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Bloom’s Taxonomy of Cognitive Operations

The best known and oldest cognition-based schema is Bloom’s (Bloom &
Associates, 1956) taxonomy or hierarchy of cognitive operations:

Knowledge: to memorize or recognize facts and terms

Comprehension: to translate or restate in one’s own words

Application: to utilize, apply, solve, or make useful

Analysis: to identify, examine, and come to conclusions about parts

or components, such as comparing and contrasting and deducing

assumptions and implications

e Synthesis: to make new connections among parts or components,
such as identifying relationships or creating something new

e Evaluation: to assess, judge, or defend quality, value, or validity

Bloom posited that the operations become more complex and advanced
moving from knowledge to evaluation, and that a learner must be able to
master all the lower-order ones before becoming adept at the higher-order
ones. For example, to conduct a sound analysis of an argument, students
must be able to identify relevant facts, terms, and “knowns” of the subject
matter; restate them in their own words; and apply them to a problem or
real-world situation. Mastering analysis of the subject opens the door to
learning synthesis, and synthesis to evaluation.

Anderson and Krathwohl’s Revision of Bloom’s Taxonomy

Anderson and Krathwohl (2000) introduced a gerund-based revision of
Bloom’s taxonomy. It more accurately names the lowest-order cognitive
operation, gives synthesis a more imaginative nuance, and reorders the two
highest-order cognitive operations:

Remembering
Understanding
Applying
Analyzing
Evaluating
Creating

In Bloom’s schema, evaluation is the most advanced type of learning, whereas
in this revised version creating is the most advanced. Otherwise, the principle
is the same: Demonstrating the higher-order cognitive operations is evidence
of more advanced learning.
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Perry’s Stages of Undergraduate Cognitive Development

Another cognition-based framework that posits a progression from basic to
more advanced learning is William G. Perry’s (1968) stages of undergradu-
ate cognitive development. Whereas the sequence of cognitive operations in
Bloom’s and Anderson and Krathwohl’s hierarchies is open to debate, Perry’s
stages follow a hard-and-fast order. They outline the process by which a stu-
dent comes to understand the true nature of knowledge as inherently uncer-
tain, incomplete human creations but still subject to definite standards of
comparison on quality, validity, and utility.

In his short four-stage schema (the longer nine-stage schema only makes
fine distinctions within the four stages), Perry called the intellectual perspec-
tive of the first stage “dualism.” Students first look upon a discipline-based
body of knowledge as a large aggregate of information, something like a long
list of phone numbers. It is a collection of facts, rules, and vocabulary words
to memorize. Further, these facts, rules, and terms are “real”; the facts are
indisputable, the rules always apply, and the terms name existing things or
phenomena. In other words, you can be absolutely certain of the validity and
reality of whatever is in that body of knowledge and, by implication, what-
ever the textbook says. A statement is either “right,” if it is found in that body
of knowledge, or “wrong,” if some piece of knowledge in that body contra-
dicts it. Moreover, disciplinary experts such as faculty have a ready command
of all that knowledge. Their job is to simply regurgitate it in writing, as stated
in a textbook or an article, or verbally, as said in a lecture, so the students
can “absorb” and memorize as many of the facts, rules, and terms as possible.

No doubt this type of fact-anchored, black-and-white, right-or-wrong
thinking is characteristic of most undergraduates and, frankly, most peo-
ple in general. Students in this stage see little organization to the aggregate
of information on a subject and, logically enough, believe that the way to
learn it is to memorize it for either recognition or regurgitation on the next
test. With this perspective on the nature of knowledge, the only level of
thinking is remembering, which is the lowest level in Anderson and Krath-
wohl’s taxonomy.

A student will not progress beyond dualism unless she learns that bod-
ies of knowledge contain uncertainty—that is, they do not cover all there
is to know. Gaps in knowledge exist. Some future events are not precisely
predictable. Questions remain unanswered. The critical question is, Why? At
the second of Perry’s stages of undergraduate cognitive development, called
“multiplicity,” the student thinks that the uncertainty stems from the incom-
petency of experts to find all the answers, or that the instructor is leading her
to believe uncertainty exists for the sake of some kind of intellectual exercise.
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But she may soon decide that the unknowns are real but only a temporary
problem while experts complete their research to “fill in” the factual blanks.

Reaching the third stage represents a qualitative leap in a student’s under-
standing of the nature of knowledge. It rests on the insight that knowledge
is not something that really exists “out there” and is merely waiting to be
discovered and named. Rather, knowledge is a human cognitive creation—
scholars’ interpretation of specific observations and data, some apparent pat-
terns and trends that experts have identified, a grid that authorities put over
a messy reality to malke sense of it. Imperfect as it may be, this grid allows us
to predict and manipulate our world to some extent and often to increase our
collective survival chances. Bur at its core, knowledge is inherently uncertain.

Perry called this third stage “relativism.” Although a fairly advanced stage
of thinking, it fails to distinguish degrees of quality among different para-
digms or grids. The relativistic learner discredits the most informed, well-
grounded interpretations and even knowledge itself as “someone’s opinion.”
As a logical extension of this perspective, each opinion rates about the same,
and therefore the student’s opinion ranks about as valid as the next. Of course,
students usually realize that such thinking does not help in factual matters
and that they are unlikely to come up with a theory of their own regarding
the physics or chemistry of the universe. However, they may use this reason-
ing to justify their belief in creationism or intelligent design, individualism
(in opposition to social structural explanations of human outcomes), and just
about any ethical system. Perhaps corrupt government officials and corporate
leaders have rationalized their ethical breaches using a relativistic perspective.
In fact, relativism can excuse just about any value, belief, and action that
human beings are capable of. For this reason, it can be a dangerous landing
for students to rest on very long. In time, the libertarian excitement of rela-
tivism may wear off as they find themselves having to qualify its principles
and live with too many internal contradictions (“It’s okay to cheat someone
except when the victim is a child, parent, spouse, minister, friend, pregnant
woman, etc.”). Should this happen, students will welcome entering the next
stage of development.

The fourth and final stage is called “commitment,” which means mak-
ing a tentative commitment to the best available paradigm or grid. Students
advance this far upon realizing that not all interpretations are equally valid
and useful and that the interpretations of experts are not just their opinions.
On a personal level, this insight prompts them to choose a certain viewpoint,
ideology, or moral code after examining the strengths and weaknesses of vari-
ous alternatives. Students view their choice as the best they can make for now
and understand its limitations and trade-offs. Perhaps at some time in the
future, they will adjust or change their commitment as they acquire greater
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knowledge and wisdom. On an intellectual level, a student comes to realize,
ar least for this discipline, that experts compare competing interpretations.
They write philosophical treatises arguing the merits and deficits of vary-
ing perspectives. They conduct careful scientific research—at crucial junc-
tures, critical experiments—to assess the relative strengths and weaknesses
of competing paradigms (Kuhn, 1996). They mainrain high, well-developed
standards to justify favoring one over another. These may involve scientific
evidence, plausibility, precedence, or the safety of human life, depending on
the discipline.

Undergraduates do not necessarily progress through these stages of cog-
nitive development. In fact, they may graduate from college with the same
dualistic mind-set with which they entered. Faculty may have to consciously
help their students advance through the stages. They would do well to set
learning outcomes and integrate learning activities with the aim of moving
their students through a couple, if nor all, of these stages.

Wolcott and Lynch’s Thinking Performance Patterns

The final framework that defines lower-level through higher-level learning was
developed by Wolcott and Lynch (2006a; Wolcott, 2006). It is built on a hier-
archy of four problem-solving skills that vary by level of complexity (Wolcott,
2006). The least complex (step 1) is identifying, which involves pointing out
and describing the relevant information as well as the uncertainties (risks)
and unknowns. Step 2 is exploring, which entails interpreting information
from different standpoints and organizing it into categories. In Bloom’s or
Anderson and Krathwohl’s hierarchies, this level of thinking would be quite
high, overlapping with analysis (of advantages and disadvantages), synthesis/
creating (categories), and even evaluation (of the information). But in Wol-
cottand Lynch’s, it is quite basic. Step 3 is prioritizing, which includes draw-
ing and assessing sound conclusions, appraising risk, developing plans and
policies, and implementing them with the participation of others. Anderson
and Krathwohl’s concepts of evaluating and creating are reflected here, but
so are leadership and communication. The final step is re-visioning, which
combines analyzing the limitations of a problem-solving strategy, charting
future directions and strategies, monitoring and evaluating these strategies,
and adjusting them as needed. Again, evaluating, creating, and leading are
the major challenges, but unlike in the prioritizing step, they are forward
looking. _

These four steps provide the foundation for Wolcott and Lynch’s (2006a)
five Thinking Performance Patterns. Ascending a hierarchy, the patterns
demonstrate more complex and sophisticated thinking skills represented by
the steps described in Table 3.1.
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The simplest pattern is that of the Confused Fact-Finder, which has
mastered none of the skills of the four steps. Paralleling dualism, this mind-
set defines problem solving as a quest to find the one correct solution or
answer.

Next is the Biased Jumper, which “jumps” to a problem solution with-
out assessing all the data or entertaining alternatives. This type of mind is
proficient only in identifying relevant information, which is characteristic of
step 1. So it views problem solving as amassing evidence to support its hastily
chosen solution. Like Perry’s relativistic thinker, the mentality of the Biased
Jumper considers all opinions as equally valid but discounts those different
from its own. In addition, it sees authorities as trying to force their opinions
on others.

Third up the hierarchy lies the Perpetual Analyzer, a mind-set strong in
identifying and exploring information (step 2) but weak in the skills of steps
3 and 4. It strives to reach an objective, balanced view of the evidence and
represent every approach to the problem. However, it lacks the standards
to prioritize and decide among the perspectives available, making informed
judgment and committed action impossible. While more sophisticated than
the Biased Jumper, the Perpetual Analyzer is also relativistic in regarding all
opinions as equally valid, but the latter discounts none of them. In Perry’s
framework, this is the advanced stage of relativism. The paralysis it engenders
readies a person to seek commitment.

The fourth approach to problem solving is represented by the Pragmatic
Performer, which is proficient in the skills of steps 1-3. With no problem
prioritizing, this mind-set aims to arrive at and implement the most strongly
supported conclusion after rationally comparing the various alternarives.
It may study expert opinions on the matter and solicit the advice of other
involved parties. While prepared to make a commitment to the best avail-
able approach, the Pragmatic Performer prefers certainty over tentativeness
and may miss some of the limitations and longer term ramifications of the
selected decision—in other words, it comes to premature closure and resists
contrary evidence and change.

Only the Strategic Re-Visioner brings the thinking skills of all four steps
to developing a problem solution. While avoiding closure, this mentality takes
action guided by long-term strategic goals. The tentativeness of its commit-
ment to a course of action motivates a continual reassessment of prior deci-
sions and, therefore, ongoing collection and analysis of additional information
over time. Because the Strategic Re-Visioner is not emotionally attached to or
ego involved with a solution, this mind-set is ever sensitive to the limitations
of its chosen strategies and conclusions and is open to adjusting them as con-
ditions change, new information appears, or better alternatives emerge.
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Obviously, progressing through the problem-solving skills from steps 1
through 4 and ascending the hierarchy of Thinking Performance Patterns
from the Confused Fact-Finder through the Strategic Re-Visioner demon-
strates the acquisition of more complex, advanced thinking. When con-
fronted with a fuzzy problem, the student who displays more thinking skills
and a higher-level performance pattern in developing a solution is jumping
higher hurdles than one who manifests fewer skills and a lower-level perfor-
mance Pattern.

Mathematical and Logical Problems

Anyone who has ever taken a course in mathematics, physics, or com-
puter science knows that the end-of-chapter problems start out with some
straightforward drill-type problems that look like those that the chapter
used for demonstration. Students can solve these with a plug-and-chug
strategy that requires little or no quantitative reasoning or understanding
of the concepts and principles involved. As the problems progress, they
become more difficult. Perhaps the contexts of the word problems morph
in unanticipated ways. Or the problems contain an unexpected unknown.
Or they look like a problem from an earlier lesson that required a different
algorithm to solve. Or the solutions entail multiple steps. Or they require
not just the chapter’s lesson but an integration of materials from previous
chapters as well. Or visualizing the parts of the problems is essential to
determining the right approach. Any number of factors can make problems
more challenging.

For whatever reasons, fewer students are able to solve more complex
problems, and those who do usually take longer to solve them than the easier
problems. Solving such problems, and doing so within a reasonable time
frame, demonstrates more advanced thinking than solving only the easier
textbook problems.

Summary of the Frameworks

We have reviewed four cognition-based frameworks, one with hierarchies of
both problem-solving skills and Thinking Performance Patterns, that define
levels of learning from basic through advanced. We have also acknowledged
the varying difficulty levels of mathematical and logic-based problems. These
different schema for defining levels of learning show that there are various
types of advanced learning and many ways to conceive and structure higher
hurdles in assignments and test questions.

As Figure 3.1 displays, the height of the hurdles varies independently
of the number of hurdles, which is a function of the amount of content




