educators rank
many of these cognitive science constructs as
essential or very important in training technology
education teachers who are preparing to teach
the hands-on/minds-on approach to technology
education.  Well over one half of all respondents
rated visualization, situated cognition, coaching,
and modeling cognitive processes as essential or
very important.

The participants’ perceptions of
preparation of technology teachers in rank
order of importance from most to least
important resulted in the following:
1. Visualization
2. Situated cognition
3. Coaching
4. Cognitive modeling
5. Reflection and debriefing
6. Concept mapping
7. Cognitive apprenticeship
8. Metacognition
9. Scaffolding
10. Schema theory

Note that several of the constructs Johnson
(1992a) highlighted as of particular interest to
technology education, specifically mental
models, visual or graphic organizers, schemata,
and metacognition, were ranked among the
lowest in importance by these teacher educators.

It is regrettable that little change in the
conditions that Johnson had reported in 1992
were found.  Now, as then, the concepts and
techniques that have emerged from cognitive
science research appear to have great potential
for enhancing the study of technology at all
levels and yet the number of authors studying
and writing about these ideas in technology
education and/or other related technical
education contexts during the last decade can
still be easily counted on your fingers.

Dr. Dan Brown is an Associate Professor and
Coordinator of Graduate Studies in the Department
of Technology at Illinois State University.  He is an
Epsilon Pi Tau member-at-large.
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