THEORIES OF LEARNING

10. BLOOM’S TAXONOMY & DISTRIBUTED COGNITION

10.1. What is Bloom’s Taxonomy?

Understanding that "taxonomy" and "classification™ are synonymous helps dispel
uneasiness with the term. Bloom's Taxonomy is a multi-tiered model of classifying
thinking according to six cognitive levels of complexity. Throughout the years, the
levels have often been depicted as a stairway, leading many teachers to encourage
their students to climb to a higher (level of) thought. The lowest three levels are:
knowledge, comprehension, and application. The highest three levels are: analysis,
synthesis, and evaluation. The taxonomy is hierarchical where each level is
subsumed by the higher levels. In other words, a student functioning at the
‘application’ level has also mastered the material at the 'knowledge' and
‘comprehension’ levels. One can easily see how this arrangement led to natural
divisions of lower and higher level thinking. Clearly, Bloom's Taxonomy has
stood the test of time. Due to its long history and popularity, it has been condensed,
expanded, and reinterpreted in a variety of ways. Research findings have led to the
discovery of a veritable smorgasbord of interpretations and applications falling on
a continuum ranging from tight overviews to expanded explanations. Nonetheless,
one recent revision (designed by one of the co-editors of the original taxonomy
along with a former Bloom student) merits particular attention. Changes in
terminology between the two versions are perhaps the most obvious differences
and can also cause the most confusion. Basically, Bloom's six major categories
were changed from noun to verb forms. Additionally, the lowest level of the
original, knowledge was renamed and became remembering. Finally,
comprehension and synthesis were retitled to understanding and creating. In an
effort to minimize the confusion, comparison images appear below.
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The new terms are defined as:

. Remembering: Retrieving, recognizing, and recalling relevant knowledge
from long-term memory.

« Understanding: Constructing meaning from oral, written, and graphic
messages through interpreting, exemplifying, classifying, summarizing,
inferring, comparing, and explaining.

« Applying: Carrying out or using a procedure through executing, or
implementing.

« Analyzing: Breaking material into constituent parts, determining how the
parts relate to one another and to an overall structure or purpose through
differentiating, organizing, and attributing.

. Evaluating: Making judgments based on criteria and standards through
checking and critiquing.

. Creating: Putting elements together to form a coherent or functional whole;
reorganizing elements into a new pattern or structure through generating,
planning, or producing.

10.2. Structural Changes & Changes in Emphasis

Structural changes seem dramatic at first, yet are quite logical when closely
examined. Bloom's original cognitive taxonomy was a one-dimensional form. With
the addition of products, the Revised Bloom's Taxonomy takes the form of a two-
dimensional table. One of the dimensions identifies The Knowledge Dimension (or
the kind of knowledge to be learned) while the second identifies The Cognitive
Process Dimension (or the process used to learn).

The Knowledge Dimension on the left side is composed of four levels that are
defined as Factual, Conceptual, Procedural, and Meta-Cognitive. The Cognitive
Process Dimension across the top of the grid consists of six levels that are defined
as Remember, Understand, Apply, Analyze, Evaluate, and Create. Each level of
both dimensions of the table is subdivided. Each of the four Knowledge
Dimension levels is subdivided into either three or four categories (e.g. Factual is
divided into Factual, Knowledge of Terminology, and Knowledge of Specific
Details and Elements). The Cognitive Process Dimension levels are also
subdivided with the number of sectors in each level ranging from a low of three to
a high of eight categories. For example, Remember is subdivided into the three
categories of Remember, Recognizing, and Recalling while the Understanding
level is divided into eight separate categories. The resulting grid, containing 19



subcategories is most helpful to teachers in both writing objectives and aligning
standards with curricular. It is noted that Bloom himself recognized that the
taxonomy was being unexpectedly used by countless groups never considered an
audience for the original publication. The revised version of the taxonomy is
intended for a much broader audience. Emphasis is placed upon its use as a more
authentic tool for curriculum planning, instructional delivery and assessment.

10.3. Why use Bloom's Taxonomy?

As history has shown, this well known, widely applied scheme filled a void and
provided educators with one of the first systematic classifications of the processes
of thinking and learning. The cumulative hierarchical framework consisting of six
categories each requiring achievement of the prior skill or ability before the next,
more complex, one, remains easy to understand. Out of necessity, teachers must
measure their students’ ability. Accurately doing so requires a classification of
levels of intellectual behavior important in learning. Bloom's Taxonomy provided
the measurement tool for thinking. With the dramatic changes in society over the
last five decades, the Revised Bloom's Taxonomy provides an even more powerful
tool to fit today's teachers' needs. The structure of the Revised Taxonomy Table
matrix provides a clear, concise visual representation of the alignment between
standards and educational goals, objectives, products, and activities.

Today's teachers must make tough decisions about how to spend their classroom
time. Clear alignment of educational objectives with local, state, and national
standards is a necessity. Like pieces of a huge puzzle, everything must fit properly.
The Revised Bloom's Taxonomy Table clarifies the fit of each lesson plan's
purpose, "essential question," goal or objective. The twenty-four-cell grid from
Oregon State University that is shown above can easily be used in conjunction with
Printable Taxonomy Table Examples to clearly define the Essential Question or
lesson objective. A search of the World Wide Web will yield clear evidence that
Bloom's Taxonomy has been applied to a variety of situations. Current results
include a broad spectrum of applications represented by articles and websites
describing everything from corrosion training to medical preparation. In almost all
circumstances when an instructor desires to move a group of students through a
learning process utilizing an organized framework, Bloom's Taxonomy can prove
helpful. Yet the educational setting remains the most often used application.

In 2002, the educational journal Theory into Practice published an entire issue on
the Revised Bloom's Taxonomy. The writer describes the use of the revised
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Bloom's Taxonomy to plan and deliver an integrated English and history course
entitled "Western Culture." The taxonomy provided the team-teachers with a
common language with which to translate and discuss state standards from two
different subject areas. Moreover, it helped them to understand how their subjects
overlapped and how they could develop conceptual and procedural knowledge
concurrently. Furthermore, the taxonomy table in the revised taxonomy provided
the history and English teachers with a new outlook on assessment and enabled
them to create assignments and projects that required students to operate at more
complex levels of thinking.

Additionally, The Encyclopedia of Educational Technology website contains an
excellent and extensive description of the use of the Revised Taxonomy Table in
writing, examining and revising objectives to insure the alignment of the objectives
with both the standards and the assessments. Three charts can be found on the site
one of which compares "Unclear Objectives™ with "Revised Objectives”. Bloom's
group initially met hoping to reduce the duplication of effort by faculty at various
universities. In the beginning, the scope of their purpose was limited to facilitating
the exchange of test items measuring the same educational objectives. Intending
the Taxonomy as a method of classifying educational objectives, educational
experiences, learning processes, and evaluation questions and numerous examples
of test items (mostly multiple choice) were included. This led to a natural linkage
of specific verbs and products with each level of the taxonomy. Thus, when
designing effective lesson plans, teachers often look to Bloom's Taxonomy for
guidance. Likewise the Revised Taxonomy includes specific verb and product
linkage with each of the levels of the Cognitive Process Dimension. However, due
to its 19 subcategories and two-dimensional organization, there is more clarity and
less confusion about the fit of a specific verb or product to a given level. Thus the
Revised Taxonomy offers teachers an even more powerful tool to help design their
lesson plans.

10.4. Distributed Cognition

Distributed cognition is a psychological theory that knowledge lies not only within
the individual, but also in the individual's social and physical environment. This
theory was developed in the mid-1980s by Edwin Hutchins. Using insights from
sociology, cognitive science, and the psychology of Vygotsky (cultural-historical
psychology) it emphasizes the social aspects of cognition. It is a framework (not a
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method) that involves the coordination between individuals, artifacts and the
environment. It has several key components:

1. Embodiment of information that is embedded in representations of
Interaction

2. Coordination of enaction among embodied agents

3. Ecological contributions to a cognitive ecosystem

In a sense, it expresses cognition as the process of information that occurs from
interaction with symbols in the world. It considers and labels all phenomena
responsible for this processing as ecological elements of a cognitive ecosystem.
The ecosystem is the environment in which ecological elements assemble and
interact in respect to a specific cognitive process. Cognition is then shaped by the
transduction of information across extended and embodied modalities, the
representations formed as result of their interactions and the attentive distribution
of those representations toward a cognitive goal.

Distributed cognition is a branch of cognitive science that proposes that human
knowledge and cognition are not confined to the individual. Instead, it is
distributed by placing memories, facts, or knowledge on the objects, individuals,
and tools in our environment. Distributed cognition is a useful approach for
(re)designing social aspects of cognition by putting emphasis on the individual and
his/her environment. Distributed cognition views a system as a set of
representations, and models the interchange of information between these
representations. These representations can be either in the mental space of the
participants or external representations available in the environment.

This abstraction can be categorized into three distinct types of processes:

1. Cognitive processes may be distributed across the members of a social
group.

2. Cognitive processes may be distributed in the sense that the operation of the
cognitive system involves coordination between internal and external
(material or environmental) structure.

3. Processes may be distributed through time in such a way that the products of
earlier events can transform the nature of related events.
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10.5. Applications

Distributed cognition as a theory of learning, one in which the development of
knowledge is attributed to the system of thinking agents interacting dynamically
with artifacts, has been widely applied in the field of distance learning, especially
in relation to Computer Supported Collaborative Learning (CSCL) and other
computer-supported learning tools. For example, in the field of teaching English
Composition, Kevin LaGrandeur has argued that CSCL provides a source of
common memory, collaborative space, and a cognitive artifact (tool to enhance
cognition) that allows students to more easily build effective written compositions
via explicit and implicit machine-human collaboration. Distributed cognition
illustrates the process of interaction between people and technologies in order to
determine how to best represent, store and provide access to digital resources and
other artifacts.

Collaborative tagging on the World Wide Web is one of the most recent
developments in technological support for distributed cognition. Beginning in 2004
and quickly becoming a standard on websites, collaborative tagging allows users to
upload or select materials (e.g. pictures, music files, texts, websites) and associate
tags with these materials. Tags can be chosen freely, and are similar to keywords.
Other users can then browse through tags; a click on a tag connects a user to
similarly tagged materials. Tags furthermore enable tag clouds, which graphically
represent the popularity of tags, demonstrating co-occurrence relations between
tags and thus jump from one tag to another. Distributed cognition can also be seen
through cultures and communities. Learning certain habits or following certain
traditions is seen as cognition distributed over a group of people. Exploring
distributed cognition through community and culture is one way to understand how
it may work. With the new research that is emerging in this field, the overarching
concept of distributed cognition enhances the understanding of interactions
between humans, machines and environments.

10.6. Metaphors and Examples

Distributed cognition is seen when using paper and pencil to do a complicated
arithmetic problem. The person doing the problem may talk with a friend to clarify
the problem, and then must write the partial answers on the paper in order to be
able to keep track of all the steps in the calculation. In this example, the parts of
distributed cognition are seen in:
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« setting up the problem, in collaboration with another person,
« performing manipulation/arithmetic procedures, both in one's head and by
writing down resulting partial answers.

The process of working out the answer requires not only the perception and
thought of two people, it also requires the use of a tool (paper) to extend an
individual's memory. So the intelligence is distributed, both between people, and a
person and an object. Another metaphor for distributed cognition would be an
airplane and the crew on it. It is not the cognitive performance and expertise of any
one single person or machine that is important for the continued operation of the
airplane. The cognition is distributed over the personnel, sensors, and machinery
both in the plane and on the ground, including but not limited to the pilots and
crew as a whole.



