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Metacognitive learning strategies are based on instructional
learning theory, which promotes deep, meaningful learning.
Educators in a baccalaureate-level nuclear medicine technol-
ogy program demonstrated that students enrolled in an online,
distance learning section of an introductory radiation protection
and radiobiology course performed better when traditional
instruction was supplemented with nontraditional metacogni-
tive learning strategies. Methods: The metacognitive learning
strategy that was used is best known as concept mapping. The
concept map, in addition to the standard homework problem
assignment and opportunity for question–answer sessions,
became the template for misconception identification and
remediation interactions between the instructor and the
student. The control group relied on traditional homework
problems and question–answer sessions alone. Because
students in both the “treatment” groups (i.e., students who
used concept mapping) and the control group were distance
learning students, all personal communications were con-
ducted via e-mail or telephone. The final examination of
the course was used to facilitate a quantitative comparison
of the performance of students who used concept mapping
and the performance of students who did not use concept
mapping. Results: The results demonstrated a significantly
higher median final examination score for the concept map-
ping group than for the non–concept mapping group (z 5
22.0381, P 5 0.0415), with an appropriately large effect size
(2.65). Conclusion: Concept mapping is a cognitive learning
intervention that effectively enables meaningful learning and
is suitable for use in the independent learner–oriented dis-
tance learning environments used by some nuclear medicine
technology programs.
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Generally speaking, instruction exists on a continuum
from teacher centered–content oriented to student centered–
learner oriented (1). Various models of this continuum exist

in online instruction; they elicit reactive to proactive student

behavior and participation and passive to active involvement

of the instructor in learning. In a phenomenographic perspec-

tive of lecturers’ experiences and philosophies of online

teaching and student interactions (2), Gonzalez confirmed

the findings of Kember and Kwan (3) that “teachers on the

side of ‘transmitting knowledge’ were more likely to rely on

‘content-centered’ approaches . . . while those who saw learn-

ing as a process of ‘facilitating understanding’ would rely

more on ‘learning-centered’ methods.” The curriculum for
entry-level nuclear medicine technology instruction tradition-

ally has been developed to meet the behavioral learning out-

comes desired by national accrediting and credentialing

bodies. Nuclear medicine technology instruction, whether

through traditional classroom delivery or nontraditional online

delivery, is, by design, “content centered” to meet these

desired outcomes. However, it is our assertion that cognitivist-

or constructivist-based “learner-centered” methods of instruc-

tion are as effective as or more effective than traditional

behaviorist-based content-centered methods and that these

learner-centered methods can be successfully implemented
through nontraditional online delivery systems.

In the baccalaureate-level nuclear medicine technology

program at Georgia Health Sciences University, the required

5-semester curriculum is 100% online and delivered in
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blended instructional formats. The program serves both
traditional campus-based students and distance learning
students who come to campus only occasionally for
laboratory instruction.
The only instructional difference between students resid-

ing on campus and nonresident distance learning students is
that students residing on campus have traditional expository
classroom instruction in most junior-year courses. Distance
learning students receive the same expository instruction
asynchronously in the form of prerecorded lectures via the
Tegrity lecture capture system (McGraw-Hill Higher Educa-
tion). All courses require online interactions regardless of
location. Instruction also includes various forms of cogniti-
vist or constructivist learning interventions, such as “reflec-
tion questions” that involve online discussions by all students
regardless of campus, group collaborative assignments that
cross geographic locations and involve online exchanges of
documents and ideas, online testing, self-paced completion of
online assignments, and concept mapping to elicit a student’s
cognitive schema (allowing for misconception remediation)
and to target deep understanding and meaningful learning of
the abstract concepts in radiation protection and radiobiology.
This investigation was designed to measure the effective-

ness of monitoring a student’s conceptual schema and miscon-
ception remediation through the use of the cognitivist-based
graphic organizer tool known as concept mapping in an
introductory radiation protection and radiobiology course
for distance learning students in a nuclear medicine tech-
nology program.

Literature Review: How Do We Learn?

Learning theories exist on a continuum. At the beginning
is the behaviorist theory, in which learning is confirmed by
specific behavioral responses to specific stimuli. Next is the
cognitivist theory, in which learning is confirmed by
behavioral and mental solutions to specific stimuli. At the
end is the constructivist theory, in which learning is
individualized and based on stimuli as they are presented.
This continuum may be described as moving from rote
learning or memorization, through meaningful learning and
problem solving, to autonomous learning and invention
(1,4,5).
An example of the application of behaviorist theory to

nuclear medicine technology is a student who correctly
performs an imaging protocol in a clinic. This theory fails
when the student is placed in a different clinic and is
exposed to variations in the protocol. The student has been
conditioned to respond to certain stimuli in the protocol, but
when the learning stimuli change, the learner cannot
appropriately respond unless he or she has memorized all
variations of the protocol.
An example of the application of cognitivist theory to

nuclear medicine technology is a student who has been
given variations in clinical protocols. A student taught with
cognitivist learning theory understands the need for the
variations because this student has developed mental

schema that allow for processing of problem-solving
strategies that come with meaningful learning; therefore,
this student does not view the required variations as an
impediment to accomplishing the task.

An example of the application of constructivist theory to
nuclear medicine technology is a student who has been
given the task of inventing a protocol. Knowledge of
previous protocols might be advantageous but might not
be necessary. Constructivist learning supports creativity in
problem solving because the student must approach the
problem from different perspectives. A weakness of con-
structivist learning occurs when conformity is essential and
divergent thinking might cause problems. By definition, a
protocol establishes a set of procedures used to perform a
task. Reinventing a set of procedures every time a task is
required would be time-consuming and inefficient.

Instructional designers such as Ertner and Newby (1)
assert that the learning theory that is to be used in the
instruction should be the one that best meets the student’s
level of competence, the type of learning task, and the
objectives of the instructional outcomes. The educators in
the nuclear medicine technology program considered here
believe that instruction that both meets the predicated cur-
ricular objectives of its governing agencies and promotes
meaningful learning will best meet the needs of the student.
The purpose of instruction, then, is for the student to
develop a knowledge base within the discipline as well as
to be able to learn new knowledge as the discipline changes
with advancements in technology and practice. A student
who is taught how to learn meaningfully through the non-
arbitrary assimilation of new information or new concepts
and procedures into a knowledge structure should be able to
meet the discipline’s needs now and in the future.

Educational theorists such as Novak and Gowen (6)
believe that the key to meaningful learning is how a student
organizes and retrieves information or knowledge. Mean-
ingful learning is based on the premise that knowledge is
bundled in packets called concepts and is retrievable on the
basis of how the concepts are linked to one another. A
concept is defined as a perceived regularity in an event or
object designated by a label, such as a word or explicit
symbol. Concept maps are graphic organizers of multiple
concepts that represent an individual’s knowledge of a topic
or process (6–9). Two or more concepts and their linking
relationships become meaningful statements about some
object or event that an individual is trying to define or
classify. The characteristic linking relationship of a concept
map is what makes this graphic organizer unique and sepa-
rates the concept map from other organizational techniques,
such as outlines or flow charts. An important characteristic of
concept maps is the inclusion of cross-links, which are rela-
tional links between concepts in different levels or concep-
tual clusters of the concept map. Cross-links help reveal how
a concept in one domain of knowledge represented on the
map is related to a concept in another domain shown on the
map (5–10).
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Meaningful learning requires a learner to become an
active participant in the learning process. The process of
generating a concept map by identifying relevant concepts
and the relationships between them is an active learning,
metacognitive process. Metacognitive strategies such as
concept mapping allow a learner to actively organize a know-
ledge structure into a more powerful, integrated pattern
(5,7–11). A concept map then becomes a concise, visual
interpretation of an individual’s knowledge structure; such
a tool can simplify discussion and lead to enhanced under-
standing between individuals (4,5,7–9,12). Figure 1 repre-
sents a student concept map depicting their understanding of
fundamental radiation safety concepts by using relational
linking terms between the concepts.
In a nuclear medicine technology curriculum, Passmore

(5,7,8) used concept maps effectively as a remediation tool,
prompting communication between instructor and student
and allowing for misconception identification and subse-
quent remediation activities. This interaction demonstrated
an increased understanding of the radiologic science sub-
ject matter on the basis of the increased complexity of the
student’s concept maps. Concept maps have also been used
to analyze teacher–student and/or group differences in the
understanding of processes, strategies, and products; to

observe differences in students’ understanding of procedural
systems, such as imaging protocols; and to assess specific
knowledge of related processes so that learning and associ-
ated objectives can be achieved (4,10,13).

Research Question

If nuclear medicine technology students who are enrolled
in a distance learning program prepare concept maps as
metacognitive strategies and use them as a basis for
correspondence with their instructors, then will their final
examination scores be higher than those of nuclear
medicine technology students who are enrolled in a
distance learning program but do not prepare concept maps
as a basis for correspondence with their instructors?

MATERIALS AND METHODS

Subjects

The subjects for this study were nuclear medicine
technology students enrolled in the radiation protection and
radiobiology curriculum component of a distance learning
nuclear medicine technology program between 2007 and
2010. The total number of students consenting to participate
in the study was 25. The learning intervention (concept
mapping) group consisted of 19 students. The control

FIGURE 1. Student concept map depicting basic concepts of radiation protection: time, distance, and shielding. Note complexity
and linking relationships between concepts and between clusters, indicating meaningful understanding of components of radiation
protection and how they work together.
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(non–concept mapping) group consisted of 6 students. All
students entering the nuclear medicine technology pro-
gram must have a minimum grade point average of 2.5
in mathematics and science and a minimum overall grade
point average of 2.3. Furthermore, all students entering the
nuclear medicine technology program are interviewed
before selection with a rating scale developed for the
interview process. Neither SAT or ACT scores nor an
entrance examination is used by the nuclear medicine
technology program to establish qualification for entrance
into the program.
The research was approved by the Human Assurance

Committee of Georgia Health Sciences University.

Design

The overall design of this investigation is a quasi-
experimental 2-group comparison. This design was imple-
mented because of the condition of using intact classes as
treatment and control groups. Groups designated by the
years 2007, 2008, and 2009 were used as treatment groups
until an appropriate sample size was achieved. The group
designated by the year 2010 was used as a control group.
Equivalence between the treatment groups and the control
group was based on equivalent minimum entrance require-
ments (as described earlier), and no covariate analyses were
considered in this research design.
The concept mapping group received 3 h of workshop

instruction and practice on concept mapping during student
orientation, before the start of didactic and clinical instruc-
tion during the fall semester, which covered an academic
period of 16 wk.
Concept map summaries of chapters, laboratories, or

application problems were requested from students before
each of the 3 examinations given during the semester.
Students could develop their concept maps by hand or by
computer and could e-mail the maps to their instructors as
part of the mandatory weekly correspondence with their
instructors. Student misconceptions displayed in the con-
cept maps were addressed by the instructor and the student.
This interaction typically included questions directed at the
student’s map with the intent of helping the student identify
misconceptions. This process was conducted by telephone,
fax, or e-mail and was repeated as time allowed, until the
student reached cognitive congruence with the instructor.
The control group did not receive concept mapping

instruction or practice and was not required to provide
evidence of using metacognitive strategies with graphic
organizers in preparation for course examinations. How-
ever, like students in the treatment groups, students in the
control group were required to contact their instructors on a
weekly basis via e-mail or telephone to ask questions about
course material and concepts that they did not understand
from any of the lectures, reading assignments, or problem-
solving assignments.
The course learning objectives did not change over the

course of this study. Every effort was made to ensure that

all aspects of the course, such as learning objectives–driven
lectures, laboratories, problem-solving and homework assign-
ments, question–answer sessions, weekly e-mail correspond-
ence, and examinations, were equivalent for the non–concept
mapping control group and the concept mapping treatment
group.

Instrumentation

The outcomes measures used for the comparative analysis
were based on the final examination for the radiation
protection and radiobiology course. The comprehensive
final examination consists of 100 questions of various levels
of difficulty, from knowledge-based memorization of
definitions and regulations to synthesis- and evaluation-
level questions relating to problem-solving situations that a
technologist may encounter during a workday. These
situations include shielded and unshielded exposure calcu-
lations, inverse square law, and radioactive decay leading to
technologist or patient dose calculations.

RESULTS

The mean score on the introductory radiation protection
and radiobiology final examination for the distance learning
students who used concept mapping as a learning strategy
was 72.3 (SE, 3.45); the median score was 70. The mean
score for the distance learning students who did not use
concept mapping as a learning strategy was 57.3 (SE, 5.67);
the median score was 57. The effect size—or actual, mean-
ingful differences in the mean scores—was 2.65; this value
is considered to represent a very large effect size (14). The
Mann–Whitney U test for differences in the median scores
indicated a significant difference in outcomes (z 5
22.0381, P 5 0.0415). This difference is visually depicted
by the displacement of the box plots in Figure 2.

DISCUSSION

The quantitative analysis supported the use of concept
mapping as a metacognitive strategy or learning interven-
tion by students in the distance learning nuclear medicine
technology program. The difference in median scores was
statistically significant, and the effect size was very large.
The literature suggests that using concept maps encouraged
students to think about what they were learning instead of
engaging in rote memorization. Additionally, concept maps
allowed for directed remediation when needed, furthering
understanding without misconceptions. This deeper under-
standing of the relationships between concepts enabled
students who used concept mapping to be better problem
solvers, as exhibited in the final examination scores.

Figure 3 represents a student concept map of fundamen-
tal radiation and radiation decay concepts created without
the meaningful learning advantage gained by considering
what the relationships between the concepts mean. This
representation is essentially an organizational chart in
which some sense of hierarchy is achieved by placement
or position but in which the real relationships between the
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concepts are not expressed. The student confused the con-
cept of “activity” with the concept of “intensity” in terms of
the use of distance and shielding as protective measures.
Anecdotally, this student did not score as high as the stu-
dent whose concept map is represented by Figure 1; this
student’s score actually was closer to the median score for
the non–concept mapping group than it was to the median
score for the concept mapping group. Furthermore, this
student expressed dissatisfaction with the concept mapping
procedure, claiming that it was too time-consuming and
therefore interfered with learning (memorization) techni-
ques. Remediation in this case was limited to identification
or clarification of gross errors, with little remediation of
misconceptions for understanding, because the map itself
was the template for the remedial communication exchange.
As a recommendation for further research, given the

anecdotal evidence described here, it would be interesting
to investigate the learning effectiveness of concept mapping
versus other graphic organizers or formative assessment
techniques. Such an investigation would help determine
whether the learning gains noted in this study were the
result of the learning intervention or some other study
method used by the treatment group and not accounted
for. Alternatively, using learning interventions without the
remedial aspects involved in checking for comprehension
could be attempted; however, students need and expect
feedback before assessments, and it is conceptually difficult

to envision how such a comparison could be implemented
in an academic environment.

CONCLUSION

This study confirmed that concept mapping is a cognitive
learning intervention and remediation tool that effectively
enables meaningful learning. Furthermore, this study indi-
cated that concept mapping is suitable for use in the
independent learner–oriented distance learning environments
used by some nuclear medicine technology programs.
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FIGURE 2. Box plots depicting differences in scores between
concept mapping group (treatment group) and non–concept
mapping group (control group; no map). Median score for
treatment group was significantly higher than median score
for control group (z 5 22.0381; P 5 0.0415).

FIGURE 3. Student “concept map” based more on
organizational chart structure than on concept map strategy that
identifies relationships between concepts. Student confused
concept of “activity” with concept of “radiation intensity” in
terms of use of distance and shielding as protective measures.
This student’s “concept map” was used to guide attempts
at misconception remediation because this student was
experiencing conceptualization difficulties.
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