
Abstract

C
oncept mapping is a
powerful tool of
thought representation.
This paper reveals the
trends and best usages
of concept mapping es-
pecially in professional
education. As defined

here, concept mapping is a graphical dis-
play of thinking, a technique for idea rep-
resentation, and a process for, among
other things, problem solving, strategy
planning, and thought development.

Viewed as a methodological process, con-
cept mapping allows a person to construct
relations among different aspects of a sub-
ject, to make connections, and to display
relations of ideas and constituent parts of
thoughts. The concept mapping method
is based on the theory of meaningful
learning, which posits that knowledge-in-
memory is saved in propositional and rel-
ative ways. The generation of a concept
map allows the display of propositional
knowledge in a form that can be inspect-
ed from various angles, revealing a variety
of points of view, scenarios, and models
of idea construction. The process is seen
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to be beneficial for myriad types of deci-
sion-making.

Concept mapping is used in many
fields of education, though in some more
than in others. Concept mapping has
gained a great deal of recognition in sci-
ence education, both in the literature and
in the practice. But how is concept map-
ping viewed in the professions? Has it
been researched? What is the future of
concept mapping in vocational and pro-
fessional education? The intent of this ar-
ticle is to answer these questions. The ap-
proach is to find and cull success signifi-
cant pieces of research on concept map-
ping within medical, veterinary, legal and
engineering instructional contexts.  We
identified 311 such research articles and
analyzed them. The analysis shows that
the main usage of concept mapping in the
professions is as a learning tool, often
combined with assessment. 

Method of concept mapping

B
orrowing from cognitive psychology,
here “concepts” are considered to
be constructs activated in long-term

memory. Concepts are relative, depend-
ing on one’s experience and the meaning
of and experiences with the information.
Concepts are connected with each other
in fluid ways activated by memory, expe-
rience and situation. For example, when a
person makes a decision, concepts are ac-
tivated from one’s memory bank used to
construct a plan of action. In such a for-
mulation the word “concept” takes center
place (Hoffmann, 1994). The point is in-
structional; the meaning of a concept in
cognitive psychology is not identical with
the meaning of a concept in education.
The concept mapping method itself is
based on the theory of meaningful learn-
ing (Ausubel, 1963) and on the assump-

tion that knowledge is saved in the
human brain propositionally. Concept
maps represent this propositional knowl-
edge saved in the brain (Atkinson,
Shiffrin 1968, Norman, Rumelhart
1978).

According to Arbinger (1991) there
are three kinds of knowledge presenta-
tions: declarative knowledge, procedural
knowledge and analogical knowledge. De-
clarative knowledge is presented as a
proposition. A sentence consists of two
related concepts. Every sentence is mean-
ingful; it can be evaluated and presented
by its structure. Declarative knowledge
can be divided into episodic and semantic
knowledge. Episodic knowledge involves
personal experience; semantic knowledge
is more general and is a sum of single oc-
casions of experience.  According to Ter-
gan (1986) knowledge is organized and
structured. Like Arbinger, Tergan differ-
entiates among three kinds of knowledge
presentation, one of them being semantic
spatial model. Semantic spatial models
represent declarative knowledge. Knowl-
edge is sorted by similarity of the concepts
(psychometric model), is presented by sen-
tences as a network structure (network
model) or is visualized conceptually (con-
ceptual model).

Concept mapping connects different
kinds of thoughts of a subject and dis-
plays relations among them. The method
was introduced in didactics by the Amer-
ican scientist Novak (1990) in the 1960s.
Later on analogous methods have been
developed by several research groups (see
Scheele & Groeben 1984 or White, Gun-
stone 1992). 
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“Concept mapping is a process of
meaning-making. It implies taking a list
of concepts – a concept being a perceived
regularity in events or objects, or records
of events or objects, designated by a label
– and organizing it in a graphical repre-
sentation where pairs of concepts and
linking phrases form propositions.
Hence, key to the construction of a con-
cept map is the set of concepts on which
it is based.” (Cañas et. al. 2003).

Concept mapping 
in education

A
s argued earlier, today concept map-
ping is widely and successfully ap-
plied in many, though certainly not

all, fields of education. Recently there has
been a burst of investigation of concept
mapping and science education
(Behrendt et. al. 2000; Fischer et.al. 2001;
Reiska 1999, 2005). Reiska (2005) de-

scribes some advantages of using concept
mapping in education: 

• Possibility to use concept mapping in
every phase of teaching process (e.g. at
the beginning of a lesson when a new
concept in introduced, or at the end of
lesson as part of the assessment
process);
• Independence of age. Concept map-
ping can be used by children in kinder-
garten and also by adult students  in
the university and professionals in the
field;
• The constructing of maps helps stu-
dents to reflect on they own knowl-
edge; 
• Concept mapping helps students to
concentrate themselves in the process
of group work; 
• Concept maps give teachers informa-
tion about students knowledge, and
• Concept mapping could be used for
lesson planning. 

Figure 1. Concept map represent organized knowledge (Novak & Cañas, 2006).
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Much success has been achieved by
the application of concept mapping in
the teaching process to integrate new con-
cepts into the existing system of knowl-
edge (Novak 1990). Not only are their ob-
vious advantages of concept mapping in
teaching and learning new knowledge,
but it also provides a critical pathway into
improved assessment and achievement
testing. Outside the context of teaching
concept mapping is also valuable when
there is a need for brainstorming and
knowledge management, for instance in
corporate human resource development
situations or strategy initiatives.

Using concept mapping in 
professional education

Data and method

I
n the review of the 311 scientific arti-
cles about concept mapping were 18
centered on its use in professional ed-

ucation. We categorized the articles based
on the subject field in vocational educa-
tion (e.g. accounting education and med-
ical education) and also based on the area
of use (e.g. teaching and achievement test-
ing). Based on this information we made
conclusions about the of concept map-
ping in different subject fields and using
areas. 

Subject fields of using concept map-
ping in professional education

Legal education

Concept mapping is used as a learn-
ing and assessment tool in real estate law,
at least with second year diploma students
(Fong, E. L. S., 1999). The concept map-
ping method was used first by persons as
the bases of discussion and then in group
work. At the end of a lecture series con-

cept mapping was used for assessment in
the examination. Fong also studied stu-
dents’ attitudes in concept map format as
part of the learning and assessment cur-
riculum. Three fourth of the students (74
%) believed that concept mapping made
learning easier for them though 26 % be-
lieved there was not enough time to do
the job well. For the majority of students
(74 %) it was difficult to find the best link-
ing word for the map. A similar majority
found that concept maps helped them to
understand how the different concepts in
the Law of Real Property are related. Fong
comes to conclusion that as a method
concept maps assisted students in under-
standing the subject and preparing for the
examination. As for the use of concept
mapping as an assessment tool the data
were not conclusive. 

Medical education

Concept mapping is used widely in
medication education. Several studies are
described here that investigated the use of
concept mapping for assessment, learning
and other purposes in medical education.
McGaghie (McGaghie et al, 2000) uses
concept mapping as an assessment tool
and compares medical and veterinary stu-
dents’ knowledge structure gathered with
concept maps with their final examina-
tion scores. They could not find a corre-
lation between structural knowledge in
concept mapping and knowledge assessed
by standard examinations.

West (West et al, 2000) uses concept
mapping as an assessment tool to enable
teachers to find out students’ knowledge
at different points in training. They ex-
pected that concept mapping assessment
reveals changes in the conceptual frame-
work of resident physicians during the
training and they also compared the con-
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cept mapping scores with the scores of the
standard in-training examination. West
gleaned evidence that concept mapping
assessment reflects differences in the con-
ceptual framework. However his research
group could not find a significant corre-

lation between concept mapping scores
and the standardized testing. They came
to the conclusion that concept mapping
and in-training examination could mea-
sure different cognitive domains.

Figure 2. Reproduction of a hand-written high-scoring concept map of seizures by a
resident (West et al, 2000, 1108).

Schmidt (2006) investigated reliability
and validity of concept mapping as an as-
sessment tool in medical education. Build
on previous studies, McGaghie, et al,
2000, West at al, 2000, Bordage (1994),
Ericsson (1980) and others she concurs
that “knowledge organization influences
the efficiency and effectiveness of recall
and problem solving within a domain,
and domain experts have more coherent,
well structured knowledge than novices”
(Schmidt, 2006, 69). However she shows
many problems connected with the relia-

bility (“concept mapping can provide a re-
liable measure of something – but just
what that something is remains in ques-
tion”) and validity (“There is no convinc-
ing evidence in any of the studies that the
differences in the concept maps are actu-
ally related to differences in the ability to
retrieve knowledge or problem solve as
would be expected based on the theoreti-
cal foundations” (Schmidt, 2006, 72).
She raises further research questions
some of which are relevant to contexts be-
yond medical education (e.g. how do pre-
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supposed concepts or stimuli influence
the nature of maps and are the more com-
plex maps associated with better problem
solving ability). Nevertheless though she
raised skepticism about the reliability and
validity factors of them, she admits that
concept maps may well represent a mean-
ingful assessment and teaching device
that can substantially advance medical ed-
ucation.

Jitlakoat (2005) used concept map-
ping as a learning tool with forth year
nursing students. The purpose of the con-
cept mapping was to develop students’
critical thinking skills including gathering
and selecting relevant information and re-
lating this information to patient care.
The study was based on assumptions
from literature, primarily that concept
mapping is appropriate for undergradu-
ate and graduate students, it can be used
individually or in groups and the method
is useful for assisting student to think crit-
ically about relation of new and old in-
formation. A pre- and post-test design
that tested the extent to which concept
mapping is a successful learning instru-
ment was used in the study. The result
was that the differences in all scores were
highly significant. Jitlakoat came to con-
clusion that “concept mapping is a good
education innovation for assisting nurs-
ing students to summarize their own con-
cepts and improve their nursing core com-
petency in primary medical care.” (Jit-
lakoat 2005, 120). Jitlakoat recommend-
ed nursing instructors to adopt concept
mapping into theoretical and practical
teaching process.

Ford, Coffey and Turner (1996) used
concept mapping in a knowledge-based
expert system known as NUCES. This
system was developed to aid interpreta-
tion of radionuclide imaging in the heart.

They used NUCES also to train clini-
cians. NUCES is intended as a diagnostic
expert system and a training environ-
ment—it shows that concept maps at once
can be guides to traverse logical linkages
among clusters of related objects and they
help to solve the navigation problem in
hypermedia systems. 

Daley (1996) used concept mapping to
determine how first year associate degree
nursing students can apply their theoreti-
cal knowledge to clinical practice. She
compared three different kinds of con-
cept maps: maps developed from students
interviews, maps developed from instruc-
tor interviews and maps developed from
the course syllabi. After the construction
of maps on the bases of students’ inter-
views each student was asked if they
would like to change some concepts or
linking phrases. Just one of them wanted
to make such changes or change the map.
Daley also mentioned that using concept
mapping helped to reduce the 20 page
volume of one interview data to a man-
ageable form of one concept map. As the
results of the study Daley found that stu-
dents had missing links among elements
of nursing processes, clinical preparation
was not linked to preparation for the unit
of oxygenation and basic anatomy and
psychology concepts were also missing.
She came to conclusion that concept
mapping can be used in nursing educa-
tion to bridge the gap between theory and
practice by integrating basic science con-
cepts with nursing practice. Concept
maps can be used to assess and evaluate
students and to plan the curriculum.

Schuster (2000) described the use of
concept mapping as the tool for clinical
care planning. Concept mapping helps to
promote learning and critical thinking
about patient problems and problem solv-
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ing. Based on clinical data the students
compose concept maps and the faculty
can review and discuss the maps to evalu-
ate students’ understanding. The method
has been successfully used with students
in their early hospital experiences. Both
the students and faculty were pleased with
the results of concept mapping in care
planning. 

Baugh and Mellott (1998) developed
the method of clinical concept mapping
(CCM) to help nursing students learn
and apply concepts clinical situations.
Based on Novak and Gowin (1984) they
assume that concept mapping promotes
critical thinking and prepares students for
clinical experiences. Clinical concept
mapping should help students organize
complex patient data and process com-
plex relationship. Baugh and Mellott, as
part of data collection, asked students to
develop at least one clinical concept map
per week for their patients’ clinical set-
tings. Through evaluation of students’
concept maps faculty could assess their
level of their understanding and also rec-
ognize how the students see the big pic-
ture. A conclusion of their study was that
concept mapping is an effective tool to
improve meaningful clinical learning be-
cause it encourages both application and
synthesis. 

Parker-Jones and Pilkington (2002)
used concept mapping as a support tool
for medical students when learning from
simulations. The main learning goals
were to develop better conceptual under-
standing and diagnostic reasoning skills
amongst students. They employed an ex-
perimental research design with pre and
post tests and control groups. Experi-
mental groups used simulation methods
between two tests. Beside the traditional
assessment method with multiple choice

questions pre and post concept maps
were used. After analyzing the maps it ap-
peared that students improved their
scores in post tests whether they engaged
in simulation training or not. The con-
clusion was that concept mapping is a suc-
cessful performance measure, but has also
a role in promoting reflection. 

Edmondson and Smith (1998) report
on efforts to facilitate meaningful learn-
ing within the context of veterinary med-
ical education. They used concept map-
ping to develop an integrated veterinary
curriculum, to develop case-based exercis-
es for problem based learning and as a
learning tool for students working indi-
vidually or in small groups. They used
concept mapping for both - the design
and delivery of the course and in the final
examination. The use of concept map-
ping was well received by students and
also by faculty. Students said that concept
maps greatly facilitated their understand-
ing of relevant pathopsychological mech-
anisms. From the faculty feedback it ap-
peared that concept maps can help to
make conceptual relationship explicit and
identity errors and misconceptions in stu-
dents’ understanding.

Laight (2004) found in his study with
pharmacology students that there was no
statistically significant association be-
tween the usefulness of concept maps
(self-reported by students) and preferred
learning style dimensions (e.g. sensing vs.
intuitive, visual vs. verbal, active vs. re-
flective, sequential vs. global). For that
reason Laight came to conclusion that
concept maps may offer flexible teaching
and learning opportunities in large class
teaching by teaching to all types of learn-
ers and may promote deeper student en-
gagement and learning.
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Figure 3. A concept map prepared cooperatively by the faculty of the College of 
Veterinary Medicine at Cornell University (Novak & Cañas, 2006).
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Engineering education

Turns, Atman and Adams (2000) used
concept mapping for both - course-level
and program-level assessment in engi-
neering education. The goal was to
demonstrate the extent of value of con-
cept maps when addressing assessment is-
sues in engineering education. Although
the authors came to the conclusion that
concept maps are not the “perfect assess-
ment solution” because they require ex-
tensive time to interpret and can still give
an ambiguous result, they agree that con-
cept mapping is a flexible tool and it
should be seen as a “valuable component
of an assessment toolbox.”

Besterfield-Sacre et al. investigated the
use of concept maps to assess knowledge
integration by engineering students. For
analyzing the maps they used traditional
counting metrics proposed by other re-
searchers but also a holistic approach de-
veloped for these studies themselves. The
holistic approach was based on results of
two experts reviewing each map. From
the experts’ comments on the maps three
categories were emerged: comprehensive-
ness, organization, and correctness. The
holistic approach was very useful and in-
dicated that students improved through
the program but the holistic approach
also enabled faculty to identify weakness-
es in program. Consequently they sug-
gested that concept maps can be an effec-
tive way to measure a student’s conceptu-
al understanding in a meaningful, repro-
ducible and efficient manner. 

Darmofal et al. used concept maps in
aerospace engineering in a multidiscipli-
nary engineering course to identify and
organize main engineering concepts and
to map the relations between several key
ideas within and between engineering

areas (e.g. materials and structures, signals
and systems, dynamics, thermodynamics,
and fluids). Based on their data, they con-
cluded that extended use of concept maps
in teaching promotes increased systemat-
ic assessment of student conceptual un-
derstanding.

Walker and King (2003) carried out
two pilot studies to investigate the use of
concept mapping for assessing students’
knowledge at a given point (novice-expert
comparison) and over time (comparison
among students). In the first study facul-
ty generated networks were higher-order
while students generated fewer connec-
tions among concepts. In the second
study concept maps showed growth in in-
dividual students’ conceptual under-
standing across time: later maps were
more integrated and more differentiated.
Walker and King came to the conclusion
that concept mapping is a useful tool to
build a portrait the process of knowledge
transformation from novice to expert.
They also determined that concept map-
ping is an appropriate tool for student as-
sessment and instruction when introduc-
ing model-based reasoning within the do-
main of bioengineering.

Accounting education

Leauby and Brazina (1998) adapted
concept mapping to the field of account-
ing education. They assumed that incor-
porating concept mapping into account-
ing courses benefits both the teachers and
students. They used concept mapping in
teaching process but also as an assessment
tool. Students constructed their own
maps and afterward compared their maps
with the instructor’s map. To evaluate the
students’ maps they used a scoring
method which included quality and quan-
tity of relations, conceptualizations, hier-
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archy of concepts. Leauby and Brazina
typically obtained positive reactions from
students: concept maps helped students
to better understand relationships among
concepts and thereby supplement other
learning approaches. They also came to a
significant conclusion that concept maps
may have helped lower-performing stu-
dents to do better. Finally Leauby and
Brazina pointed out eight benefits of
using concept mapping, similar to those
found in other areas of education.

Maas and Leauby (2005) described
their own experiences with concept map-
ping in accounting classes. They intro-
duced a step-by-step approach for imple-
menting concept mapping in accounting
education. They focused on the use of
concept mapping as a conclusion to a
unit of instruction. For this purpose they
developed a number of ready to use maps
for accounting educators. They developed
an eight-stage exercise for successful in-
class concept mapping. In their study
Maas and Leauby compared traditional
instructional methods with the instruc-
tion method that involves end-of-unit
concept mapping activities. The group
that used concept mapping achieved sig-
nificantly higher scores then the control
group. In conclusion Maas and Leauby
mentioned two constraints of using con-
cept mapping in accounting education.
The main one is the amount of time that
instructors need to effectively implement
concept mapping in the classroom. The
second constraint is related to nature of
concept mapping activities: mapping is
highly individual and creative process. To
discuss and evaluate students’ maps re-
quires the ability of instructors to accept
and gain comfort in this creative process,
it requires instructors to become more vi-
sually oriented and possibly develop their
own creative abilities. 

Areas of using concept mapping
in professional education 

Using concept mapping as a learning
and as an assessment tool

I
n professional education the method
of concept mapping is used mostly for
teaching and for assessment. In one ar-

ticle the use of concept mapping for cur-
riculum development in veterinary was
described. We could not find the use of
concept mapping for brainstorming or
knowledge management in the profes-
sions. That does not mean the practice is
not there, it means that it is not well re-
searched.

In most studies regarding concept
mapping in professional education the
focus was on learning and the use of con-
cept mapping as a learning tool. But as a
method, concept mapping was employed
in very different ways, instructional phas-
es, activity forms etc. In most cases the
feedback for concept mapping was posi-
tive. The main constraint of using con-
cept mapping the time consumption, as
mentioned. 

In addition to use as a learning tool in
professional education, concept mapping
is also widely used as an assessment tool.
In some of the above described papers
concept maps were used just for achieve-
ment measure but in most studies con-
cept maps were used for both learning
and assessment. 

When the method of concept map-
ping is used in lessons or in research, a
significant component of the application
is the evaluation of concept maps. Reiska
(2001) describes four different types of
evaluation. They range from intuitive im-
pressions only to computer-aided quanti-

26

Ammkasv 1.08  25.4.2008  14:28  Sivu 26



tative evaluation. In addition, the possible
stages are listed according to the type of
evaluation and computer application:

1. Intuitive evaluation
2. Semi-quantitative evaluation
3. Computer-aided quantitative evaluation
4. Quantitative evaluation using a 

computer only.

Although Ruiz-Primo and Shavelson
(1996) show also the problems in using
concept mapping as assessment tool, there
are many studies showing that concept
mapping is an appropriate tool for testing
students achievement (McGaghie et al,
2000; West at al, 2000; Fischler et al, 2001;
Reiska 2005). Some of the studies also
show that there is a high correlation be-
tween the concept mapping and other
knowledge tests (Mikelskis, 1999) but some
studies did not prove the correlation be-
tween concept map scores and e.g. multi-
ple choice exam performance (McGaghie
et al, 2000).

In professional education different lev-
els of evaluation were used, however we
could not find the fourth level of evalua-
tion. The possible reason for this can be
that there is not suitable evaluation tool for
concept maps developed yet.

Conclusions

C
oncept mapping is prevalent in pro-
fessional education, though not as
widely as in other areas such as sci-

ence education. The main uses of concept
mapping are in learning and knowledge as-
sessment. There are many different subject
fields of using concept mapping e.g. veteri-
nary medicine, legal studies, medicine, and
accounting education. The analysis of 311
scientific articles about concept mapping
shows that in professional education this
method is more used in the subject fields

that are directly connected to natural or
exact sciences. In professional education
concept mapping is most often used in
medical education and engineering educa-
tion. In most articles the faculty and stu-
dents feedback was positive and the au-
thors suggested the method of concept
mapping for both - further use in class-
room and research situations.

Literature

Arbinger, R. 1991. Wissensdiagnostik. In K.
Ingenkamp & R.S. Jäger (Hrgs.) Tests und Trends
9. Jahrbuch der pädagogischen Diagnostik. Wein-
heim, Basel: Beltz, 80-108.

Atkinson, R. C., Shiffrin, R. M. 1968.
Human memory: A proposed system and its con-
trol processes. In K.W. Spence & J.T. Spence
(Eds.) The psychology of learning and motivation
Bd. 2. New York: Academic Press.

Ausubel, D. P. 1963. The Psychology of Mean-
ingful Verbal Learning. Grune and Stratton: New
York.

Baugh, N., G., Mellott, K., G. 1998. Clinical
concept mapping as preparation for student nurs-
es’ clinical experiences. Journal of Nursing Educa-
tion 37 (6), 253-256.

Behrendt, H.; Dahncke, H.; Reiska, P. 2000.
Einsatz und computergestützte Auswertung von
Concept Maps mit modalen Netzen und Bereichs-
diagrammen. In H. Fischler & J. Peuckert (Hrsg.)
Concept Mapping in fachdidaktischen Forschung-
sprojekten der Physik und Chemie. Berlin: Logos
Verlag, 117-145.

Besterfield-Sacre, M., Gerchak, J., Lyons, M.,
Shuman, L. J., & Wolfe, H. 2004. Scoring concept
maps: an integrated rubric for assessing engineer-
ing education. Journal of Engineering Education
93, 105–116.

Bordage, G. 1994. Elaborated knowledge: the
key to successful diagnostic thinking. Academic
Medicine 69, 883–885.

Cañas, A. J., Valerio, A., Lalinde-Pulido, J.,
Carvalho, M., Arguedas, M. 2003. Using WordNet
for Word Sense Disambiguation to Support Con-
cept Map Construction. Proceedings of SPIRE
2003 – 10th International Symposium on String
Processing and Information Retrieval. Manaus,
Brazil. 

Daley, B., J. 1996. Concept maps: linking nurs-
ing theory to clinical nursing practice. Journal of
Continuing Education in Nursing 27, 17-25.

Darmofal, D. L., Soderholm, D. H., &
Brodeur, D. R. 2002. Using Concept Maps and
Concept Questions to Enhance Conceptual Un-

27

Ammkasv 1.08  25.4.2008  14:28  Sivu 27



derstanding. Frontiers in Education Conference,
Boston.

Edmondson,K., M., Smith, D. F. 1998. Concept
Mapping To Facilitate Veterinary Students’ Under-
standing of Fluid and Electrolyte Disorders. Teaching
and Learning in Medicine 10 (1), 21-33.

Ericsson, C.W., Chase, W.G. & Faloon, S.
(1980). Acquisition of a memory skill. Science 208,
1181-1182.

Fischler, H., Peuckert, J., Dahncke, H., Behrendt,
H., Reiska, P., Pushkin, D., Bandiera, M., Vicentini,
M., Fischer, H., Hucke, L., Gerull, K., Frost, J. 2001.
Concept Mapping as a Tool for Research in Science
Education. In Behrendt, Dahncke, Duit, Gräber, Ko-
morek, Kross, Reiska (Eds.) Research in Science Edu-
cation – Past, Present and Future. Dordrecht, The
Netherlands: Kluwer Academic Publishers, 217-224. 

Fong, E. L. S. 1999. Concept mapping in the
learning of the law of real property. HERDSA Annual
International Conference. Melbourne.

Ford, K., M., Coffey, J., W., Turner, C., W. 1996.
Diagnosis and Explanation by a Nuclear Cardiology
Expert System. International Journal of Expert Sys-
tems 9 (4), 499-566.

Hoffmann, J. 1994. Kognitive Psychologie. In R.
Asanger & G. Wenninger (Hrgs.) Handwörterbuch
Psychologie. Weinheim, 352-356.

Jitlakoat, Y. 2005. The Effectiveness of Using
Concept Mapping to Improve Primary Medical Care
Nursing Competencies among Fourth Year Assump-
tion University Nursing Students. Assumption Uni-
versity Journal of Technology 9 (2), 111-120.

Laight, D. 2004. Attitudes to concept maps as a
teaching/learning activity in undergraduate health
professional education: influence of preferred learn-
ing style. Medical teacher 26 (3), 229-233.

Leauby, B. A., Brazina, P. 1998. Concept Map-
ping: Potential Uses in Accounting Education. Jour-
nal of Accounting Education. 16 (1), 123-138.

Maas, J. D., Leauby, B. A. 2005. Concept Map-
ping - Exploring its Value as a Meaningful Learning
Tool in Accounting Education. Global Perspectives
on Accounting Education 2, 75-97.

McGaghie, W.C., McCrimmon, D.R., Thomp-
son, J.A., Ravitch, M.M. & Mitchell, G. 2000. Med-
ical and veterinary student’s structural knowledge of
pulmonary physiology concepts. Academic Medicine
75, 362-368.

Mikelskis, H., F. 1999. Empirische Studie über
den Einfluß von Lernvoraussetzungen und Lernumge-
bungen auf Lernerfolg. In R. Brechel (Hrsg.) Zur Di-
daktik der Physik und Chemie - Probleme und Per-
spektiven. Alsbach/Bergstr: Leuchtturm, 179-181.

Norman, D. A. & Rumelhart, D. E. (Hrsg.)
1978. Strukturen des Wissens: Wege der Kognitions-
forschung. Stuttgart: Klett-Cotta.

Novak, J. D., & Gowin, D. B. 1984. Learning
how to learn. New York: Cambridge University Press.

Novak, J. D. 1990. Concept Mapping: A Useful
Tool for Science Education. Journal of Research in

Science Teaching 27 (10), 937-949.
Novak, J. D. & Cañas, A. J. 2006. The Theory

Underlying Concept Maps and How to Construct
Them Technical Report IHMC CmapTools 2006-01,
Florida Institute for Human and Machine Cognition
(IHMC). 

Parker-Jones, C. H., Pilkington, R. M. 2002. Can
concept-maps support medical students learning from
simulation. Theoria et Historia Scientiarum: Special
Issue on Knowledge Representation 6, 85-104

Reiska, P. 1999. Physiklernen und Handeln von
Schülern in Estland und in Deutschland. Eine em-
pirische Untersuchung zu zwei unterschiedlichen Un-
terrichtskonzepten im Bereich von Energie und En-
ergieversorgung mit den Methoden Concept Mapping
und Computersimulation. Dissertation. Christian-Al-
brechts-University of Kiel, 1-315.

Reiska, P. 2005. Experimente und Computersim-
ulationen. Empirische Untersuchung zum Handeln
im Experiment und am Computer unter dem Einfluss
von physikalischem Wissen. Frankfurt a. M.: Peter
Lang.

Ruiz-Primo, M. A., Shavelson, R. J. 1996. Prob-
lems and issues in the use of Concept maps in science
assessment. Journal of Research in Science Teaching
33, 569-600.

Scheele, B. & Groeben, N. 1984. Die Heidel-
berger-Struktur-Legetechnik (SLT). Weinheim: Beltz.

Schmidt, H., J. 2006. Alternative Approaches to
Concept Mapping and Implications for Medical Edu-
cation: Commentary on Reliability, Validity and Fu-
ture Research Directions. Advances in Health Sci-
ences Education 11, 69–76.

Schuster, P., M. 2000. Concept mapping: Reduc-
ing Clinical Care Plan Paperwork and Increasing
Learning. Nurse Educator 25 (2), 76-81.

Tergan, S. O. 1986. Modelle der Wis-
sensrepräsentation als Grundlage qualitativer
Wissensdiagnostik. Opladen: Westdeutscher Verlag
GmbH.

Turns, J., Atman, C. J., Adams, R. 2000. Concept
Maps for Engineering Education: A Cognitively Moti-
vated Tool Supporting Varied Assessment Functions.
IEEE Transactions on Education 43 (2), 164-173.

Walker, J. M. T., King. P., H. 2003. Concept
Mapping as a Form of Student Assessment and In-
struction in the Domain of Bioengineering. Journal
of Engineering Education 19 (2), 167-179.

West, D.C., Pomeroy, J.R., Park, J.K., Gersten-
berger, E.A. & Sandoval, J. 2000. Critical thinking in
graduate medical education: a role of concept map-
ping assessment? JAMA 284, 1105–1110.

White, R., Gunstone, R. 1992. Probing Under-
standing. London, New York: The Falmer Press.

28

Ammkasv 1.08  25.4.2008  14:28  Sivu 28




