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Higher-order thinking is one of the defining characteristics of
higher education, yet the rating of such behavior has been neither
reliable nor valid. Recent research involving the use of categories
has yielded relatively high inter-rater reliability, with nominal
categories of behavior identified. The current study applies an
ordinal-scale model of hierarchical complexity (MHC) to educa-
tional tasks. The initial results suggest that the MHC can be used
to score questions with varying degrees of complexity and
support, and that future research should concentrate on determin-
ing the reliability and validity of this scoring system for
educational purposes.

In higher adult education, the attainment of higher-order
thinking (HOT) skills is an expected, integral part of a liberal arts
education (Halpern, 1998). However, the reliability and validity of
HOT skills is not well established (Williams, 1999). The current
state of the research suggests that there are many different ways to
define and assess HOT skills, such as “reasoned argumentation”
(Newman, 1991a, 1991b), comparison of similar elements
(Carnine, 1991), application (Hohn, Gallagher, & Byrne, 1990;
Semb & Spencer, 1976), or effective judgments (Paul & Heaslip,
1995) within a discipline. Despite the variety of such summary
labels and definitions, so far little has been done to operationally
define and rate the complexity of both the educational task, and
the type of response provided by students.

Behavioral Research in Higher Order Thinking

Early categorical assessment

Within the last few decades, there has been movement on the
part of behavior analysts to find more reliable methods of evaluat-
ing higher-order thinking. First, Semb and Spencer divided the
behaviors into recall (point-to-point correspondence to media)
versus more complex tasks. The more complex tasks included
problem-solving in which students either had to identify a
principle or concept in a novel example, or generate a novel
example of a principle or concept. Johnson and Chase also broke
down the lower-level and higher-level thinking behavior into
elementary versus conceptual, respectively. The Elementary
category was considered lower-level, and the conceptual category
was higher-level that seemed to again require students to apply
principles and concepts in a novel way through the use of exam-
ples. In both cases, the researchers were able to obtain high levels
of inter-rater agreement. This is perhaps a testament to having two
dichotomous, nominal, categories of behavior, in which the levels
are clearly far apart: either the answer is already in the media
presented, or it is not. Such a definition would make scoring much
more reliable. However, finer discriminations between levels of
higher-order thinking are needed to more precisely state goals and
objectives involved in higher education.

Recent categorical assessment

In the past decade, there has been some attempt to now
provide more precise definitions for the values between the two
extreme categories. The first line involves attempting to modify
Bloom’s (1956) Taxonomy of Educational Objectives in the
Cognitive Domain. The taxonomy has six general categories (see
Table 1), as modified by Joseph Pear, myself, and several of our
colleagues at the University of Manitoba (Crone-Todd, Pear &
Read, 2000; Pear, Crone-Todd, Wirth, & Simister, 2001).

Table 1. Lower- and Higher-Level Categories in Higher Order
Thinking

Lower-Level: Answers  Higher-Level: Going Beyond
found in Instructional Instructional Media

Media
Rote Manner Knowledge  Application
Comprehension Analysis
Synthesis
Evaluation

This taxonomy is further delineated by two major categories:
(a) based on material presented (either in lecture, text, or other
media), and (b) based on going beyond the material presented.
The first category consists of material that can be learned in a rote
manner (Knowledge), or put in one’s own words (Comprehen-
sion).  The second has four sub-categories. The first is
Application, in which an original example is provided, or a
particular concept, principle, or procedure is identified in a new
example. The second is Analysis, which involves comparison and
contrast, including comparing an example to a definition. The
third is Synthesis, which involves more complex application (i.e.,
combining several principles, concepts, or procedures) to solve a
unique problem, or classifying several examples into classes.
Finally, Evaluation involves all of the previous categories, in a
manner consistent with developing one’s own argument.

The research (Crone-Todd et al., 2000; Pear et al., 2001)

shows that good inter-rater and inter-group reliability can be
obtained with the first four Knowledge, Comprehension, Applica-
tion, and Analysis.
However, thus far there have been too few exemplars of Synthesis
and Evaluation to adequately determine Reliability for those
categories. In addition, the research is divided in terms of whether
the taxonomy is truly hierarchical or not. At best, one might
suppose that the lower-level and perhaps the higher-level Applica-
tion and Analysis categories may be ordinal measures. However,
the lack of reliable measures for the Synthesis and Evaluation
categories makes it difficult to assess the measurement scale
involved.

Although beyond the scope of the present paper, it must be
acknowledged that all of this complex human behavior involves
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the use of verbal behavior (Skinner, 1957). As the level of
complexity increases, the student moves through echoic and tact
behaviors, and then to more and more complex intraverbal
behavior, which involves learning concepts (i.e., stimulus classes)
and equivalence relations, as well as relational frames (see Crone-
Todd & Pear, 2002, Hayes, 1994, and Sidman, 1994 for a more
discussion of these concepts).

One issue that is especially relevant to the current research
on he modified taxonomy is whether in fact there are more
difficult levels of each of the categories. For example, it might be
relatively simple to demonstrate memorization or comprehension
of a simple definition or fact. However, demonstrating memoriza-
tion or comprehension of more complex definitions or facts would
be more difficult.

Assessment of behavioral hierarchical complexity

Another line of research that may shed light on the complex-
ity level is by Commons and his colleagues (e.g., Commons &
Miller, 1998; Commons, Miller, Goodheart, & Danaher-Gilpin,
2005; Commons, Trudeau, et al., 1998) in the Model of Hierarchi-
cal Complexity (MHC). This yields a stage theory that has some
initial similarity to Piaget’s work, but goes beyond Formal
Operations and divides task properties from performance proper-
ties. A property of tasks is that they can be described by orders of
hierarchical complexity. Stages of performance are the corre-
sponding numbers when a task of a given order has been
successfully completed. Systematic stage is the first stage beyond
Formal stage. Actions at that stage essentially organize two or
more relationships among variables. Evidence of this stage is
inferred from demonstration of an understanding of multivariate
causation, for example. Metasystematic is the next stage, in
which one can compare, contrast, and synthesize systems of
formal relations. At the Paradigmatic stage, one synthesizes
systems of systems (metasystems) into new fields based on new
paradigms. A further synthesis across fields may result in an
entirely new field emerging, or old ones being substantially
revised. When this occurs, the person can be said to be operating
at a cross-paradigmatic stage. Since the model appears to increase
in complexity, it would be considered an ordinal measure.

The Relationship between Categories and
Hierarchical Complexity

As one contemplates the stages in the complexity model, one
can formulate some theories about how Bloom’s and the hierar-
chical complexity model are related to one another. For example,
the Systematic order task would require that one can demonstrate
knowledge and comprehension of two relationships among
variables and how they interact to form a system. To go onto the
Metasystematic order, it seems reasonable to postulate that one
must apply and analyze the properties of two or more systems, and
how the nature of the variables within the system produce
differences and similarities in the systems. It may also be the case
that there is a synthesis needed to truly demonstrate understanding
of an interaction effect. Arguing for why there is a main effect or
interaction would surely indicate that this is the case at the
systematic stage. The very wording (see above) of the Paradig-
matic Order would imply synthesis, and if one wishes to establish
and keep the new field alive, they must evaluate the new field, and
argue for its existence. The Paradigmatic order necessarily
involves all of the categories in Bloom’s taxonomy, because one
would have to analyze the metasystems involved, and then
synthesize elements of those metasystems into a new one.
According to the research, it is very rare to find people at the
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Paradigmatic or Cross-Paradigmatic stages.

One question that might arise is as follows: Why use both
Bloom’s taxonomy and the MHC if the phrases and definitions in
the hierarchical complexity model are so similar? After all,
perhaps the hierarchical complexity model itself would suffice to
conduct research and to better define stages of complex behavior.
However, research also suggests that at the various orders of
complexity, individuals can only demonstrate understanding of a
stage that is one or two above where they are currently scoring. If
this is the case, then the use of the taxonomy may be a useful tool
for describing the levels of support for engaging in increasingly
more complex behavior.

There are seven levels of support identified (Commons &
Miller, 1998; Commons, Danaher-Gilpin, Miller, & Goodheart,
2002) to help individuals move from one stage to the next one.
They are identified in Table 2 below, with the associated Bloom’s
taxonomy categories.

Table 2. MCH level of support, action, and associated
Bloom’s taxonomy

MHC Action
Level of Support

Bloom’s Taxon-
omy Category

Manipulation Student performs

with guided help ~ N/A
Transfer of Stimu-  Student performs  Knowledge

lus Control with cue

Pervasive Imitation ~ Student can Knowledge
imitate

Direct No support Comprehension

Problem Finding Discover task, Application
give example

Question Finding Find and solve Synthesis/
problems with Evaluation
stimuli

Phoneme Finding Discover new Synthesis/
phenomenon Evaluation

without stimulus

The purpose of this research, then, is to show how the MHC
might be applied to questions that have already been rated reliably
using the modified Bloom’s taxonomy (i.e., Crone-Todd, et al.,
2000). What follows is an application of this approach to demon-
strate that despite lower-level assessments using a categorical
system, that greater complexity may be required of students.

Scoring Questions Using MHC
Method

Two raters scored each of the following questions, which are
taken verbatim from Martin & Pear (2003). All of the questions
have previously been reliably assessed using the modified version
of Bloom’s taxonomy (Crone-Todd et al, 2000), and have been
used extensively in a computer-aided personalized system of
instruction (CAPSI, see Pear & Crone-Todd, 1999) in Canada
and the United State of America.

The first rater assessed the questions, and then compared
scoring with the second rater. The first rater was a novice, and the
second rater was skilled in scoring using the MHC. Overall rates
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of agreement were high (87.50%).

The questions were chosen on the basis of being previously
assessed as being in the Knowledge or Comprehension categories.
In all cases, the answers to the questions could be found by
reading the textbook (Martin & Pear, 2003).

Definitions

The items assessed refer to the components of questions
asked relating to the material presented in the text. The modified
Bloom’s taxonomy category is the level at which the item was
previously scored. The MHC order is the stage at which the
question, prima facie, would be scored (see above). The level of
support provided by the text refers to whether or not the answer is
contained in the text (one level of support), or not (none). Finally,
the functional stage of behavioral complexity is arrived at by
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subtracting the level of support from the MHC order. This
effectively results in a scored stage of behavioral complexity for
the task.

Results & Discussion

The scored items (see Table 3) reveal that there are varying
levels of complexity, despite only two previously assessed
categories. What is suggested here is that what Bloom and his
colleagues identified was perhaps summary labels that are related
both to the level of complexity and to the levels of support that
were responsible for moving students through the process of a
particular stage related to the educational level at which they
were, and could be, functioning. This also suggests that other
behavioral researchers (e.g., Johnson & Chase, 1981; Semb &
Spencer, 1976) also broke down complex tasks into categories in
which they could specify the behaviors that must be performed.
However, none of the previous approaches speak to the complex-
ity of the task.

Table 3. Comparison of a modified Bloom’s taxonomy and the MHC scoring system

Item from Martin & Pear (2003) Modified Bloom’s MHC Order Level of Support Functional Stage
category Provided of Behavioral
by Text Complexity
What is PSI? Comprehension Abstract Pervasive imitation ~ Concrete

Who was its founder? Rote Knowledge Concrete Pervasive imitation ~ Concrete

State at least five characteristics of PSI Comprehension Systematic Pervasive imitation ~ Formal

Briefly describe how PSI has made use of Pervasive imitation ~ Formal

computer technology

Comprehension Systematic

Which is more effective for teaching undergradu-  Rote knowledge Concrete Pervasive imitation ~ Concrete

ates, the traditional lecturing approach or PSI?

Justify your answer. Evaluation Metasystematic Pervasive imitation ~ Formal

What is a positive reinforcer? Rote Knowledge Formal Pervasive imitation ~ Abstract

In what way is positive reinforcement like Comprehension Metasystematic Pervasive imitation ~ Systematic

gravity?

One interesting aspect of using a scoring system that
considers the hierarchical complexity of the task is that it may lead
educators to consider the current skill complexity shown by
students, and what the final goal would be for the educational
level. For example, sometimes students struggle with course
material, which may produce punishment or extinction, leading to
less interest in the material (see Crone-Todd, Eyre, Hutchens,
Jones, & Pear, in press). This problem might be alleviated by
allowing for more support in developing the more complex skill,
which could lead to more reinforcement and higher-order think-
ing.

The process involved in providing levels of support is
consistent with both the behavioral and constructivist literature
(see Pear & Crone-Todd, 2002 for a discussion of similarities
between constructivism and behaviorism). The behavioral
approach would call the initial support and cues, followed by
removal of these supports, fading. As students engage in more and
more independent actions (direct, problem finding, question
finding, and phoneme finding), their behavior is being shaped and

chained through the use of both extinction for lower-level
performance, and reinforcement for closer approximations up
through the levels of support. The constructivist approach would
call this process the scaffolding that takes place to move the
student through their zone of proximal development (Arlin, 1975,
1984; Fischer et al., 1984; Vygotsky, 1978).

An approach that considers the behavioral aspects involved
in the order of hierarchical complexity should be useful to both
stage theorists and to constructivists. An integrated approach
should allow both educators and researchers to formulate indi-
vidualized plans that are tailored to the student’s current level of
complex skill development, and would also allow for a more
precise method to support movement to the next stage. Future
research should center on further determining the reliability and
validity of the MHC system in this context, which would include
extending it to both instructor-led and computer-based environ-
ments. Such an approach should be encouraged to make
educational practices more systematic, if not metasystematic.
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