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CHAPTER 1

The Problem

Introduction

The Science Council of Canada’s report Science for Every

Student: Educating Canadians for Tomorrow’s World (1984)

begins an analysis of the health of science education in
Canada emphasizing that
Tomorrow’s citizens and decision makers are in
school today - are they receiving the education
they will need in the 1990s and beyond? As the
rate of change increases and the world becomes ever
more complex, Canadian students need more and
better science education to prepare them for the
fui..re. (Science Council of Canada 1984, p.9)
A recurzunt theme in research on classroom practice is that
teaching is rarely intellectually inspiring and challenging.
Lecture and recitation predominate with students passively
receiving information or responding to worksheet or teacher
questions that require only simple recall and comprehension of
the material presented ( Yager & "enick 1984; Orpwood & Souque
1985; Goodlad 1984; Tobin & Gallagher 1987).

Yager and Penick (1984) reported that a majority of
students believed that not only are the things they learn in
science "dull" and "no fun" but, also, have little relevance
to the real world. Koballa (1985) points out that much of
adolescent behaviour is guided by and in response to the

individual’s search for meaning. In his review of research,

Hofwolt (1985) indicates that most students feel that the



teacher determines course content with students having little
or no input. They feel that the textbook provides the
structure and organization and that they have no choice in the
way they learn. He goes on to suggest that students believe
that teachers value student ability to think for themselves;
however, few teachers use techniques which promote the
development of higher cognitive skills in their students.
McMillan and May (1979) found that the most important factor
associated with students liking or not liking science is the
degree of active involvement and experience in the learning
process.

Onosko (1990) suggests that recently educational reformers
have focused their attention and emphasis on teaching for
higher-order-thinking in the attempt to nurture the
educational process back to productive growth. Attention and
commitment to promoting higher—-order—thinking skills have been
spreading throughout educational circles. Lawrenz (1990)
cites a 1985 Gallup poll in which teachers ranked improvement
in thinking a: the most important of 25 educational goals.

There seems to be considerable awareness of and agreement
about the importance and value of promoting higher-order-
thinking and thereby making learning more meaningful. The
problem of devising effective teaching technig.eas has
preoccupied science educators for many decades. Novak (1988)
describes the typical junior high science classroom, as a

place where near rote—-mode learning predominates with little
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or no desire to deviate from teaching the basic facts. This
depiction focuses our attention on the absence of meaningful
learning in the traditional classroom setting. Students’
perception that the teacher and the text are the main source
of knowledge (Connelly, Crocker, Kass 1985) must also be
examined in terms of promoting meaningful learning. The lack
of elaboration and large concept load, common characteristics
of school subject textbooks, creates a learning situation
requiring students to memorize information without developing
in-depth understanding (Lloyd 1990).

Meaningful learning cannot take place when the students’
view their role in the learning process as passive consumers
of information presented by the teacher or text. If we are to
facilitate meaningful learning by students, we must provide
them with a reason for rejecting rote-learning strategies.
This implies a need to foster a change in students’
perceptions of learning as a rote, arbitrary and
nonsubstantive practice to one that views learning as a
reconstruction cof meaning. Strategies which allow the learner
to accommodate new ideas within their personally constructed
body of knowledge will zilow for learning with understanding
and personal meaning. These strategies will allow the learner
to supplant the view that school learning represents the
transmission of an unchangeable body of xncwledge with the
understanding that they are in control of and essential

participants in the learning process.



Purpose of the Study

The purpose of this study is tc explore the use of concept
mapping by grade nine students in the science classroom. The
study will examine the extent to which students are able to
use the strategy of concept mapping to facilitate their
learning.

Specifically, this study attempts to investigate the
following questions:
1. Are grade nine students capable of constructing good
concept maps? If so will students use concept maps as
"answers'" on science tests?
2. Do students who are considered to be low-academic
achievers use concept maps as frequently as do high-academic
achievers?
3. What are grade nine students’ attitudes toward the
construction and use of concept maps as strategies for
learning?
4. What are grade nine students’ attitudes toward the use of

concept maps as a means of evaluation or assessment.

Significance of the Study

While the number of studies addressing the topic of concept
mapping and meaningful learning has steadily increased there
is still a need for contributions to the existing knowledge
base. The findings, resulting from this study, are expected

to augment our curient understanding of the relationship
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between student achievement, as determined by more traditional
evaluation procedures, and strategies which allow the
individual to express their knowledge in an alternate format.

Information pertaining to students’ perceptions of their
role in the learning process, and their feelings as to the
effectiveness of this strategy in terms of helping them learn,
would be of wvalue. Descriptive information detailing the
influence of the concept mapping strategy in promoting
meaningful learning would enhance our current understanding of

this complex process.

Definitions

In this thesis the following definitions will be adhered to:
concept - a perceived regularity in events or objects, or
records of events or objects, designated by a label.

concept maps - representations of meaning or ideational
frameworks specifis to a domain of knowledge, for a given
context of meaning.

concept meaning - an idiosyncratic understanding by the
individual represented by all o>f the propositional linkages
the person could construct that include that concept.
meaningful learning — non-arbitrary, non-verbatim, substantive
incorporation of new knowledge into a person’s cognitive
structure.

propositions - two or more concepts linked together with words

which serve as the units of psychological meaning.
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rote learning -~ arbitrary, verbatim, non-substantive
incorporation of new knowledge into cognitive structure.
low academic achiever — a student who achieves 55% or less on
a specific evaluation instrument or consistently scores at or
below this grade on multiple evaluation instruments.
high academic achiever - a student who achieves 80% or better
on 2 specific evaluation instrument or consistently scores at

or above this grade on multiple: evaluation instruments.

Delimitations
The focus of this study is limited to the concepts related
to specific units of study as identified in the Junior High

Science Program of Studies (Alberta Education 1990). The

study population consists of grade nine students from a junior
high school in a small town in west central Alberta. All
students involved receive science instruction from the same
teacher. The teaching methods employed, including the concept
mapping methodology, will be consistent for all students.
Evaluation of all assessment items with be conducted by the

teacher instructing the students.

Limitations

The ability of the students to learn and apply the concept
mapping strategy may depend on the student’s cognitive
preferenca and their perception of the value of the heuristic.

The degree to which the students’ utilize the concept mapping
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strategy will affect their ability to construct maps. Due to
the modest study population size and involvement of one
teacher conclusions and inferences resulting from the obtained

data may have limited transferability.

Assumptions

1. Meaningful learning is a desirable practice which can be
reflected by student thought processes and actions.

2. Concept maps serve as a mechanism to reveal the thinking
process=s, either the whole process or to some understood part
of the process.

3. Ccaungpt maps, as drawn by the student are, a direct
represetation of the student’s wunderstanding of the
ideatior:al framework and relationships of the concepts making
up the topic of study.

4. The drawing of a concept map aids understanding and/or
recall by the learner.

5. The construction of unique and detailed concept maps
constitutes a procedure which, in itself, requires higher-
order- thinking skills.

6. Concept maps are able to be "scored" in some way in order
to detect differences between learners and/or between the same

leaner at different times.



CHAPTER 2

Review of the Literature

Over the last two decades, a vigorous search has been
conducted for techniques that can lead to improvement in the
quality of instruction in our schools and subsequent student
learning. The objective in most cases is the promotion of
learning with meaning rather than rote learning. Having a
large store of accurate knowledge is a prerequisite for
successful learning and problem solving; however, the
structure in which this knowledge is stored is also important.
According to Reif (1983) and Resnick (1983), most students
have a store of knowledge that is small, not well organized
and full of well-established misconceptions. The knowledge
base available to successful learners and problem solvers, on
the other hand, is characterized as being large and well
organized (Frederiksen 1984; Smith & Good 1984).

The learning process has come to be viewed as the
development of an individual’s capacity to select information
and to construct meaning by placing the new information and
experiences in the context of what is already known, valued,
and capable of being accomplished. The recent and dramatic
shift of attention to cognitive psychclogy, with its interest
and emphasis in the learner in-the-process-of-learning (West
& Pines 1985), has become established as a constructivist

programme which has been readily accepted by science educators



(Millar 1989).

In accordance with this constructivist perspective
classroom teaching practices must recognize the unique
knowledge framework which each student possesses and provide
opportunities for students to expand their framework. These
opportunities or classroom lessons should allow for students
to examine new concepts in relation to their existing
knowledge framework and reconsider their present views and
beliefs which may be contradictory to informatic presented to
them. Classroom teaching and learning can be considered as an
evolving of the individual’s existing knowledge f:amework by
the assimilation of new ideas within the £framework.
Experiences which cause the individual to reconsider their
current beliefs serve as mechanisms to clarify misconceptions
or establish new strands of understanding within their
knowledge framework.

A basic tenet of this construct’vist model is that concept
learning is understood as a reconstruction of meaning rather
than simply the accretion of new ideas (Driver 1989).
Concomitant with the constructivist view is the fostering of
change in student learning from a rote, arbitrary, and
nonsubstantive practice to one which promotes meaningful
learning. Central to the issue of enhancing student learning
is the issue of epistemology. If students perceive their
school experience as the transmission of a body of knowledge

that cannot be changed by the learner then there is little
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motivation or opportunity for creative involvement of the
learner.

The constructivist approach to science recognizes the need
to maintain the meaningful involvement of learners in learning
a pre-~determined body of knowledge. Brody (1987) describes
learning as the comprehension and acceptance of concepts which
are intelligible and rational to the 1learner; knowledge
acquisition is an activity in which individuals participate
and construct new knowledge based on previous experience.
From the constructivist perspective kinowledge does not arise
spontaneously, nor can it be implanted. The learner is in
control of the learning process and may resist outside efforts
to enforce the acquisition of knowledge or correct and
overthrow alternate conceptions. Lythcott and Duschl (1990)
identify the primary tenets of the constructivist
psychological world view:

People impose order on the world perceived in an
effort to construct meaning, meaning 1lies in
cognition not in elements external to |us,
information impinging on our cognitive systems is
screened, translated, altered, perhaps rejected by
the knowledge that already exists in that system,

the resulting knowledge is idiosyncratic and is
purposefully and effortfully constructed (p. 458)

Children naturally interact with their environment from
their moment of birth and begin to interact with the world at
arms reach. Intuitively they develop ideas, concepts, and
theories to interpret that world. Those ideas, concepts, and

theories are not, in a simple inductivist way, only a part of
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the world of sense impressions, rather they are imaginative
constructions brought to bear on the world of observation
(Cleminson 1990). Concepts or theories do not follow from
observation in a simple cause and effect manner. Learning
takes place not only through the taking in of new information
but also involves organization and restructuring of the
concepts and theories that the learner already has. Learning
is a process in which the learner is actively engaged in
constructing meanings from text, dialogue or experimentation

(Driver & Bell 1986).

Concept Mapping Beuristic

The search for teaching techniques which enhance student
learning has intensified over the past two decades.
Techniques which enable students to build mental bridges
between what is already known and what is to be learned are
considered to promote meaningful learning.

Che area of contemporary interest that holds promise for
meaningful learning in science is concept mapping. Concept
mapping is a learning strategy that was developed first as a
research tool to represent a learner’s prior, relevant
knowledge and later as a tool to enhance meaningful learning.
J. D. Novak was the researcher instrumental in the development
of concept mapping, and is described as a pacesetter in
concept mapping (Pankratius & Keith 1987).

Novak’s (1987, 1988) description of his early studies of
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laarning emphasizes the influence of the "cybernetic model" of
learning and an evolving 'conceptual schemes" view of

epistemology. Novak suggests that Ausubel’s Psycholoqy of

Meaningful Learning (1963) brought about a change in the

paradigm guiding his research. This new perspective of
learning emphasized the individuals’ role in choosing to
relate new knowledge to relevant concepts and propositions
they already know and stood in contrast to the common belief
that 1learning is automatic, effortless, cumulative and
continuous over life. ©Novak’s acceptance of learning as a
personal construction led to many of the changes described by
Kuhn (1962), including changes in the kinds of research
questions asked.

A subsequent decade of research fostered the development of

an evaluation strategy called {wncept Mapping. This technique

was used to analyze interview data and as a direct
instructional technique with students. Concept maps are
described as a representation of meaning or ideational
frameworks specific to a domain of knowledge, for a given
context of meaning. Concept mapping is a metacognitive
strategy which can be applied at any grade level and to any
subject matter with the intent of facilitating meaningful
learning and the understanding of knowledge acquisition (Novak
1990).

Ausubel, Novak, and Hanesian (1978) define meaningful

learning as requiring: meaningful 1learning materials; a
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meaningful learning set, for example, a disposition on the
part of the learner to link each concept label in the new
material with concepts he or she already possesses; and
relevant cognitive structure, that is, some concepts already
present in cognitive structure that can be related non-
arbitrarily to the new concept labels. In contrast to
students who learn by rote, students who employ meaningful
learning are expected to retain knowledge over an extensive
time span and find new, related learning progressively easier.
Concept mapping is considered to be a robust and effective
heuristic which facilitates students experiencing meaningful

learning.

Assimilation Theory and Concept Mapping

The development of the concept mapping heuristic, as
presented in this discussion, was guided by Ausubel’s (1963,
1968) Assimilation Theory. Novak (1988) suggests that the
principle contributinn of Ausubel’s theory was its emphasis on
the power of meaningful learning, as contrasted with rote
learning. Ausubei’s detailed description of the role that
prior knowledgs plays in the acquisition of new knowledge
guided Novak': work.

Asaiwilation Theory places emphasis on cognitive processes
involved i acquisition of knowledge and the role which
explicit concept and propositional frameworks play in the

learning process. According to the Assimilation Theory a
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CONCEPT, a perceived regularity in events or objects
designated by a label, is learned by way of association with
other concepts. Except for a relatively small number of
concepts acquired very early by children through a discovery
learning process, most concept meanings are learned through
the composite of propositions in which the concept to be
acquired is embedded (Howard 1987).

As a pedagogical technique, concept mapping helps students
see explicitly how new concepts can be related to previously
learned concepts. The simplest concept map would be one
concept linked to another concept using logical connecting
words.

For example CANDY~——— IS— —SWELT

represents a simple concept map with two concepts connected by
a line containing a descriptive word. The concepts plus the
connecting word(s) form a PROPOSITION or meaningful statement.
A more complex concept map may begin to illustrate new
meanings to students and hence to exz’¢.a their concept
meanings. Concepts grow in meaning as (. -y become relatable
to a wider array of concepts in specific propositions. A
concept map is a schematic device for representing sets of
concept meanings embedded in a framework of propositions
(Novak & Gowin 1984).

In accordance with 2ssimilation learning theory it is
recommended (Novak 1981) that concept maps be constructed

hierarchically, with the most general, more inclusive concept
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at. the top, and less inclusive concepts at the subordinate
"levels". The emphasis on a hierarchical arrangement
acknowledges a fundamental principle of the assimilation
theory which suggests that meaning derives from perceived
relationships between concepts. SUBSUMPTION, a fundamental
principle of the assimilation theory, occurs when new
knowledge is perceived as related to and assimilated under
already known, more general relevant concepts.

Hierarchy can also show the set of relationships between a
concept and other concepts subordinate to it. To construct a
hierarchical concept map, one must think through what one
perceives to be the most inclusive, less inclusive, and leaaz*
inclusive concepts in any body of subject matter. The
construction of a hierarchical concept map requires active
thinking by the participant which facilitates the integration
of the new knowledge into their existing conceptual
frameworks. A hierarchical structure also permits later
subordination of a specific concept map into a more general,
more inclusive map. The concept mapping strategy enables the
learner to grasp new relationships between topics that before
may have appeared unrelated.

In accordance with the constructivist view of learning,
meaning$ 1 iaxsrning is a continuous process wherein new
conéept - greater meaning as new relationships
(proposi’ inks) are acquired. This process of

PROGRESSIY ‘*ERENTIATION encourages the learner to identify
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and describe their personal and idiosyncratic understanding of
a subject which in turn allows for better understanding of
what is misunderstood. Progressive differentiation is
enhancad when concept maps for one topic are cross linked to
concept maps for other related topics.

Associated with the discovery of new relationships is the
process of INTEGRATIVE RECONCILIATION which is of great
significan. . to meaningful learning (Novak & Gowin 1984).
Facilitated by the concept mapping process, the learner may
ezperience a substantial alteration in his or |her
understizcoing oSf concept meaning and -alationships. This
awareness of the new relationships, .'nich are commonly

displdaye:. = cross links between sets of concepts on the map,

are indicators of creative, higher-order-thinking. The
process of reconciliation facilitates the incorporation of new
concepts and meanings into the learners conceptual framework
and the resolution of conflicting messages or meanings.
Meaningful learning requires a conscious effort on the part of
the student to relate new knowledge to knowledge previously
acquired (Novak & Gowin 1984).

Concept maps externalize the individual’s propositional
frameworks and can be viewed as tools for negotiating meaning.
During the construction of the concept map students and/or
teachars construct their idiosyncratic understanding of the
relationships between propositional statements. This process

allows for the individual to become familiar, in an explicit
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manner, with "what they know" about a specific topic. The
concept map clearly shows correct relationships but also
provides the opportunities for the checking of faulty linkages
or to show what relevant concepts may be missing. The act of
constructing the concept map can also promote the awareness of
new relationships promoting the differentiation of related
concepts. Meaningful learning requires a conscious awareness
of new relationships between old and new sets of concepts.
Implications of the Concept Mapping Heuristic

In the current research literature a number of studies make

a variety of assertions pertaining to the use of the concept
mapping strategy. Concept mapping is claimed to promote
meaningful learning which is defined as non-arbitrary, non-
verbatim, substantive incorporation of new knowledge into a
person’s cognitive structure. These characteristics of
learning are opposed to rote learning which is arbitrary,
verbatim, nonsubstantive incorporation of new knowledge into
cognitive structure (Novak 1988). Klausmeir et al. (1974)
suggests that meaningful learning enables the student to:

a) generalize to new instances or discriminate non-

instances of the concept;

b) recognize other concepts in a taxonomy &- supra-

ordinate, co-ordinate or sub-crdinate;

c) recognize cause-effect, correlational, probability and

axiomatic relationships among concepts; and,

d) solve problems involving the concept.
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A number of studies have examined the effect of the concept
mapping heuristic on academic achievenent. Many studies
(Schmid & Telaro 1990; Jegede, Alayiyemola & Okebukola 1990;
Pankratius 1990; Bodolus 1986; Abayomi 1988; Spalding 1989)
reported an increase in achievement, as indicated by higher
mean scores on post-test instruments. The conclusions of many
research studies indicate that concept mapping is effective in
bringing about meaningful learning in science (Okebukola &
Jegede 1988; Heinze-Fry & Novak 1990; Okebukola 1990). These
studies made specific reference to the evaluation instruments
which were constructed to assess the extent of meaningful
learning (a portion of the test questions were at the
application level or above).

While the majority of studies cited suggest that concept
mapping enhances student achievement and meaningful learning,
the students which benefit most from the learning aid may be
those having lower abilities (Schmid & Telaro 1990; Spalding
1989). Novak, Gowin and Johansen (1983) point out that in
general, students of any ability level can be successful in
concept mapping and that other factors, such as motivation,
were important. The correlation between ability, as
determined by traditional evaluation instruments, and concept
mapping strategy was found to be very low.

Lehman, Carter and Kahle (1985) indicate no significant
difference on an achievement test designed to assess

meaningful learning. They suggest, however, that the
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similarity of the treatments used in their study, outlining
and concept mapping, might have contributed to the difficulty
in identifying achievement differences. Other factors which
might have prevented achievement differences were the
students’ and teachers’ lack of familiarity with concept
mapping in comparison with outlining as well as the difficulty
of the evaluation instruments. Stensvold and Wilson (1990)
report that high-ability students performing concept mapping
achieved lower scores on a comprehension test than similarly
able students who did not construct concept maps. The authors
suggest that high verbal ability students may prefer to use a
rote style of learning very different from that required to
construct an articulate concept map. Spalding (1989) states
that students with higher CTBS (Comprehension Test of Basic
Skills) scores who used the practice of defining concepts did
better on a post-test instrument than similar students who
were part of the treatment group using the concept map
heuristic. This supports the suggestion that high-ability
students may prefer rote learning styles.

While student achievement and meaningful learning have been
the focus of the majority of studies involving the concep’.
mapping heuristic, other factors such as anxiety (Jegede,
Alaiyemola & Okebukola 1990), attitudes (Novak 1981),
cognitive preference and learning mode (Okebukola & Jegede
1988), effects of mapping on learning (Heinze-Fry & Novak

1990), locus of control (Sherris & Kahle 1984), and gender
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(Bodolus 1986) have been examined from a correlational
perspective.

If students are to be able to meet the intellectual demands
required of citizens of the 21st century it would seem to be
imperative that they be equipped with strategies and learning
aides which empower them to be active learners. Novak (1988)
claims that very high-performing students (students earning
high grades) are learning primarily by rote and experience
frustration in their studies. This frustration may be the
result of students’ perception that the learning strategies
they are taught may not be effective. Learning strategies
frequently employed in schools promote learning as the process
c¢f memorizing isolated facts which frequently results in
superficial, short texm learning.

Students’ efforts and attitudes towards learning represent
long standing areas of concern in our educational system.
Novak (1988) makes reference to studies which show
relationships between students’ epistemological commitment
(empiricist/positivist as opposed to constructivist) and their
ability to perform on complex problem-solving tasks. The
studies cited support the value of heuristics designed to
encourage students to re-—examine their understanding of the
learning process.

The suggestion that negative feelings are associated with
cognitive involvement in rote learning practices and positive

feelings arise when involvement is meaningful is supported by
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the work of Robertson (in Novak 1988). Robertson’s study
implies that student motivation and meaningful learning may be
augmented by helping the student organize new concepts and
propositions into a whole, existing, relevant framework. It
is suggested that concept mapping serves as a learning aid
which enhances, in both a qualitative and quaatitative way,
the learner’s knowledge structure. It is also suggested that
concept maps may be useful aids which assist students’
learning and the retention of new information in a more

meaningful way.
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CHAPTER 3

Methods and Procedure

Introduction

This chapter presents an overview of the 1research
procedures used in the pilot study (Medinski & Brouwer 1993)
and a detailed description of the design of the main study.
The procedures used in the pilot study and subsequent results

served to shape the design of the main study.

The Pilot Study
Study Design

The purpose of the pilot study was to examine the effect of
the use of concept mapping on student learning in the junior
high science class. Specifically the objectives werxe to
determine whether Grade 9 students could construct concept
maps and to determine the effect of concept mapping on
students’ academic achievement. Students’ attitudes towards
concept mapping and the learning of science were also
examined.

The study involved four classes of Grade 9 students from
one school in a central Alberta town. The classes comprised
students with a heterogeneous mixture of ability levels.
Control and treatment classes were selected randomly with the

same teacher teaching all classes. The teacher followed the
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Junior High Science Program of Studies (Alberta Education

1990) and used identical reference texts, resource materials,
and methods of instruction.

At the beginning of each of the six units to be studied,
students completed a pretest consisting generally of 35
multiple choice questions and a few numerical response
questions. The test instruments used were part of the Grade
9 Science Field Test battery produced by the Student
Evaluation Branch of Alberta Education and tested students’
knowledge, comprehension, and other higher-mental skills in
each of the science content areas. Results of the pretests
were not passed on to the students.

After completing each unit of study the unit pretest was
administered again, functioning as a posttest. The students’
pretest and posttest scores indicated each student’s level of
achievement. The student’s score on the multiple choice
portion of the test were used to identify high-achieving and
low-achieving students for this specific test instrument.
Students scoring between 45%-55%, on the multiple choice
portion of the test, were considered as low-achievers and
students scoring above 80% were identified as high-academic
achievers. The class averages on the unit pre and posttests
allowed for a comparison of the classes.

All students were requested to complete the Student
Attitude about Science and Learning Science Survey prior to

the identification of the treatment and control classes.
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Student responses wcre tabulated.

The Concept Mapping Strategy

Classes selected to learn concept mapping were introduced
to the strategy through a variety of activities which involved
the use of memory and establishing relationships between
concepts. Activities included displaying number groups having
regular patterns for approximately 15 seconds using an
overhead projector and then asking students to recall as many
as possible. Word lists related to a common theme, such as
parts of a tree, were displayed for short intervals and
students were to recollect as many as possible. Random number
groups and unrelated word lists were presented to the students
for set periods of time after which the students were expected
to write down as many as could be remembered. After these
types of activities class discussions were conducted which
served to allow students to discuss their abilities to
remember the various items in the different lists. The class
discussions served to identify common strategies employed by
individuals to help them remember. Through class discussions
the limitations associated with attempts to memorize were
clearly expressed by many students. The advantages associated
with attaching or linking words and grouping words, which
shared some type of relationship, were expressed by the
students.

Additional activities were used to illustrate the
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importance and common practice of organizing ideas ard linking
them to what is already familiar. These included having the
students construct definitions or descriptions for common
words such as dog, fruit, metal, and friend. The students
shared their results, and through class discussions they
became aware of the idiosyncratic nature of meanings
associated with concepts.

Teacher-prepared concept maps were used to introduce
students to the basic components of concept maps. These maps
illustrated the arrangement of the propositions to form
hierarchical levels. The grouping of related concepts to form
branches and the establishment of crosslinks were explained
and illustrated. Students were provided opportunities to
practice constructing concept maps as individual and whole
class activities. Feed back was provided to students
emphasizing the uniqueness, yet correctness, of individual
maps. Students were assigned a variety of exercises including
word searches, summary paragraphs and readings from their
textbook, as starting points for constructing concept maps.

During this period of practice the students’ concept maps
were not formally graded. The marking scheme to be used later
was described and explained to the students using concept maps
constructed during class (Appendix 1).

Data Collection
For this pilot-study the unit Chemical Properties and

Changes, described in Alberta Education’s Junior High Science
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Program of Studies (19%"} was selected as the content focus.

All classes completed tu appropriate pretest and received the
same instruction in terms «F teaching strategies, assignments
and laboratory activ iLies All classes were provided
identical summaries fc: eacs ¢f the topics identified within

the primary text resource Sc¢ience Directions 9 (1992)

(Appendix 2) .

The eclusses forming the cowncicl group were expected to copy
the sumn>ries as notes. These summaries were discussed in
class and identified as review materials for future tests.
The treatment group were provided witli the summaries and
requested to construct a concept map or maps incorporating the
main concepts from the summary. Student concept maps were
evaluated according to the teacher prepared maps (Appendix 3).
Student maps were returned to the students and they were
encouraged to review their maps. Upon completing the unit
Chemical Properties and Changes all students wzrote the
posttest. Individual student pretest/posttest raw scores as
well as percent gain were tabulated. Class results were
expressed as mean pre— and post-test scores and standard
deviations.

During the unit of study the teacher held informal and
semi-structured interviews with 10 participants in the
treatment groups. The students interviewed included 3 high-
achieving males, 2 low-achieving males, 3 high-achieving

females and 2 low-achieving females. Five of the student
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interviews, 2 high-achieving females, 1 low-achieving female,
1 high-achieving male and 1 low-achieving male, were recorded
and transcribed while anecdotal records were made during the
other interviews (Appendix 4). Stemming from the interviews
a Concept Mapping Student Survey was constructed to provide a
broader sample of data. Upon completion of the post-test for
the unit Chemical Properties and Changes and prior to
receiving their marks on the post-test students completed the
Concept Mapping Student Survey. The results of the survey

were tabulated.

The Main Study

Study Design

The purpose of the main study was to continue the
examination of the use of the Concept Mapping strategy as a
means of promoting understanding or meaningful learning of
science by Jjunior high school students. The pilot study
indicated that students were able to construct concept maps of
varying degrees of quality or completeness. Findings
resulting from the pilot study, including results of the
Concept Mapping Student Survey and student response’ provided
during the interview sessions, indicated that some students
felt that concept mapping provided a desirable alternative

method for students to express their understanding of a topic.
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Guided by the outcomes of the pilot study the objectives of
the main study were formulated. The overall goal of the main
study was to allow grade nine science students to develop an
understanding and familiarity with the concept mapping
strategy and to provide opportunities to use concept maps as
answers to evaluation items. Specifically the focus of this
study was:

1. To examine the frequency of use of concept maps as
answers on test questions,

2. To compare the academic achievement levels of the
students using concept maps with students using paragraph
answers;

3. To survey students feelings towards the use of concept
maps.

The main study provided a means to gain information on
whether students would willingly choose to use the concept
mapping strategy, as a means of expressing their understanding
of a topic, during evaluation sessions. The assumption that
students would use the strategy which they felt would be most
effective, the one they felt most comfortable with, and would
allow them to produce the best answer guided the procedures in
the main study. Students’ preference for using concept maps
as opposed to traditional paragraphs, as answers on evaluatién
instruments, was appraised by determining frequency of use of
concept mapping and paragraph writing.

The main study functioned as a mechanism to explore



29
whether high-achieving students would prefer to use the
concept mapping strategy, to express their knowledge on test
questions, more frequently than low-achieving students.
Student achievement on the multiple choice portion of the test
served to identify high and low-achievers. Information
pertaining tc frequency of completion, of concept mapping
assignments and their associated ratings was also obtained for
the student population participating in this ¢tudy.

This study was conducted in one Jjunior high school located
in a central Alberta town. Three classes ©of grade nine
students, representing two-~thirds of the grade nine
population, were involved. The classes participating in the
study were comprised of students with a heterogeneous mixture
of ability levels and totalled 94 students.

All students participating in the study were taught by the
same teacher and received the same instruction in science in
terms of resource materials, teaching methods, and assessment
activities. The six units of study identified within the

Junior High Science Program of Studies (Alberta Education

1990) served as the course content and were taught to the
grade nine science classes. The pri c- >al textbook reference

used was Science Directions 9 (Winter et al., 1990).

During the first two units of study the concept mapping
strategy was not formally introduced. This time period, of
approximately three months (September to December), provided

the opportunity to establish a variety of classroom procedures
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and the development of convivial teacher-student
relationships. Teaching strategies and practices instituted
during this introductory phase of the study were incorporated
throughout the study.

The main reference textbook Science Directions 9 (Winter et

al., 1990, regularly divided each Unit of study into a series
of six Topics. Since this textbook served as the main
reference for this course this organizational pattern was
followed as a way of delineating subject material for
instructional purposes.

All Units were introduced to the students through the use
of demonstrations which frequently incorporated an object,
process or phenomenon which was central to the concepts
presented in the unit. This introductory event served to
focus student attention on the domain to be studied, to elicit
student discussion about the field of study, and to provide a
brief overview of the content comprising the unit. Each of
the Topics included within the Unit were introduced in a
consistent manner, frequently using a question or series of
questions designed to initiate studeat discussion. Key
concepts, pertaining to the topic, were identified, defined,
and explained. Concept understanding was promoted by students
completing various hands-on activities, written assignments,
and note taking assignments which were hoped to consolidate
the information in a concise, succinct manner.

Prior to the introduction of the concept mapping strategy
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all students completed a Student Questionnaire assessing the
students’ feelings about science class, learning science, and
science in general. The results of the survey were tabulated.
The Concept Mapping Strategy

The students were introduced to the concept mapping
strategy, after the introductory period, through a variety of
activities designed to have students become aware of the
methods or strategies they used to retain and recall data or
facts. The initial activities included presenting lists of
words and number sequences which were unrelated, using an
overhead projector. After a brief exposure to the word or
number lists, (usually 15 to 20 seconds) students were asked
to recall and write as many as possible. Class discussions
followed with the students describing the methods they used to
help them remember the word or number lists.

Subsequent activities us.2d number and word lists in which
the numbers followed a pattern or sequence and the words were
related. Again students were exposed to these number and word
lists for a brief period and then expectad to recall and write
down as many as possible. In the class discussions which
followed many students expressed their ability to recall more
numbers or words, presented in the lists, by identifying or
establishing patterns or relationships within the number or
word lists. These activities were intended to make students
aware of the benefits arising from the establishment of

connections between concepts.
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An exercise which became a consistent practice throughout
the study was to have students develop their own definitions
for the key concepts, presented in the textbook, within the
Topic of study. The teacher demonstrated the process by
selecting 4 or 5 key concepts (commonly words which were in
bold type, italicized, or formed subheadings) from the Topic.
The teacher then interpreted each term using uncomplicated,
familiar words. This activity $Served to identify the
principal concepts and to encourage the students to organize
or link new ideas or concepts to what is already familiar to
them. Through presentation of students’ definitions of
concept terms it became apparent to the students that there
was a great variety of acceptable definitions for any given
term.

The basic elements of and the structure associated with
concept maps were illustrated using teacher-prepared concept
maps that included concepts currently being studied in class.
The elements identified include: propositions (two related
concepts linked by a line and a word or words establishing the
relationship); hierarchical 1levels of concepts (the most
general concept being found at the top of the map and more
specific concepts located further down); branching (distinct
concept groups form branches from a common concept). and cross
links (connecting concepts from different branches of the map.

The Concept Mapping strategy was introduced and explained

within the context of the unit on Controlling Heat as
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presented in Science Directions 9 (Winter et al., 1990).

Various concepts presented within the first three Topics of
this unit were incorporated into the activities associated
with teaching students about concept mapping including the use
of teacher prepared concept maps. Students were requested to
copy the concept maps and encouraged to construct their own
maps, as practice, using similar concepts identified in the
teacher-made map. Students were given various opportunities
to practice constructing concept maps, sometimes as whole-—
class activities and sometimes as individual assignments.

In addition to concept maps the teacher continued to
provide the students with paragraph—summaries or notes as a
way of summarizing a given topic. Concept mapping and
paragraph-summaries were presented as alternate ways of
expressing information about science topics. The teacher made
a conscious effort to utilize each method, concept mapping and
paragraph-summaries, on a regular basis. The teacher
emphasized the effectiveness of each method and provided all
students with an outline for the students to refer to when

constructing paragraph-summaries or concept maps (Appendix 5).

Data Sources
Three units of study, Controlling Heat, Using Electricity
and Understanding Chemistry, as presented in Science

Directions 9 (Winter et al., 1990) provided the subject

content for this study. The teacher made conscious efforts to
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utilize consistent teaching methods and evaluation procedures
for all classes involved in the study. During each of the
Units of study the students were requested to copy teacher-
made concept maps and complete various concept mapping
assignments. The copying of teacher prepared maps provide
students with an overview of the structure of maps in terms of
concept hierarchy, levels of relationships, and branching.
Assignments provided opportunities for student practice of map
construction with assignments frequently submitted to the
teacher for examination and evaluation. The evaluation system
for the concept maps, which was explained to the students,
rated the student maps as Attempted, Satisfactory, or Good.
The criteria for each of these categories focused on the
basic requirements for effective concept maps including number
and of correct propositions, connecting concepts to form
branches, establishing levels, and identifying cross links
(relationships between concepts in adjacent branches)
(Appendix 6). The rating assigned to nine different concept
maps assignments (3 from the unit Controlling Heat, 3 from the
unit Using Electricity and 3 from the unit Understanding
Chemistry) completed by the students in the study were
recorded and tabulated. This data provided information on
individual students competence and overall rates of
completion. The evaluation system functioned to provide
feedback to the students regarding the quality of their map.

The students were encouraged to redraw maps to improve upon
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the overall completeness and usefulness of their maps.

A1l students were also required to record a number of
paragraph-summaries for each the Units of study. The
paragraph-summaries were customarily discussed in class and
student guestions were clarified by the teacher. The teacher-
made concept maps, paragraph-summaries and student-—made
concept maps served as the primary modes of recapitulating the
main concepts presented within the Units of study. Throughout
each of the Units students also participated in hands-on
activities, completed a variety of written assignments and
viewed audio-visual presentations pertaining to the topics
being studied.

At predetermined intervals the students were tested on the
subject material studied during the preceding segment of time.
The tests or examinations consisted of multiple choice
questions, and a Paragraph/Concept Map question(s). The
Paragraph/Concept Map questio: 5 examined the students higher-
order-thinking skills in that they required students to select
and organize their existing knowledge into a coherent
response. The Paragraph/Concept Map questions functioned to
allow students to choose between the more traditional approach
of using a paragraph to present their knowledge or the
alternative concept map strateqy.

Paragraph/Concept Map Questions
Paragraph/Concept Map Question 1 was part of the final unit

exam on Heat Energy. This represented the first test question
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which the students had an opportunity to use concept mapping
as an answer. The students had not been required to respond
to this question in paragraph or concept map form prior to
this exam.

Question 1: The three methods of heat transfer include

conduction, convection and radiation. Use a Concept Map or
Paragraph to explain how each of these methods of heat
transfer occurs and the differences between each of these
methods.
Paragraph/Concept Map Question 2 was part of a Term Final
exam. This question contained two parts, A and B, with the
students being required to answer each part. Part A required
students to apply the principles they had learned in the unit
Controlling Heat. Part B was based on the first two Topics,
Electricity - Static and Current and Cells and Batteries,
covered in the unit Using Electricity. Prior to answering
these test questions all students had copied paragraph
summaries of each Topic and completed a mapping assignment
related to the Topics. Teacher made concept maps had been
employed in the class to explain the topics. Students had not
been required to answer either part A or purt B of question 2
prior to the test, using any format.

Question 2 Part A: You are to design a container which
will prevent a large ice cube from melting for as long as
possible. Your container can be made of any common types of
material however you are not to use electricity. The
container, with the ice inside, will be placed outside in the
bright, hot summer sun.

Part B: Jennifer was wearing wool slippers and
walked across her carpeted bedroom floor to turn on her

stereo. When she reached out and touched the stereo controls
she received a shock. Explain why Jennifer received the shock
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and how she could prevent this in the future.

Paragraph/Concept Map Question 3 was part of the final exam on
the unit Using Electricity. This question consisted of two
parts each of which focused on specific topics within the
Unit. Each part of this question included 1lists of key
concepts from the relevant topics. These concepts were
included to examine what affect the lists would have on the
students’ selection of either paragraph or concept map format
as answers. The concept list was also viewed as a means to
focus the students’ attention on the key concepts to be
incorporated into their answers. Students had not been
required to answer either parts of question 3 prior to the
test.

Question 3 Part A: Bill noticed that his portable CD
player was not able to play at high volume. Bill said to his
friend Jack that his batteries were out of Jjuice. Jack
laughed and suggested that Bill squeeze the batteries to get

more juice. Using the terms below and any others you wish,
explain how batteries/cells produce electricity.

direct current electrodes chemical reaction zinec
battery positive electrolyte electron fliow
chemicals carbon negative cell

Part B: Janet asked Susan to help her with a
project she was working on. Janet explained how she wanted to
make a device which would control her bedroom light brightness
and her stereo volume from the same switch. Susan suggested
they first draw a circuit diagram to help them understand how
to connect the different parts of the circuit. Using the
terms below and any others you wish explain what a circuit is
and the parts of a circuit.

parallel 1load bulb switch
conductor open source series
control closed fuse circuit breaker
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Paragraph/Concept Map Question 4 was part of the final exam
on the Understanding Chemistry unit. The question consisted
of two parts with part A focusing on concepts covered in
Topics one and two which dealt with the Structure of Matter.
A list of 9 key concepts were provided as part of the
question. Part B dealt with the concepts provided in Topics
three, four, and six; particularly Physical and Chemical
Changes. This question did not include a list of the key
concepts identified within the pertinent Topics. Concept
lists were included in question 4 part A and not in part B to
examine how this would affect the numbers of students
selecting either the paragraph format or the concept map.
Question 4 Part A: Matter can exist as mixtures or pure
substances. Explain what the differences are between mixtures
and pure substances and give examples of each. Use the terms

or concepts listed below in your answer and include any other
terms you wish.

elements pure substances density
molecules properties atoms
compounds state mixtures

Part B: Jack had bought a used car which had
recently been painted. The following year Jack noticed a
large number of rust patches along the fender line. Jack’s
girlfriend Barb, explained that the rusting was a chemical
change and that the new paint job simply covered over the
rust. Jack thought the rust was a physical change because it
ruined the appearance of his car. Use a paragraph or concept
map to explain what types of changes matter can wundergo,
describe these changes using examples and descrihe how you
know when they occur.

After completing the unit test on Understanding Chemistry
the students completed the Concept Mapping Student Survey.
The survey included two open-ended questions: What do you like

about making and using concept maps? and What don’t you like
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about making and using concept maps? Results of the survey
were tabulated.

Semi-structured interviews were conducted with eight
students after the students had completed the unit test on
Understanding Chemistry. Students selected for the interviews
represented high-academic achievers and low-academic achievers
of both genders. 1In all interviews the following questions
were asked:

1. Are you able to make or construct concept maps?

2. What do you find hard about making concept maps? Are
there some parts of making a map that are more difficult?

3. Are there things you like about making concept maps?

4. Do you think that making concept maps help you to learn
science?

5. It seems some students have problems or find it difficult
to make concept maps. Could you suggest some reasons why this
might be?

6. Do you like being able to use concept maps as answers to
test questions?

Five of the interviews were recorded with an audio-cassette

recorder and transcribed.
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Chapter 4

Presentation of Findings and Interpretation

Pilot Study Results

The pilot study employed qualitative and quantitative
measures to determine whether Grade 9 students could construct
concept maps and to assess the effects of concept mapping on
student achievement. Students’ attitudes toward learning
science and concept mapping were also examined using Likert
scale surveys and semi-structured interviews.

Student Attitudes About Science and Learning Science

The Student Attitude About Science and Learning Science
survey (Appendix 7) afforded a glimpse into students
attitudes toward school science in general and the process of
learning science. Student responses directly related to these
attitudes are presented in Table 1. These responses indicate
that these students felt they are capable of learning science
providing it is taught properly. Students also felt that one
does not have to be smart to understand science.

The majority of students indicated that science is a
difficult subject to learn, that there are too many
definitions to remember and that one requires a good memory to
do well in science. Most students indicated that science was
boring. The survey results suggest that students have

difficulty understanding the material presented in class and
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that they do not feel able to learn science on their own.

Students indicated a preference

identify the important facts.

for having the teacher

Table 1. Student Attitudes About Science and Learning Science
Survey. The results in each category are expressed as a

percentage of the total (N = 96).

SA = strongly agree; A = agree; U
SD = strongly disagree.

All students can learn science
if the subject is taught properly.

You have to be smart to understand
the work in science class.

Science is a difficult subject to
learn.
There are too many definitions

to learn in science class.

A person has to have a good memory
to do well in science.

Science is boring.

The information presented in
science class is easy to
understand.

I am able to learn science on
my own.

My teacher should tell me the
important science facts in class.

= undecided; D = disagree;

sA
32

SA
23

SA
19

SA
12

SA
34

SA

SA
21

wa
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SA A U D SD
I learn the most in science class 30 42 10 12 6
when I do experiments or other
hands-on activities.

SA A U D SD
Diagrams and pictures help me to 12 58 19 9 2
understand science topics.

SA A U D SD
The topics covered in science 15 43 25 12 5

class help me to understand the
world around me.

The performing of experiments and other hands-on activities
and using of pictures and diagrams were consistently indicated
as ways of improving the understanding and learning of
science. The students also felt that school science

contributes to their understanding of the world around them.

Student Achievement

The effects of concept mapping and student achievement were
examined using a multiple choice/open—~ended numerical response
test instrument in a pretest/posttest format. The test
instrument used in this study was designed to test for a
variety of levels of thinking. The test, designed as a Field
Test for the Grade 9 Science Program by the Student Evaluation
Branch of Alberta Education consisted of 31 multiplication
items and 4 open—-ended, numerical response questions. Of the
31 multiple choice questions 5 questions were identified, by
the creators of the test, as assessing consept knowledge, 23

questions were identified as assessing
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comprehension/application of the concepts, and 3 questions
were identified as assessing higher-mantal abilities. Three
of the four open-ended, numerical response questions were
identified as assessing comprehension/application and one was
assessing higher-mental abilities.

The individual students’ pretest and posttest student
scores (Appendix 8) provide evidence of the tremendous range
of change exhibited by the students in this study. The
greatest individual charge of 51.5% was exhibited by student
309, a member of the control group. The second largest
individual change was shown by student 106, a member of
Treatment Class 1, which equalled 40%. Treatment Class 1
showed the greatest overall change of 14.03% and this class
also presented the highest mean posttest scorz. 7Tt was also
interesting to note that this was the only cla. *'.ich did not

show any negative gains from pretest to posttest.

Table 2. Mean pre—~ and posttest scores (maximum 33) and
standard deviations for the concept mapping classes 1 and 2
and non-mapping classes 3 and 4 (N = 51 mapping students; N =
53 non-mapping students).

Pretest Posttest
Class X sD X SD Gain
1 10.8 5.02 15.7 6.44 4.9
11.3 4.12 14.9 5.44 3.6
8.7 3.27 13.1 5.03 4.4

s W N

11.6 4.20 15.2 5.30 3.6
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The pretest and posttest student scores expressed by class,
in Table 2, show that both the control and the experimental
classes improved in their performance after receiving
instruction however there were no significant differences in
test score gains between the two groups.

Student Concept Maps

The concept maps constructed by the students varied greatly
in terms of the number of concepts incorporated into the maps,
the arrangement of the concepts to form correct propositions,
and the overall organization of the concepts to form a
meaningful concept map. A sample of concept maps constructed
on the topic of Chemicals is presented in Table 3. These maps
were produced by the students after reading a paragraph
summary provided by the teacher on the topic.

The map constructed by student 103 contains all the
important concepts, presented in the summary, 1linked as
correct propositions. The concepts are clearly arranged into
a hierarchical structure of distinct and related levels. The
more general concepts are found at the top of the map with
more specific concepts found at 1lower levels. The
propositions found in this map are established in a clear and
concise manner. The indication that both elements and
compounds can be identified by specific properties represents
a cross link. Cross links, showing relationships between
concepts in adjacent branches, suggests the student has a more

complete or meaningful understanding of the topic.
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The map constructed by student 111 includes most of the
main concepts, linked as propositions, presented in the
paragraph summary with tbe exception of those related to
properties of elements and compounds. In this map the
hierarchical relationship between the various concepts is not
clearly established. This student grouped the forms of matter
(mixture, solution and pure substance) as a single concept and
may not have understood the distinctiveness of each form. The
proposition, formed by linking the concepts atom and molecule,
is not proper as the linking words do not identify the
relationship.
Table 3. Concept maps produced by student 103 (high-achieving
student) and student 111 (low—achieving student) based on a

summary paragraph on the topic Chemicals provided by the
teacher.

Student 111 Map

CHEMICALS
|
is anz//////// are for;;\;;\\“~\\\\\\\\ can be
1
SUBSTANCE MATTER PURE
| SUBSTANCE
used or produced can be classified can be
iﬁ a / as a \
CHEMICAL PROCESS MIXTURE ELEMENT COMPOUND
SOLUTION OR PURE i I
SUBSTANCE

chemicals 1 type of
L
ATOM

smallest particle of
a compound

/
MOLECULE

Levels = _ 2 Propositions = ) Cross links = _0
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Student 103 Map

CHEMICALS
/N~ T—
can be produced can be classified
in as
CHEMICAL PROCESS MECHANICAL PURE SOLUTION
MIXTURE SUBSTANCE
/////,eit;::\\\\ ///;ithe:\\\\\
NATURALLY MAN ELEMENT CCMPOUND
OCCURRING MADE
has
ONLY ONE ATOM 2 OR MORE
ELEMENTS
I
which is make a
|
THE SMALLEST PARTICLE MOLECULE
OF A SUBSTANCE /

which is the

/
SMALLEST PARTICLE
///,OF.ACDMPmnm

identified by
| -

PROPERTIES
|
such as
COLOUR STATE DENSITY
Propositions = 17 Levels = 4 Cross links = 1

The maps shown in Table 4 were produced by students using
a paragraph summary on the topic Acids and Bases provided by
the teacher. These maps illustrate that while concept maps
tend to be relatively unique and students establish priority
and relationships between concepts in a personal manner, maps
illustrate common patterns of thinking. The map drawn by
student 107 shows the common tendency to cluster concepts and

establish propositional relationships directly to the main
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ideas or most general concepts. The propositions formed by
clustering suggest more of a rote form of learning in that
discrete facts are isolated from each other.

Table 4 - Concept maps produced by students 107 (low-
achieving student) 222 (average—achieving student}, and 122
(high-achieving student). The maps were constructed using a
summary paragraph on the topic Acids and Bases provided by the
teacher.

Student 107
ACIDS and BASES

properties are an indicator have properties
are is common ‘\\\\\3fe
|
SOUR TASTE COMPOUNDS LITMUS PROPERTIES BITTER TASTE
! / |
and produced changes and
l from colour in I
/
WATER SOLUBLE LICHENS ACIDS & BASES WATER SOLUBLE
|
and undergo and react
similar with
CHEMICAL REACTIONS ACIDS
Levels = 3 Propocitions = 11 Cross links = 0

Student 222

ACIDS and BASES

// determzned using
/ COMPOUNDS \\\\ LITMUS INDICATOR

have properties have propertzes
/ N
TASTE SOLUBLE SIMILAR TASTE SOLUBLE FEEL REACT SCUR
IN WATER REACTIONS BITTER IN SLIPPERY WITH
/// WATER \\\ ACIDS
., examples are examples are
P N s~. ,4”’
VINEGAR TOMATO RAIN LEMON CLEANERS BAKING SODA AMMONIA

WATER JUICE

Levels = __ 3 Propositions = __ 16 Cross links =_ 0
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Student 122
COMPOUNDS
— i
can be divided into can be determined by
A/CIDS \re{ with BASES NEUTRAL IND TCATORS
have properties like \\::::::\\\\\\\\\\ like
TASTE SIMILAR SOLUBLE TASTE FEEL REARCT WITH LITMUS
SOUR CHEMICAL IN BITTER SLIPPERY ACIDS
REACTIONS WATER
\ \\\ ahows
examples . examples

/// l \<:?\\“~\ //// / \\\ COLOUR

LEMON VINEGAR TOMATOES RAIN BAKING AMMONIA CLEANERS CHANGE
JUICE WATER SODA

Levels = __3 Propositions = __21 Cross links = 2

In these types of maps the students identifies all the
concepts as having equal importance and is not able or does
not attempt to develop an understanding of the relationships
between the wvarious concepts.

The map drawn by student 222, using the same teacher
summary paragraph illustrates a greater degree of arranging
concepts into branches and levels. This arrangement shows,
more clearly, the definite relationships between concepts and
identifies the more general, encompassing concepts. This map
includes nearly all the significant concepts identified within
the summary arranged in correct propositional form.

The concept map drawn by student 122 shows a multilevel

organization with three distinct strands and arrangement of
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related concepts into discrete levels. The map shows cross
link relationships between acids and bas¢s on two levels;
their sharing of similar properties and their ability to react
with each otker. This student was able to use uncomplicated
linking words to establish the greatest number of correct

propositions.

Concept Mapping Student Survey

The Concept Mapping Student Survey provided the students
the opportunity to express their feelings about the concent
mapping strategy in an anonymous setting. Student responses to
the survey presented in Table 5 indicate that a significant
number of students felt capable of making concept maps.
Survey results indicate that the constructing of concept maps
encourages students to think about the topic, helps students
to remember the topic, and assists in the learning of science.

The suggestion that concept mapping encourages students to
be actively involved in the learning process is supported by
the survey results. The majority of students indicated that
concept mapping helps students learn on their own and the
strategy allows students to use their own words to explain
science topics. The substantial number of students agreeing
that concept mapping allows them to organize information in
their own way supports ths notion that concept mapping
facilitates learning as an idiosyncratic process. In this
view learning requires the individual to make meaning by

establishing connections with what is already known. An
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additional feature, inherent in the mapping strategy, is the
opportunity for the individual to readily identify those areas
which may be confusing or poorly understood. Students
indicated their consensus with this assertion with their
support for the statement that making concept maps is a good
way to find out what you don’%t know about a topic.

TABLE 5. Concept Mapping Student Survey, student responses
expressed as per centage of total response (N=47).
SA = strongly agree A = agree U = undecided

D = disagree SD = strongly disagree

1. I am able to make a concept map. SA A U D SD
22 41 16 7 14

2. Concept maps are difficult to SA A U D SD
make. 16 33 19 27 5

3. Making concept maps helps me to SA A U D SD
understand the topic I am 11 38 19 27 5
learning.

4. Concept maps let me organize the SA A 4] D SD
information in my own way. 16 35 22 11 16

5. I prefer making concept maps on SA A 4] D SD
a topic rather than taking notes. 41 24 11 11 13

6. I find it hard to decide on which SA A U D SD
concepts to use in a concept map. 11 38 19 24 8

7. I don’t like making concept maps. SA A U D SD
22 19 24 30 5

8. Making concept maps help me to Sa A U D SD
remember the topic better. 13 41 19 11 16
9. I would not make concept maps if SA A U D SD
I didn’t have to in class. 38 27 22 13 0
10. Making concept maps makes me SA A U D SD

think about the topic. 16 46 14 16 8
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Concept maps let me use my own
words to explain the science
topic.

Selecting linking words to
connect concepts is hard.

I would like to be able to use
concept maps as answers on tests.

Choosing which concept to start
the map is usually hard to do.

I get confused when I try to make
a concept map.

If I redo a concept map I find it
is easier the second time.

A concept map gives me more useful

information than do notes.

Concept maps help me to learn
science topics.

You have to think too much to
make a concept map.

You have to be smart to be able
to make concept maps.

Concept maps should be used in
other school subjects.
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enough details about a topic.
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to make.

Making concept maps help me to
learn on my own.

Making concept maps is a good
way to find out what you don’t
know about a topic.
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Sa
24
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SD
SD
17
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12
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14
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This sample of students indicated a strong preference for
the making of concept maps as opposed to the recording of
traditional notes. This suggests that the mapping strategy
should be considered as an additional method of conveying
information in the classroom. While less than half of the
students surveyed indicated a dislike for making concept maps
a majority of students indicated they would not make concept
maps in class if they did not have to. A possible explanation
for student discomfort with the mapping strategy is indicated
by the substantial support for the statement that students

become confused when they try to make a concept map.

Student Interviews

In the pilot study the student interviews were conducted
with students who i;ad completed at least 3 of the 6 concepts
maps assigned during the unit. This criteria was used as a
measure to identify students who attempted to learn and use
the concept mapping strategy. These interviews were
considered as an additional opportunity for the students to
axpress their feelings about the concept mapping strategy in
an alternate format or mode. The transcriptions of ’» &f vhese
interviews are presented in Appendix 4 and represent sghistants
identified as high and low-achievers iu science and of both
genders.

These interviews indicated that the students, both high-
achieving students and low-achieving students, icund concept

mapping initially a difficult strategy to use. Rhonda, a
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high-achieving student, said "I found concept mapping hard to
do at first because I wasn’t sure what was expected, what the
teacher wanted." This statement suggests that high-achieving
students may pay close attention to what their teachers
indicate are the correct or best way to respond or provide
answers. High-achieving students frequently identified
concept mapping as a useful strategy that helped them to
display their knowledge in a concise format. The advantage
derived from the orderly structure of maps is describked by
Dean, "I know the stuff and I have the ideas in my head but
mapping helps me to organize it;" When a person possesses a
well organized body of knowledge the learning of new, related
concepts is greatly enhanced.

L. -achieving students expressed less confidence in their
ability to construct concept maps. A common feeling by low-
achieving students was that concept mapping was a difficult
task to complete on their own. The response by Nola suggests
these feelings when she says, "when we do them in class they
[maps] help me to understand but when I do them on my own it’s
not that clear to me." These feelings of inadequacy, by low-
achieving students, may stem from their lack of understanding
of the topic or the requirement to use thinking processes
which prove taxing.

The construction of concept maps as whole class activities
or with partners may prove a valuable way of assisting the

low-achieving student to improve their learning of science.
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This is supported by Brian’s comment that, "I like maps when
we do them in class or with a partner, then they’'re fun and
they work out better." The constructing of concept maps can
serve tc¢ in 3e the low-achieving student’s understanding of
a copiec .n ~-~c ute the use of higher-order thinking skills
well beyc:: t+at associated with the recording of notes. The
completion of conci.: maps as partner or grovp activities
encourages all students to be engaged in the thinking process,
places value on their unigue, personal knowledge, and reduces
the “hreat of being singled out for existing misconceptions.
A majority of students interviewed indicated that they
experienced difficulty in identifying key concepts or starting
the concept map. While this condition was identified in
association with using concept mapping, it represents an
impediment to learning science in general. Students’ find it
difficult to assimilate the large number of concepts, which
are integral to the learning of science, in a meaningful
manner. The use of the concept mapping strategy provides
constructive exercise, for those students who attempt to learn
the strategy, aimed at improving significant learning.

The pilot study findings indicate that these students were
capable of constructing concept maps of varying degrees of
quality and that high-achieving students viewed maps as
helpful in learning science. These students indicated that
constructing concept maps is a difficult task initially, for

a variety of reasons, but becomes easier with practice. The
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use of concept mapping did not appear to produce significant
increases in student achievement, as measured by the
pretest/posttest instrument, nor did it appear to impede
student learning. Some students indicated a preference to use

concept maps as answers on test questions.

The Main Study Results

The focus of this study was to examine the use of concept
mapping by students as an alternate means of expressing their
understanding of science topics in an evaluation setting.
Students were provided the opportunity to learn and use the
concept mapping strategy in order to appraise the overall
ability of grade nine students to construct good quality
concept maps. The main objective was to provide students the
opportunity to use concept maps or explanatory paragraphs as
answers to test questions. These test questions required
answers which included many related concepts organized and
presented in a correct, coherent fashion. The frequency of
use of concept maps as answers as well as the comparison of
use by high-achieving students compared to 1-u achitving
students was also assessed. Students attitudes toward
learning science and concept mapping were a¥so examined using
Likert scale surveys and semi-structured .nterviews.
Student Attitudes Towards Science and Eearning Science

Prior to the introduction of the comcept mapping strategy

all students participating in the stmly were requested to
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complete a Student Questionnaire consisting of 30 questions.
The Questionnaire employed a Likert scale with the statements
eliciting students feelings about science =z a subject,
methods of learning science and evaluation in science class.
The results of the Questionnaire are presented in Tadble 6.

The results of the Questionnaire suggest that these
students enjoyed science and felt confident that all students
could learn
science if the subject was taught properly. A large majority
of these students felt comfortable in science class and that
the topics covered in science assist the individual in
understanding the world around them. Slightly over half the
students felt that science was a difficult subject to learn
while approximately the same number indicated that you do not

have to be smart to understand the work in science class.

Table 6. Student Questionnaire, total student responses in
each category expressed as raw score. (N = 100)

KEY: SA = strongly agree D = disagree
A = agree SD = strongly disagree
1. You have to be smart to understand SA A D SD
the work in science class. 5 39 45 11
2. Science is an enjoyable school sa A D SD
subject. 8 52 32 8
3. All students can learn science if SA A D SD
the subject is taught properly. 45 40 8 7
4. I feel comfortable in science class. SA A D SD

14 62 20 4

S5. Science is a difficult subject SA A D 8|5
to learn. 10 43 37 i0
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Diagrams and pictures help me to
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A majority of survey respondents agreed that a good memory

while only 50%

supported the claim that memorizing facts separately is the

best way to remember science facts.

students felt that science was boring.

A minority of these

Approximately two-thirds of those responding suggested they

wnderstood how their 1learning occurred in science class
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however half the students indicated they could not learn
science on their own. Over 80% of thesé students felt that
their teacher should tell them the important science facts and
that they learned the most when they completed experiments or
other hands-on activities. Over three—quarters of the
students claimed that the use of diagrams or pictures helped
them learn science. A substantial majority indicated that
reading their textbook and their class notes helps them to
understand material ccvered in science class. Approximately
two-thirds of the students suggested that explanations by
other students helped them learn science. A slight majority
felt that copying notes helped them understand science topics.

Less than one-half of these students supported the claim
that studying for a science test assured them they would do
well. A significant majority indicated they feel stress and
pressure when studying for a test. Over 60% of those
responding felt that there were too many definitions to
remember in class and that it was difficult to know what
information was important. The majority of these students
viewed 2ocience tests as difficult because the questions
usually have only one right answer. Nearly 80% of the
responses expressed a preference for using one or two word
answers as opposed to paragraphs and they attempt to use their

own words when answering questions on science tests.
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Student Concept Maps

For each of the units of study the students were required
to complete 3 concept maps pertaining to specific topics
within the unit. Each of these maps were evaluated according
to the criteria identified (Appendix 9) and rated as
Attempted, Satisfactory or Good. A numerical equivalency for
the descriptive ratings would be: NA (Not Attempted) no mark,
A (Attempted) = 5-6, S (Satisfactory) = 7-8, and G (Good) =
9-10. The descriptive rating was used to downplay the
evaluative function and thereby encourage students to complete
the map assignments, to provide general feedback as to the
quality of the map, and encourage students to review the
criteria used to assess the maps.

The information provided in Table 7 summarizes the results
for the student maps constructed for the unit on Controlling
Heat. Map 1, on the topic of Temperature, was constructed
using a teacher prepared paragraph summary as well as the

information presented on pages 122-123 in Science Directions

(Winter et al., 1991). Map 2, on the topic Microwave Cooking,
was constructed using the information presented on page 139 in

Science Directions (Winter et al., 1991). Map 3, on the topic

Greenhouse Effect, was constructed using a teacher prepared
paragraph summary as well as the information presented on page

146 in Science Directions (Winter et al., 1991).
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Table 7. Summary of map ratings assigned for maps 1, 2, and 3
on the unit Conirolling Heat. NA (Not Attempted}, A
(Attempted), S (Satisfactory), G (€ood). (N=100)

MAP NUMBER
1 , 2 3
Map Rating . Number of ma assiqned rating
NA i2 13 15
A 57 55 54
[ 19 21 20
G 12 11 11

The data in Table 7 illustrates that the majority of
students attempted constructing concepts as assigned.
Approximately one~third of the maps were rated as Satisfactory
or Good which suggests a considerable number of students were
capable of understanding the process of concept mapping and
applying it in a successful manner. Included in the rating of
NA are the maps which did not identify at least a minimum
number of propositions in their maps (minimum number of
propositions required for each assignment were expressed to
students) as well as the number of students who did not
attempt the assignment.

The maps receiving a rating of G (Good) contained the

greatest number of correct propositions, arranged in two or
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more branches, and frequently arranged in more distinct
levels. A significant feature is that these types of mups
often contained one or more cross links. These maps were most
often conit ... :fed by students identified as above-average or
high-achieving s*tudents in science.

Table 8 includes examples of concept maps constructed by
students on the topic Temperature. In this assignment
students were required to identify the key concepts, presented
in the readings, and connect them to form correct
propositions. While the number of correct propositions
displayed in each map varies only slightly the map by student
B26 contains cross 1links. These cross links establish
relationships between energy levels and temperature
measurements and are considered to show a mre thorough
understanding of the topic.

The map constructed by student D28 also identifies
propositional relationships, between energy and temperature,
but relies on a more linear display. Related concepts are
arranged in discrete branches, each having relatively few
propositions. In the map constructed by student D11 we see a
map which is distinctively linear in design. The lack of
branches suggests that the :tudent may not see the variety of
relationships which occur between the different concepts.

A linear map, such as the one created by student D11, may
indicate a preference for rote learning where individual bits

of information are memorized as units. The crganization of
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the concepts in terms of hierarchy, general to specific, is
not as well established in maps rated as A (Attempted). A
more substantial understanding of the topic is characterized
by multiple connections between concepts which is more common
in maps rated as S (Satisfactory), and G (Good).
Table 8. Examples of concepts maps on the topic Temperatuxe
which received a rating of G (Good), S (Satisfactory) or A
(Attempted). Students are identified by class (B, D, F) and
number (1 to 34).

Student B26 - Concept map rated as G (Good)

TEMPERATURE
P ~
measures is average
P
ENERGY PARTICLE MOTION
causes
can b;\\\\\\ can be
HIGH LOW FAST SLOW
/
is is
/
HOT COLD
Levels = 3 Propositions =__11 Cross links = 2

Student D28 - Concept map rated as S (Satisfactory)

PARTICLE MOTION

causes
I
KINETIC ENERGY
/
can be average speed is
N
HIGH Low TEMPERATURE
particles move | i;\\

FAST SLowW HIGH
when particles move

FAST

Levels = 3 Propositions = 8 Cross links = 0
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Student D11 - Concept map rated as A (Attempted)

PARTICLES
have
i
ENERGY
|
causes
MOVEMENT
/////;an b;\\\\\\\\
FAST SLOW
1 |
is is
| [}
HOT COLD
\is
TEMPERATURE

o

AVERAGE ENERGY

Levels = 2 Proposi.ions = ) Cross links = 0

The information provided in Table 9 summarizes the results
for the student maps constructed for the unit on Using
Electricity. Map 1, on the topic of Static Electricity, was
constructed using a teacher prepared concept list as well as
the information presented on pages 169 and 171 in Science

Directions (Winter et al., 1991). Map 2, on the topic Current

Electricity, was constructed using the information presented

on page 172 in Science Directions (Winter et al., 1991) and a

teacher prepared summary on the topic. Map 3, on the topic
Electric Motors, was constructed using the information

presented on page 190 and 191 in Science Directions (Winter et

al., 1991).
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Table 9. Summary of map ratings assigned for maps 1, 2, and 3
on the unit Using Electricity. NA (Not Attempted), A
(Attempted), S (Satisfactory), G (Good). [N=94)

MAP NUMBER
1 2 3
Map Rating Number of maps assigned rating
NA 11 13 17
A 56 51 50
S 18 20 18
G 9 i0 9

The summary of map ratings provided in Table 9 indicate
that a large majority of students were willing and able to use
the concept mapping strategy to present their understanding of
the wvarious topics. The students were able, in varying
degrees, to identify and organize concepts in a purposeful
manner to convey their understanding of the specific topic.
The majority of maps, in each of the three map assignments,
received a rating of A (Attempted) and there was a decline, as
compared to the previous rating summary, in the number of maps
rated G (Good). This suggests that the students had some
difficulty with this topic and may indicate that the students
did have a good understanding of the concepts related to the

topic. The map results provide a sign, suggesting a need to
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review the concepts associated with these topics and perhaps
the unit in general. A significant advantage of concept
mapping is that the areas of misunderstanding or poor
understanding are visibly displayed.

Examples of student maps on the topic Current Electricity
are displayed in Table 10. These maps were constructed using
a teacher prepared paragraph summary as well as background

information presented in the textbook (Science Directions 9).

As with the previous unit, the maps which received a rating of
S (Satisfactory) or G (Good) were generally constructed by
students identified as above-average or high-achieving
students. The maps receiving a rating of A (Attempted) were
commonly the work of students of average or limited academic
ability in science.

The map constructed by Student B5 illustrates the typical
map design employed by students having a limited understanding
of the topic. This map has few branches and concepts tend to
be strung together rather than clustered in levels of related
generalization. The maps prepared by students D12 and Fl1l
were both rated as S (Satisfactory).

These maps illustrate the considerable variety of forms
maps can take and still present similar types of information.
This variety of form illustrates the expanded opportunity
mapping provides to the students to display their
understanding of a topic. The map constructed by student F20

portrays a more comprehensive understanding whereby cross
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links are established between concepts in adjacent strands to

identify meaningful relationships.

Table 10. Examples of concepts maps on the topic Current
Electricity which received a rating of € {Good), S
(Satisfactory) or A (Attempted). Students are identified by
class (B, D, F) and number (1 to 32).

Student B5 - Concept map rated as A (Attempted)
CURRENT
is
MOVING ELECTRONS

|
in a
I

CONDUCTOR
|

pushed by

POWER SUPPLY

N

ONE DIRECTION BACK AND FORTH
|
called called
| |
DIRECT CURRENT ALTERNATING CURRENT
Levels = 2 Propositions = 8 Cross links = 0

Student D12 - Concept map rated as S (Satisfactory)
ELECTRIC CURRENT

is

ELECTRONS MOVING

through
CONDUCTOR

_ can be can be needs forms
ALTERNATING DIRECT POWER SOURCE CIRCUIT
is is like
BACK AND FORTH ONE DIRECTION BATTERIES OR

POWER STATION

Levels = _ 3 Propositions = __ 10 Cross links = _0
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Student F1ll - Concept map rated as S (Satisfactory)

CURRENT ELECTRICITY

is

MOVINC U...ECTRONS
i
ithrough

CONDU(".. JR/CIRCUIT

could Ei/,/’///

ONE DIRECTION ONE DIRECIIOH THEN THE OTHER

couwid be

called’ I called

DIRECT CURRENT ALTERNATING CURRENT
as in as in
BATTéRY

POWER STATION

Levels = 4 Propositions = 8 Cross Links = 0

Student F20 - Concept map rated as G (Good)

ELECTRON FLOW

ALTERNATING CURRENT DIRECT CURRENT
needs conductor

flow flow
BACK AND FORTH

ONE. DIRECTION

is a Clrcul/
due to

OWER SOURCE
like ”’//’ \\\\‘\\\\iife
/
POWER STATION BATTERY
Levels = __3 Propositions = 10 Cross links = __ 2

The information provided in Table 11 summarizes the results
for the student maps constructed for the unit on Understanding

Chemistry. Map 1, on the topic of Chemicals, was constructed
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using the informatica in a teacher prepared summary paragraph.
Map 2, on the topic Types of Changes, was constructed using
the information presented in a teacher prepared summary
paragraph. Map 3, on the topic Acid and Base Indicators, was
constructed using the information presented in & teacher
prepared summary paragraph.

The map rating summary in Table 11 presents a similar
distribution of map scores, in each of the rating levels, as
presented in previous rating summaries. These results may
indicate that each student approaches each map assignment as
a unique or novel exercise and consistently wutilizes

spontanecus practices of concept association.

Table 11. Summary of map ratings assigned for maps 1, 2, and
3 on the unit Understanding Chemistry. NA (Not Attempted), A

(Attempted), S (Satisfactory), G (Good). (N=96)
MAF NUMBER
1 2 3
Map Rating Number of maps assigned rating
NA 13 12 14
A 53 50 51
S 19 21 18
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The large number of maps, in this unit, receiving the
rating of A (Attempted) frequently displayed a similar linear
appearance. A possible explanation for this consistency in
map design may be due -0 students’ instruction in conventional
styles of information presentation. When prezented with new
and unfamiliar concer - a majority of low-achieving students
may unknowingly emplc strategies of association which have
been regularly employed and used for classroom instruction.
Textbooks, note-taking, and paragraph writing display concepts
in a linear, segmented manner. In these traditional modes of
information presentation concepts are introduced separately
and sequentially.

The concept mapping strategy involves concepts being
linked and arranged in clusters or levels where relationships:
can be established. The concept mapping strategy requires the
individual to break away <from the traditional linear
perspective and seek an expanded view of concept connections.
In those maps rated as G (Good) the tendency to establish
relationships between concepts in adjacent branches is
evident. While this new way of perceiving concept
associations may be achieved through prolonged practice it may
be limited by the individual’s cognitive state.

The student maps presented in Table 12 display the features
which are frequently exhibited by those maps receiving
Attempted ratings. The concept map of student Bl9 illustrates

the tendency of some students to construct linear maps where
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the most general concepts are not positioned near the top of
the map. This map also displays the common practice of
connecting related concepts to form linear strings rather than
interrelated clusters. The reduced number of propositions,
common to maps rated as Attempted, may be due to students
having difficulty in fitting all concepts within their
personally constructed map framework. The absence of cross
links suggests a limited understanding of the relationships

between the various concepts.

Table 12. Examples of concepts maps on the topic Chemical
Changes which received a rating of G (Good), S (Satisfactory)
or A (Attempted). Students are identified by class (B, D, F)
and number (1 to 32).

Student B19 - Concept map rated as A (Attempted)

MATTER
undergoes changes like
-~ Y
MELTING CHEMICAL CHANGES
or shgwn by
DISSOLVING COLOéR CHANGE
o | | o
FREEZING BUBBLES OF GAS
are examples or
PHYSICAL CHANGE HEAT/LIGHT RELEASED
no i forms
NEW SUBSTANCE NEW SUBSTANCE

Levels = 2 Propositions = 10 Cross links = 0
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Student D28 - Concept map rated as G (Good)

CHEMICAL CHANGES

PHYSICAL CHEMICAL
\ /
is is not

REVERSIBLE

keep original "has new, different

7~
PROPERTIES /
examples are /clues include
FREEZING, MELTING, DISSOLVING COLOUR  GAS HEAT

CHANGE BUBBLES LIGHT
OR PRECIPITATE

Levels = 3 Propositions = 13 Cross links = 2

Student D2 - Concept map rated as G (G. .1

MATTER CHANGES

/ can be -

PHYSICAL CHEMICAL
appearance change /
can be/ \\ can be/ \\
e
FREEZING DISSOLVING MELTING GAS HEAT COLOUR  PRECIP.
\\\ BUBBLES/ LIGHT CHANGE

is not new is new
N /
SUBSTANCE FORMED
can difficult to

REVERSE CHANGE

Levels = 3 Propositions = 14 Cross links = 3
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student F31 - Concept map rated as $ (Satisfactory)

MATTER
\
can change \\\\\\\\\
PHYSICALLY CHEMICALLY
like shown by
\l ] N
FREEZING MELTING DISSOLVING COLOUR HEAT OR GAS
' CHANGE  LIGHT | BUBBLES
is is not
REVERSIBLE REVERSIBLE
/means means
NO NEW SUBSTANCE NEW SUBSTANCE
levels = 2 Propositions =__12 Cross links =_ 0

The concept maps completed by students D2 and F31, both
rated as G (Good) exhibit the composition which indicates a
more substantive awareness of the variety of relationships
existing within the given topic. The more general concepts
are consistently identified and located at upper levels of the
map.

Tne maps completed by students D2 and F31 include specific
ccn.ep"s or examples waich help define a general concept are
locaty .+ lower iewvels. A greater number of propositions, a
characteristic of maps usually fashioned by higher-achieving
studentc, suggests an enhanced ability to identify and
establish concept relationships. The establishment of cross
links serve to identify those qualities which are shared
petween affiliated concepts and indicate a richer

understanding of the topic.
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Paragraph/Concept Map Questions Results
The paragraph/concept map questions were components of unit
tests or term-final exams. Their function was to provide
students the opportunity to wutilize the concept mapping
strategy as a means of displaying their understancing of a
given topic. Question 1 formed part of a term—-final exam
which focused on the unit of Controlling Heat. Prior to this
term test the students had completed at least three concept
maps independently. The studesnts had cocpied or been provided
with a least six summary paragraphs pertaining to the main

topics as identified in Science Directions (Winter et al.,

199%0) and copied three different concept maps on various unit
topics. The students had not been requested to complete this
question prior to the unit test. This question did not
include a list of concepts to assist students in completing
their paragraph ox concept map.

The results to Question 1, presented in Table 13, indicate
that z majority of the students, completing the quastion,
choose to use the concept mapping strateqgy to convey their
ideas on the topic. The averages of the grades assigned to
the concept maps and the paragraph answers varied oqu
slightly. Students identified as high-academic achievers, as
indicated by their scores on the multiple choice section of
the test, showed a slight preference for using paragraphs.
Those students identified as low-academic achievers, as

indicated by their scores on the multiple choice section of
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the test, showed a preference for using concept maps.

Table 13. Results to the Paragraph/Concept Map question #1 on
describing the Methods of Heat Transfer. (N = 100)

Number of students using: Concept Maps = 47 Paragraphs = 38
Average grade: Concept Maps = 5.9 Paragraphs = 5.4

Number of students not attempting question = 11

Students scoring 80% or better on multiple choice portion of
test:

Used concept maps = 7
Used paragraphs = 8

Students scoring between 45% and 55% on multiple choice
portion of test:

15
11

Used concept maps
Used paragraphs

The relatively high frequency of use of concept mapring on
this test question may be due to the format of the question.
This question required students to present a summary of their
understanding of this topic. The concept mapping strategy
lends itself to the orderly display of a person’s personal
understanding of a topic. The hierarchical organization of
concepts, starting with most general concepts, may assist the
individual in recalling additional concepts. Studants
indicate, during class discussion, that the more general
concepts often act as organizers or mental hooks which assist
them in recalling relevant concepts.

Those students who used concept mapping may have felt this
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method reduces the need for description employing conventional
sentence structure format. Low academic achievers may have
viewed concept mapping as an opportun.ty to express their
ideas in a simpler, direct manner. For those students who
become confused or frequently present mixed-up answers when
they attempt to convert their in-the-head understanding to a
written format, concept mapping may prove an effective
alternative.

The concept maps exhibited in Table 14 were constructed by
high~achieving students using the same reference materials on
Heat Transfer. The map constructed by Student D9 displays a
much fuller understanding of the topic, as indicated by the
greater number of propositions, especially in terms of heat
transfer by radiation. The identification of distinct
branches, for each method of heat transfer, and the use of
distinct examples results in a much greater number of relevant
terms included in this map.

The map coﬁstructed.by stndent F9 suggests this student has
a general understanding of the processes of heat transfer but
lacked detailed understanding of each method. The absence of
propositions related to heat transfer by radiation suggests a
limited knowledge of this area. Concept maps serve to clearly
display the scope and depth of a student’s understanding of a

topic.
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Table 14. Examples of student concept maps used to answer
question #1 on Heat Transfer.

Student F9 - Concept map rated as Satisfactory (7/10). Constructed by
high-achieving student.

HEAT TRANSFER

-~ ~
does need doesn’t need
-~ ~
PARTICLES PARTICLES
//// is \\ ‘is
CONDUCTION CONVECTION RADIATION
takes place in occurs in
SOLIDS LIQUIDS VACUUM
I by \ ' at
DIRECT CONTACT PARTICLE MOVING LIGHT SPEED
Levels = 3 Propositions = 11 Cross links = 0
Student D9 - Concept map rated as Good (9/10). Constructed by

high-achieving student.

HEAT TRANSFER

|
/ can be \
- |

RADIATION CONVECTION CONDUCTION
takes place in takes place in is ;n
WAVE~LIKE TORMS LIQUIDS GASES SOAIDS
// ochrs iA\\\\ \\occurs in/// occur; by
ABSORBTION l REFLECTION CONVECTION VIBRLTING
TRANSMISSION CURRENTS PARTICLES
by by , by uﬁes cauLing
DARK GLASS SHINY HEATED AND COOLED COLJISIONS
OBJECTS MATERIALS SURFACES PARTICLES
Levels = 3 Propositions = 17 Cross links = _ 0

The results presented in Tables 15 and 16 display the

findings for questions 2A and 2B. Questions 2A required the
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students to apply their understanding of heat conduction.
This question was used to test students’ higher-order thinking
abilities as opposed to examining only their knowledge and
comprehension of this topic. The wvast majority of students
chose to use the paragraph format to answer question 2A. Many
of the students who used paragraphs to answer this question
included a diagram to support and elaborate their explanation
in paragraphk form.

Table 15. R ©:. to the Paragraph/Concept Map question #2
part A. (N = 7

Question #2 - Pzri A. Describe the design of a container to
reduce the melting of an ice cube when placed in the sun.

Number of students using: Concept Maps = 5 Piris
Average grade: Concept Maps = 5.8 Par:ag

Number of students not attempting question = 20

Studerits scoring 80% or better on multiple choice portion of
test:

Used concept maps = 4
Used paragraphs = 10

Students scoring between 45% and 55% on multiple choice
portion of test:

Used concept maps
Used paragraphs

Paragraph answers to Question 2A, describing the insulating
structure, commorly described the outermost layers first and
then the inside layers. This segquential description rarely
included the identification or discussion of relatiorships

which existed between concepts used in earlier "layers" or
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sections of the paragraph. The paragraph answers routinely
detailed specific concepts first rather than establishing any
form of hierarchical relationships. The more general,
encompassing concepts may not have been distinguished in the
paragraph answer. This omission of overarching concepts
reduced the opportunity to establish interrelationships
between related concepts and thereby establish a broader
understanding.

The students who selected to make concept maps were
reauired to perform higher-order thinking processes, including
application of relevant concepts as well as the svnthesis of
these concepts into a meaningful concept map, and the
evaluation of their effectiveness. The extremely low number
of students who employed the use of concept mapping, in this
instance, suggests that students did not feel confident in
using this strategy to answer this type of question. This
requirement, to operate at a higher conceptual level, may have
proven too difficult & task even for the high-achieving
students. While concept mapping is useful and effective in
displaying students knowledge and comprehension of a topic
this strategy may not be easily employed to communicate ideas
incorporating more creative, higher-order thinking.

Question 2B also required students to apply their
understanding, in this instance the topic was Static
Electricity, in order to effectively answer the question. The

results presented in Table 16 show that very few students used
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the concept mapping strategy. The low number of concapt maps
used in this situation lends support to the proposal that
these students found it difficult to use the concept mapping
strategy to answer guestions requiring the application,
synthesis, and evaluation of conceptuai knowledge. The
majority of students chose to express their answers in a
paragraph format which allowed them to identify and explain
individual concepts in a sequential manner. Diagrams were not
commonly included with the paragraph answers. The paragraph
answers tended to explain static electricity as a "bottom up"
phenomernion. Little generalization was included within the
paragraph answers; the focus was on each of the events which
contributed to the production of the discharge.

Table 16. Results to the Paragraph/Concept Map question #§2
part B. (N = 94)

Question $2 -~ Part B. Explain why Jennifer received a shock
when che touched her stereo.

Number of studeants using: Concep: Maps = 4 Paragraphs = 72
Average grade: Concept Maps = 5.5 Paragraphs = 6.1

Numkezr of students not attempting question = 18

Students scoring 80% or better on multiple choice portion of
test:

Used concept maps = 3
Used paragraphs = 13

Students scoring between 45% and 55% on multiple choice
portion of test:

Used concept maps
Used paragraphs

nn
N
e
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The examples of a paragraph answer and a concept map answer
presented in Table 17 illustrates the different approaches
used by two high-achieving students. Both answers incorporate

a description of the layers which form their container and the

Table 17. Examples of a student paragraph and concept map
used to answer question #2A.

Student F20 — A paragraph answer to question 2A on heat transfer by a
high-achieving student. The paragraph was rated as Good (9/19) .

An umbrella shades the ice box and keeps the sun ofi the box. The
first (outermost) box is white, made of cardboard and reflects any heat
away. The air spaces in the cardboard helps prevent heat ' ransfer. The
dead air space created with the wood blocks (second layer)} gfrevents heat
transfer in or out. The second cardboard box (third lzyar) prevents
convection currents. The air space in the second cardboard ex allows for
heat to build up in the air (if there is any) and keep the heat away from
the ice. An inside layer (fourth layer) of tin foil reflects heat way
from the ice. The saran wrap around the ice is an insulator to stop the
heat from getting to the ice.

Student D25 — A concept map used to answer question 2A on heat transfer by
a high-achieving student. The concept map was rated as Good (9/10)

Insulated Box

N

OUTER LAYER INNER LAYERS
-, \
made of \\\\\\ l filled with
~
CARDBOARD/WOOD —— TIN FOIL PLASTIC CHIPS STYROFOAM
covered with separated by
is is stops stops
STRONG REFLECTIVE CONVECTION CONDUCTION
l .
is stops stops ,is
|
GOOCD INSULATOR RADIATION AIR FLOW POOR CONDUCTOR

oo/

MELTING OF ICE

Levels = 3 Propositions = __17 Cross links = 0



82
materials used to reduce heat transfer. The paragraph answer,
by student F20, details the layers from the outside inwards in
a sequentiél and distinct manner. The paragraph answer
includes most of the main concepts associated with this topic
however their organizational capability is not identified or
utilized.

The concept map, by student D25, presents the idezas or

concepts in a more generalized display. Exact numbers of
layers are not specified rather the types of materials used,
ahd their properties are identified. This map includes a
large number of correct propositions which are organized into
branches and levels.
The levels of »:lated concepts, displayed in the map, present
numerous poss e relationships between the concepts
identified ir =<h level; however cross links were not
indicated. Key overarching concepts are identified and serve
as organizers for related concepts.

Table 18. Examples of a student paragraph and a concept map
used to answer question 2B.

Student F9 - A paragraph answer to question 2B on static electricity by a2
high-achieving student. The paragraph was rated as Satisfactory (8/10).

When Jennifer walked across the carpet with her slippers on she
developed a charge of static electricity. When she touched the stereo she
released the charge through a discharge. This discharge is called a
shock. Her slippers made of wool became charged easily by rubbing against
the carpet. The charge she had received was the cpposite of the chazge ¢
the stereo. When she touched the stexreo the opposite charges attracted
and electrons moved. To prevent this from happening she should wear
slippers made from a material which is an insulator like wood.
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Student D28 ~ A concept map used to answer question 2B on static
electricity by a high-achieving student. The concept map was rated as
Satisfactory (7/10)

STATIC ELECTRICITY

can be\

POSITIVE CHARGE NEGATIVE CHARGE
opposite charges attract

like like
JENNIFER STEREO
has 1ost‘ has gained\
ELECTRONS ELECTRONS
. same charge repel
move because
FRICTION AND ATTRACTION
called
DISCHARGE ||OR SHOCK
prevented by
INSULATOR|S OR GROUNDING
Levels = _ 4 _ Propositions = __ 11 Cross links = __1

The answers presented in Table 18 were completed by high-
achieving students and were each rated as Satisfactory. The
paragraph answer by student F9 provides accurate information
pertaining to the question in a partially «rganized manner.
Starting with the general concept of static electricity,
student F9 goes on to discuss the concepts of discharge,
charge, electron movement, and grounding. Though 2ach concept
is discussed hierarchical relationshaps a.s mnot clearly
established.

The concept map by student D28 estalklishes & rather limited
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number of propositions but is able to show considerable
understanding of the topic. The ¢consolidation of concepts
into a common strand, to form the bottom <ne-half vf the map,
establishes a propositional flow following hierarchical
relationships. Starting at the top of the map, the general
concept Static Electricity is used, followed by proposit:.ons
detailing charge, electron flow, discharge and grounding.
This map employs the use of multiple levels as opposed to
numerous branches to convey an informative answer to this
question. The great variety of ways of displaying correct
answers, using concept mapping, continues to support the
notion that 1learning is idiosyncratic and a cumulative
process.

The results presented in Table 19 indicate the number of
paragraph and concept map responses to question 3A. This
question examined students’ knowledge and comprehension of the
concepts comprising the topic, the dry cell. This represented
the first test question where specific concepts pertaining to
the topic were provided for the students to use in their
answers. The concepts were included to examine the effect
this would have on the number of students ucing @ach answer
format as well as the overall quality of the students’
answers. Students had copied paragraph summaries as well as
concept maps ¢1 this topic during their studies of this unit.

The majority of students chose to use the concept mapping

strategy to answer question 3A. The average grade assigned to
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the concept map answers was slightly higher than the average
grade of the paragraph answers. This suggests that, for this
topic on the Dry Cell, these students felt more confident in
using the concept mapping strategy and developed answers with
more detail and clarity than those using the paragraph format.
Approximately 75% of the high achieving students, on this
test, used the concept mapping strategy to answer this
question. This indicates a strong preference by this group of
students for the concept mapping strategy when they are
required to describe and explain, show knowledge and
comprehension.
7able 19. Results to the Paragraph/Concept Map question #3
part A. (N = 94)

Question #3 - Part A. Explain how a dry cell produces
electricity. (12 concepts were identified for use in paragraph
or concept map) .

Nurber of students using: Concept Maps = 47 Paragraphs = 42
Average grade: Concept Maps = 6.7 Paragraphs = 5.9

Number of students not attempting question = 5

Students scoring 80% or better on multiple choice portion of
test:

Used concept maps = 11
Used paragraphs = 4

Students scoring between 45% and 55% on multiple choice
portion of test:

15
20

Used concept maps
Used paragraphs

Over one-half of the students identified as low—academic

achievers, on thi. test, chose to use the paragraph format to
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answer question 3A. This prnference for the paragraph format
suggests that low academic achievers prefer to use a more
familiar structure or approach to answer a question requiring
simple recall and explanation.

Students, identified as low-academic achievers, have
expressed experiencing difficulty wher they attempt to
memorize the concepts and the resulting map structure
presented in class as a means of explaining a topic. Students
who attempt to memorize concept maps to use at a latter date
as answers on test question may find this a perplexing task.

Only 5% of the students did not attempt to answer this
question. This increase in students attempting this question,
as compared tc previous test questions of this type, may be
attributed to the identification of specific concept
students to use within their answers.

The student maps presented in Table 20 vividly

differing levels of complexity and the varyi
detail which can be expressed by students using
mapping technique. The map constructed by s
includes numerous correct propositions organized in an
effective hierarchical fashion. The connection of adjacent
concepts, forming cross links, indicates this student has a
thorough understanding of this topic. The formation of cross
links, in this map, allows the student to convey understanding
of this topic in a succinct and direct manner which may not

have been possible using a paragraph format.
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The map constructed by student F25 suggests this student
has a 1limited understanding of this topic. This linear
concept map includes some of the most basic concepts,
established as propositions, associated with this topic. The
lack of branches in this map suggests this student did not
possess a well organized and detailed knowledge base on this
topic. This map was representative of concept maps

constructed by other low-achieving students.

Table 20. Examples of student concept maps used to answer
question #3 Part A.

Student B26 ~ Concept map constructed by high-achieving
student. Map rated as Good (9/10).
BZ.TTERIES
are made of
CELLS
ELECTRODES ELECTROLYTE
react chemically '
/N>~ |
made of made of
/ produce ,
ZINC ON ELECTRON FLOW CHEMICALS
\\ become is
NEGATIVE POSITIVE

direct current

Levels = 3 Propositions = 13 Cross links = __ 2
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Student F25 - Concept map constructed by 1low-achieving
student. Map rated as Attempted (5/10)

CELLS
/////// have a \\\\\
POSITIVE END l NEGATIVE END
and
|

CHEMICALS

there is a
|
CHEMICAL REACTION

that produces

|
ELECTRON FLOW

I
then you have
DIRECT CURRENT

2 Propositions = 6 Cross links = 0

Levels

The second part to question #3 again required the students
to use their knowledge and comprehension to explain what a
circuit is and what parts make up a circuit. As in the first
part of this question a dozen relevant concepts were
identified for students to use in their answer. The topic of
series and parallel circuits had been presented in class as
separate topics. Paragraph summaries and concept maps were
employed to explain series and parallel circuits and this
question represented the first instance when the students were
to integrate their understanding of circuits into a single

paragraph or concept map.



89

Table 21. Results to the Paragraph/Concept Map question #3
part B. (N = 94)

Question #3 — Part B. Explain what a circuit is and what parts
make up a circuit. (12 concepts were identified for use in
paragraph or concept map).

Number of students using: Concept Maps = 29 Paragraphs = 47
Average grade: Concept Maps = 6.0 Paragraphs = 5.0

Number of students not attempting question = 18

Students scoring 80% or better on multiple choice portion of
test:

8
5

Used concept maps =
Used paragraphs =
Students scoring betweer. 45% and 55% on multiple choice
portion of test:

12
23

Used concept maps
Used paragraphs

The results presented in Table 21 show that a significant
majority of students used the paragraph format to answer this
question. The majority of high-achieving students used a
concect map to express their knowledge of this topic. The
average grade assigned to the concept map answers was about
10% higher than the average grade assigned to the paragraph
answers. Perhaps of greatest significance was the
considerably larger number of low- achieving students, those
scoring 45% to 55% on the multiple choice questions, who
eﬁployed the paragraph format as opposed to the concept map.

One suggestion for this preference of the paragraph format,
by low-achieving students, is that these students had a

limited understanding of the topic. With only a superficial
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understanrding of this =upic the low-achieving students were
unable to identify 2lationships between the concepts
displayed in the question and resorted to using the familiar
paragraph format. As an extension it may be proposed that
concept mapping may prove a difficult strategy for students to
use if the students hzve only a cursory understanding of a
given science topic.

The concept maps and paragraph answers presented in Table
22 illustrate the variations which occur in paragraph answers
and concept map answers. ZCzncept maps tend to identify the
more general concepts and join related, more specific concepts
to these broader concepts in hierarchical manner. Related
concepts which pertain to a common issue are linked to form a
brancl: and concepts in adjacent branches may be linked to

identify broader asscciations.

Table 22. Examples of student concept maps and a paragraph
used to answer question #3 Part B.

Student B3 - Paragraph constructed by high-achieving student.
Paragraph rated as Satisfactory (8/10).

Janet would need to set up a parallel circuit between the
two loads (stereo and light). Don’t use a series circuit, the
ficst load might use up all the energy or both need to be on
to> work. Get a good conductor like copper to join the two
icads. Your source of energy could be a plug-in. To open or
close your circuit you could use a switch. To control the
amount of electricity to send to the bulb and stereo use a
variety of fuses. Set up a circuit breaker to keep your
system from blowing up.
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Student F7 - Concept map constructed by high- achieving student. Map
rated as Good (9/10).

ELECTRICITY

produced by
I
SOURCE
!
flows through

CIRCUITS
hy / can k\requlres
SWITCH PARALLEL SERIES CIRCUIT BREAKER
is/// on or off has / has control:amount
| N
CONTROL OPEN CLOSED ALTERNATE ONE PATH CURRENT
, \ PATH l
the current \ made of / use
i \ ]
LOADS FLOWS STOPS WIRE CONDUCTORS ———— FUSES/BREAKERS
have a limit
like \
STEREO LIGHT BULB
Levels = 3 Propositions = 20 Crogs links = ___ }

Student B15 - Concept map constructed by low-achieving mtudent . Map rated
as Satisfactory (7/10).

CIRCUITS
' \
,,//,//”’::::;>/have can be
] —
CIRCUIT BREAKER SOURCE CONTROL PARALLEL SERz:
i '
hare produfes isl has %
FUSES ELECTRICITY SWITCH MANY ?hTHS ONE PATH
| / N
can for can be are
i / N {
BURN OUT L?ADS OPEN CLOSED CONDUCTORS
like is
/
STEREO LIGHTS ON OFF

Levels = 2 Propositions = 20 Cross links = 0
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Paragraphs tend not to identify the most general concepts
first and relate more specific concepts back to the
encompassing ideas. Individual sentences isolate the concepts
and limit the opportunity to identify relationships between
concepts already discussed. The paragraph structure may act
to narrow the focus on specific detail rather than encourage
the identification of broader affiliations. The maps
constructed by students F7 and Bl15 illustrate considerable
variability in terms of the propositions formed and the
arrangement or organization of the propositions. Both maps
show an abundance of accurate information presented in a
manner which suggests considerable individuality. These maps
also suggest opportunity for expanding the students answex and
therefore personal understanding far beyond the oppeortunity
present in the paragraph format.

Question 4 was included on the Understanding Cheiiistry unit
exam and was the final question to examine the students
preference for using concept mapping or paragraph writing.
Part A examined the students knowledge and comprehension of
the concepts related to the topic of matter. Nine concepts
were identified for the students to incorporate in their
answer. These topics had been discussed separately with
students receiving summary notes on the topics of pure
substances and mixtures as well as reviewing prepared concept
maps.

The results presented in Table 23 reveal a distinct and
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substantial preference for the use of the concept mapping
strategy by both the high-achieving students and the low-
achieving students. The average grade assigned to the concept
map answers was also notably higher than the average grade for
the paragraph answers. This striking preference for the use
of the concept mapping strategy, by these students on this
specific question, may be due to various factors. One
possibility is that overtime students had developed greater
confidence in their ability to construct concept maps. It may
be suggested that concept mapping requires a variable period
of time for the individual to develop the necessary aptitude
and attitude to effectively use the mapping strategy.

The identification of the nine concepts may also have
served to enhance the students ability to construct concept
maps. These concepts had been identified in paragraph
summaries and concept maps constructed in class and therefore
served as aids which assisted the recall of additional
concepts. The relatively high average grades of both the
concept map answers and the paragraph answers suggest that
these students had a solid v .de: standing of this topic.
Table 23. Results to the Paragraph/Concept Map question #4
part A. (N = 96)

Question #4 - Part A. Explain what a Mixture and Pure Substance is and
give examples of each. (Nine concepts were provided).

Number of students using: Concept Maps
Average grade: Concept Maps

55 Paraqgraphs = 28
6.8 Paragraphs = 5.7

Number of students not attempting question = 13
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Students scoring 80% or better on multiple choice portion of test:

Used concept maps 5

Used paragraphs

N

Students scoring between 45% and 55% on multiple choice portion of test:

Used concept maps
Used paragraphs

28
12
The student concept maps presented in Table 24 demonstrate
how students of differing abilities crganize the same concepts
into considerably different end products. Student F12
establishes a clear hierarchical arrangement of concepts and
identifies relationships between concepts which are related.
Cross 1links identify relationships between concepts in
adjacent branches using simple and effective linking words.
This map suggests this student’s knowledge of this topic is
accurate and well organized.
Table 24. Examples of student concept maps used to answer
question #4 Part A.

Student F12 - Concept map drawn by high-achieving student. Concept map
rated as Good (10/10)
MATTER

/can be \

PURE SUBSTANCES MIXTURES

|
/////made of \ made of
|

ELEMENTS COMPOUNDS TWO OR MORE SUBSANCES
" form

made of mixed together

|
ATOMS — form —— MOLECULES DIFFERENT AMOUNTS

fixed amounts //
\\ have

DEFINITE we———  CHANGING
PROPERTIES

[}
/ like \
|
DENSITY STATE MELTING POINT

Levels = 4 Prcpositions = __ 17 Cross links = _ 2
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Student D23 - Concept map made by low-achieving student. Concept map
rated as Satisfactory (7/10)

 MATTER

/
made cf /// / can be has
—

ATOMS MOLECULES PURE SUBSTANCE MIXTURE PROPERTIES

.

ELEMENTS COMPOUNDS ONE PART AT LEAST TWO DENSITY STATE
PARTS

]
only have include \
|

Levels = __ 2 Propositions = 10 Cross links = 0

The map constructed by student D23 incorporates most of
the same concepts presented in the map by Student F12; however
the concepts are not arranged in a clear hierarchical order.
This map illustrates a common practice in which many concepts
are link to one general concept. These types of maps may be
viewed as typical of students who are not yet able to view the
toric with a broader perspective. The limited numbex of
propositions as well as the absence of cross links and
relatively short branch structure may indicate an attempt to
identify discrete facts. This student may find the concept
mapping strategy an effective and practical strategy to learn
the topic by incorporating it as a tool for rote learning.

The second part of question 4 required the students to
explain physical and chemical changes. This question required
students demonstrate their knowledge and comprehension of this
topic. This question represents a topic on which the students
received paragraph summary notes and constructed a concept

map. This question provided the opportunity to examine the
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effect of earlier mapping practice of the students on the
quality of answers and their answer format preference. This
question did not include a list of concepts to be included in
the answers.

The summary of data for Question 4B presented in Table 25
indicates the majority of students choose to use the paragray’
format as opposed to concept mappir 7. Twice as many higl
achieving students, on this question, chose to use the concept
mapping strategy rather than a paragraph. The average grade
assigned to the concept maps was noticeably higher than the
average for paragraph answers. Twice as many low-achieving
students used the paragraph answer as did those using concept

maps.

Table 25. Results to the Paragraph/Concept Map question #4
part B. (N = 96)

Question #4 — Part B. Explain what types of changes matter can
undergo and describe these changes including examples. (No
concepts were provided).

Number of students using: Concept Maps = 34 Paragraphs = 49
Average grade: Concept Maps = 6.5 Paragraphs = 5.7

Number of students not attempting question = 14

Students scoring 80% or better on multipl: choice portion of
tast:

Used concept maps = 12
Used paragraphs = 6

Students scoring between 45% and 55% on multiple choice
portion of test:

Used concept maps
Used paragraphs

Hu
[
o
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The large number of high-achieving students using the
concept mapping format suggests that this group of students
were not dependent on concepts being identified in the
question to assist them in constructing their concept map
answer. Those students identified as low-achieving students
were reluctant to use the mapping strategy without the list of
related concepts.

The classroom mapping exercise may also have had an effect
on this groups performance on this test question. High-
achieving students may demonstrate a greater degree of
transfer of learning from the classroom exercise to the test
situation. It is also possible that the high-achieving
students were able to remember, in greater detail, the
specific concepts and associations than were the low-achieving
students.

The concept map answers and paragraph answer displayed in
Table 26 illustrate the range of answers these students
produced for this question. The concept map drawn by Student
D28 possesses the characteristic features of effective maps.
Concepts are arranged hierarchically from general to specific,
numerous propositions are correctly established, branches
containing related concepts are clearly shown and cross links
identifying cross branch associations defined. This student
also completed a classroom mapping assignment, on a similar
topic, which is displayed in Table 11. We can saee mary

similarities in these two maps which indicates that concapt
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maps do serve as a methcd for learning, prove useful in
ascertaining what students know about a topic, and may be
retained in memory for extended periods of time.

The paragraph formulated by student Bl8 identifies the main

concepts presented during instruction. It provides and
adequate explanation of the basic concepts, including relevant
examples. As is common with paragraph answers, the concepts
tend to be identified and described in isolation often without
establishing clear associations to the more encompassing,
gener:s! concepts.
Withent students making effort to organize their understanding
of the topic prior to composing their explanation it is common
to have a concept identified and explained in one sentence
followed by a related concept delineated in a later sentence.
Each sentence is isolated and distinct and rarely is their
opportunity to establish those critical associations between
concepts which are encased within separate and distinct
sentences.

Table 26. Examples of student concept maps and a paragraph
used to answer gquestion #4 Part B.

Student B18 - Paragraph made by a low-achieving student.
Paragraph rated as Satisfactory (7/10).

There are two types of changes, chemical changes and
physical changes. Chemical changes is when the substance
undergoes a change where the product is a new substance and
different from the old substance. An example would be rusting
of the car. In a physical change the substance changes state
or form. An example would be when an ice cube melts into
liquid. The water can be changed back to the ice by freezing
it. Jack’s car rusted and cannot be changed back because rust
is a new substance because of the chemical change.
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Student D28 - Concept map made by high-achieving student. Map rated as
Good (9/10) .

MATTER CHANGES

can be \

PHYSICAL ~ CHEMICAL
\\\\\\\\\;Ei\ is not easlly
\ /
REVERSIBLE

exaﬂples examples

MELTING PAINTING DISSOLVING RUSTING BURNING
| same \\\\ new different
SAME SUBSTANCE PROPERTIES NEW SUBSTANCE
Levels = 3 Propositions = 13 Cross links = 2

Student F13 - Concept map made by high-achieving student. Map rated as
Satisfactory (7/10).

CHANGES
’///,f/’/’/’:;; be \\\\\\\\\
CHEMICAL PHYSICAL
produces proéuces
NEW SUBSTANCE, NEW PRGPERTIES SAME SUBSTANCE, SAME PROPERTIES
/ examples examples
RUSTING COOKING MELTING, DISSQALVING
\\Sifficultlto \\\\ can be/.
CHANGE BLCK CHANGED BACK

Levels = 3 Propositions = 12 Cross links = 0
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Concept Mapping Survey Results

After students completed the final test on the unit
Understanding Chemistry the Concept Mapping Survey was
administered. Students were informed that there were no right
or wrong answers rather the survey was an attempt to ascertain
their feelings about the effectiveness of the concept mapping
strategy.

The results of the survey are presented in Appendix 11 and a
selection of survey statements and student responses are
presented in Table 27.

The results of the student survey on concept mapping
provide insight into this particular group of students’
feelings towards this strategy. The majority of these
students indicated that they were able to make concept maps
and that a person does not have to be smart to be able to make
concept maps. A large majority of students expressed the
feeling that concept maps are difficult to make. These
students indicated that deciding on which concepts to use, as
the starting concept and in constructing the map, was a
demanding task. A ‘large number of the decided students
strongly supported the statement that they get confused when
they tried to make a concept map.

A majority of student responses supported the statement
that concept mapping encouraged them to think about the topic
and that mapping is a good way to find out what you don’t know

about a topic. Most students agreed that it was easier to



101
construct a concept map a second time. Over one-half of the
decided students felt that concept mappirg helped them learn
science.

A significant number of students indicated that they did
not like making coricept maps and that they would not make maps
if they were not required to. Approximately one-third of
these students agreed that concept maps do not include enough
information and that you have to think too much to make a
concept map. One half of the decided students felt that
concept maps take too much time to make and an even greater
majority felt that concept maps did not help them learn
science better. Less than one-half of the decided respondents
indicated that making concept maps did not help them remember
the mapped topic and they would not use a concept map to

explain a topic to another student.

Table 27. Concept Mapping survey. Students responses are
expressed as raw scores (N = 94).

SA = strongly agree; A = agree; U = undecided;
D = disagree; SD = strongly disagree.

SA A 0] D SD
I am able to make concept maps. 15 39 4 20 16
Concept maps are difficult to make. 26 40 10 17 1
I find it hard to decide on which 34 41 11 7 2
concepts to use in a concept map.
I don’t like making concept maps. 21 27 17 19 10
Making concept maps help me to 8 24 i9 30 13

remember the toric.
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SA A U D SD
I would not make concept maps in 22 33 18 17 14
class if I did not have to.
I like to be able to use concept 11 16 22 30 15
maps as answers on tests.
Choesing which concept to start 23 35 12 17 7
the map is usually hard to do.
I get confused when I try to make 23 18 18 24 2
a concept map.
A concept map gives me more uaseful 10 26 15 24 19
information than do notes.
You have to be smart to be able to 9 15 12 46 12
make concept maps.
I prefer to use sentences and 22 27 15 21 9

paragraphs to answer test questions.

When comparing concept mapping to note taking a greater
number of the decided students indicated a preference for note
taking and suggested that notes provided more useful
information than do concept maps. A majority of students
responded that they did not 1like to use concept maps as
answers on tests and that they preferred using sentences and
paragraphs to answer test questions. less than one-half of
the decided students felt that concept mapping helped them
learn on their own and that concept maps should be used in

other subjects.

Results to the Concept Mapping survey open-ended questions.
Two open-ended questions were included on the Concept

Mapping survey to allow students to voice any other feelings
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they had pertaining to the use of the concept mapping
strategy. Table 28 includes examples of responses, which
characterize the types or classes of responses, given by
students when asked to identify those aspects which they liked

about the concept mapping strategy.

Table 28. Student replies, representing response types, to

the open-ended question; What do you like akout making and
using concept maps?

They (maps) are quick to make and take less time than notes.

It’s easier to organize and learn the topic using concept
maps.

Maps are easy to read.

You can be artistic.

Sometimes you can work with your friends on the map.
I like using them but not making them.

Everything is right there.

I understand the topic more (when maps are used).
They are easier to use than a jumble of notes.

It is a good way to research your topic, to see what you already
know.

Making maps makes you read the information more carefully.
iMaking a map is kind of challenging like a puzzle.

It (maps) doesn’t have extra words to confuse you.

The student responses in Table 28 identify a wide range of
beneficial qualities associated with the concept mapping
strategy. Many of the statements focus on the value of the
organizational structure associated with mapping. Students
appreciate the succinct yet informative format of maps, the

opportunity for personal styling, and the challenge inherent
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in their creation.

The second open—ended gquestion on the Concept Mapping
survey asked the students to identify those aspects about
concept mapping which they did not like. Table 29 includes
selected responses which serve to portray the types of

responses given by students.

Table 29. Student replies, representing response types, to
the open-ended question; What don’t you like about making and
uging concept maps?

Some topics are hard to do as maps.

I get confused about which word goes where.

-

I usually need to make 2 copies in orxder to get all the ideas h
the right places.

You really have to think to make maps.

It’s hard to think of the right linking words for the map.
They (maps) take too much time.

Maps are not as clear as notes.

I don’t like having to make so many maps in class.

They (maps) don’t tell enough of the details.

The types of responses presented in Table 29 identify three
major areas of difficulty these students experienced when
using the mapping strategy.

A large number of responses centred on the difficulty in
identifying relevant concepts, the selection of linking words,
and the organization of the maps in general.

A second, commonly identified, cause of dislike was the
need for concentration, thinking, and considerable time in

order to complete a concept mip.
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The third reason, expressed by many students, was that
concept maps could not be used with all topics and that
concept maps may not include the required detail.

It may be suggested that with continued practice and
effort all students could develop proficiency in the making of
concept maps. This may require the students to develop a new
way of looking at topics of study; incorporating a perspective
which seeks out the broader relationships and associations
between the concepts which constitute the topic. This new
perspective would encourage students to move away from a
practice where individual details and isolated facts are the
focus of rote learning towards a more meaningful understanding
of the interrelationships of subjects.

The need to think in order to create useful and effective
maps is suggested, by some of these students, to be a negative
feature of concept mapping. Those students who have negative
feelings towards thinking identifies a more critical problem
and one more difficult to overcome. If students feel that
meaningful learning can come about by simple memorization and
rote learning of facts then the concept mapping strategy will
be viewed as a demanding task. Students perceptions of their
role in the learning process as well as how learning comes
about may prove the critical factor in determining the
students views on the value of this strategy.

The third and perhaps most authentic critique of the

concept mapping strategy identifies the difficulty in using
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the concept mapping strategy with all topics. This appraisal
may be especially wvalid when the strategy is used to
communicate creative solutions to a question requiring
abstract, higher-order-thinking skills. 1In these instances
the concept mapping strategy may seem restrictive or
demanding, to some users, as they attempt to use an unfamiliar
strategy with a complex thinking process.

Results of the student interviews.

The student interviews, which were conducted as part of the
main study, were held after all examinations and the Concept
Mapping survey had been completed. During class discussions,
prior to the interviews, the list of questions to be used
during the interviews were read to the stucdents and they were
asked to consider how they might answer them. Over the
following three days nine students were interviewed; these
students represented both high and low-achieving students of
both genders. An effort was made to select students who had
made an effort to learn the concept mapping strategy but were
not necessarily in favour of the strategy. The transcripts of
five interviews are provided in Appendix 12.

The common feeling, expressed by many of the students
interviewed, was that concept mapping requires time to learn
and that some topics are easier to map than others. Including
lists of main concepts, to be used in the map, facilitates the
mapping process. Dan, a low-achieving science students

comments that, "I'm getting better at them now, at first they
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seemed way too difficult and I couldn’t see why we had to do
them." Nick, a high-achieving science student, describes
conditions which increase the difficulty of mapping, "The
hardest maps are when you don’t have any information and you
just have to use what you know then it takes a long time."

Students, who expressed confidence in their mapping
ability, indicated that maps allowed them to express their
knowledge in a more individualized way. Sonja, a high-
achieving student, expresses what she 1likes about concept
mapping, "Maps don’t have to be done one way so you don’t have
to worry about it being exactly like the one you made in
class." Additional advantages associated with using concept
mapping, expressed during interviews, include; the ability to
present answers in a concise fashion; the opportunity to
easily add additional details to the map; and that mapping is
an alternative to traditional sentences and paragraphs.

Nick, a high-achieving science student, draws our attention
to a most practical advantage of mapping when he states, "If
you have to write out what you are going to say, before you
finish you forget some of the main ideas and you don’t write
them in your answer." This forgetting of details or jumbling
of relevant and irrelevant information, which many experience
during testing situations, may be alleviated by students
becoming effective concept mappers. Many students, who were
interviewed, voiced the feeling that constructing maps was

made easier when done with another student or as a class
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assignment.

The majority of students interviewed indicated that, to
varying degrees, they used concept maps as answers to test
questions. Most of these students felt that it was a good
idea to allow students to use concept maps if they wished.

Nick, a high-achieving science student describes how the
process of making a concept map helps to answer questions,
"Sometimes when I start the map I don’'t have all the main
ideas figured out but then I remember them as I make the map."
Those students who lacked confidence in their mapping ability
expressed a preference, during the interview, for the use of
paragraphs because of their familiarity and previous success.

Students indicated, during their interviews, that they had
trouble starting concept maps, picking out the main concepts,
deciding on effective 1linking words, choosing the proper
arrangement of concepts, and visualizing what the map should
look like. These obstacles to the mapping process represent
limitations within the 4individuals using the strategy as
opposed to restrictions inherent within the process. This
strategy requires students to make a genuine effort to extend
themselves beyond what is familiar and the practices with
which they have become comfortable.

While some students are not intimidated by change, Nick a
high—-achieving student explains why some students have
problems making concept maps, "I know students who don’'t

really try and they say they can’t do them [maps], they
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pretend it’s too hard so they don’t do them."

The findings from the main study indicate that a large
majority of these students were willing to attempt to complete
concept map assignr:ats. Generally one-third of students,
completing mapping assignments, constructed maps which were
rated as satisfactory or good. A considerable number of
students preferred to use concspt maps, as opposed to
paragraph answers, on certain types of test questions. A
majority of high-achieving students, as determined by scores
on the multiple choice questions of the test, consistently
used concept maps, more frequently than paragraphs, as answars
on test questions when the question included relevant concepts
to use. Approximately one-half of the low-achieving students
also chose to use concept m»»s, as opposed to paragraphs, as
answers on test questions when the question included relevant
concepts to use within the answer. A large majority of
students preferred to use paragraph answers for questions
which required higher-order-thinking strategies and when no
relevant concepts were provided in the question.

Students’ feelings and attitudes towards the use of concept
maps, as determined by surveys and interviews, are diverse and
complex. A majority of the decided students felt capable of
constructing concept maps and indicated that maps help them
learn and remember science topics. These students indicated
that they experienced some difficulty in making concept maps

and that they would not make concept maps in class if they
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were not reqgquired to. The majority of decided students
indicated that they preferred to use sentence and paragraphs
on test questions.

Student responses during interview sessions indicated
that concept mapping requires individual effort to develop
proficiency and that some students may not be willing to put
forth the necessary effort. High-achieving students suggested
a preference to use concept maps on assignments or test
questions which involved recall and appreciated the
opportunity, provided by the mapping strategy, to structure
their answers in a personal fashion. Low-achieving students
consistently indicated their preference to construct concept
maps as whole class activities or with student partners.
These students acknowledged experiencing difficulty
identifying and organizing concepts into an effective map
structure. Most students agreed they should be provided the
opportunity to use concept maps or paragraphs as answers on

test questioni,
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Chapter 5

Conclusions and Recommendations

The pilot study and the main study examined the use of
concept mapping by grade nine students in science class. The
objectives of the pilot study were to det :rmine whether grade
nine students could construct concept maps and whether the use
of concept mapping enhances meaningful learning as indicated
by academic achievement. The students’ attitudes about
concept mapping were determined and information was obtained

on the students’ perceptions of learning s:hool science.

Pilot Study Methodology

The pilot study employed a mixture of quantitative and
qualitative techniques to gain insight into the value of the
concept mapping strategy. The transferability of the findings
of this pilot study may be affectad -, the various factors
including: the limited number of students participating in the
study; the principle teacher also serving as the primary
researcher; and the effectiveness of the evaluation tools used
to determine the degree of academic achievement.

The variety of strategies employed allowed for a
considerable range of information to be collected. The
resulting diverse collections of data provided the opportunity
to authentically assess the impact of the concept mapping

strategy on student learning of science.
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Pilot Study Findings on Concept Mapping and Academic
Achievement
A major finding of the pilot study supports claims made by
researchers (Barei:holz and Tamir 1992; Bodolus 1986; Lehman,
Carter and Kahle 1985) that most students at the Grade 9 level
were able to construct concept maps on their own with little
or no guidance from the teacher. Though entire classes did
not show significant gains in achievement in this study, the
strategy did not appear to impede academic achievement.
Critical to the effectiveness of concept mapping 3:id the
promotion of meaningful learning is student commitment to the
learning and use of this strategy. The opportunity to act as
both researcher and teacher permitted me to make valuable
observations pertaining to the degree to which student
commitment to this strategy occurred. From these
observations, grounded in the study and supported by tacit
knowledge, many students who showed genuine effort to employ
concept mapping, enhanced their learning significantly.
Survey and interview findings, from this pilot study,
indicate that students’ attitudes toward concept mapping are,

as s <gastad by Barenholz and Tamir (1992), somewhat complex.

Ma *s find concept mapping a difficult task, which can
be { g, but also helpful in their learning science in
a mor ..ividual or personal way. The responses of low-

achieving students during interviews indicated a lack of

confidence in their ability to construct concept maps. These
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findings agree with those of Briscoe and LaMaster (1991) and
suggest that success in constructing concept maps is affected

by the students’ confidence in themselves as learners.

Main Stud:yy Methodology

The m °.. study attempted to determine whether concept
mapping was an effective, valued strategy for displaying
individual knowledge. This study was guided by proposals, put
fortu i the pilot study, that stude~ts would take advantage
of and den fit from the opportunity "~ use concept maps as
an %. .. evaluation questions. To e::amine whether students
would take advantage of the opportunity to use concept maps as
a strategy for displaying their understanding, a variety of
practices were employed.

The strategies used to promote student learning of concept
mapping were both effective and practical. Students’ feelings
about the methods used to teach mapping, based on in-class
discussion and personal interviews, were positive. Through
these activities, used to instruct the students in concept
mapping, the notion of learning as being idiosyncratic and
resulting from the association of new concepts to those
already established in the learner’s mental framework was
established.

The use of teacher prepared summaries, as support
materials for the construction of concept maps on a given

topic, was deemed functional and practical by students and
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teacher.

The evaluation of student concept maps, using the ratings
of Good, Satisfactory, and Attempted was a construv :tive
practice. If student commitment to learning and using concept
mapping determines the overall value of the heuristic, then
all attempts must be made to encourage student application of
the strategy. This form of evaluation avoided downgrading
student work by acknowledging students’ effort as worthy and
in most instances an improvable attempt. This practice
reinforced the notion that the value of concept mapping is not
only in terms of the product, the finished map, but also the
process. The actual grading of student concept maps, which
constituted practice assignments or assessment answers, did
not serve as a critical component in this study. The teacher-
researcher, acting as the principle evaluator of student work,
served to maintain consistency in areas of assessment.

The paragraph/concept map gquestions, employed to provide
students the opportunity to use their preferred strategy, were
considered valid by the principal teacher-researcher, as well
as by professional colleagues. Roth and Roychoudry (1993)
describe the concept map as a valuable evaluation tool to
examine the quality of student understanding. Each of the
questions served to examine the impact of diverse variables on
student preference for the paragraph or concept map. The
variation in question format examined student preference in

using paragraphs or concept maps under a number of different



115

conditions. The affects of providing concept clues, of using
question stems which had been presented directly in class
previously, of rejuiring higher-order-thinking processes
within the answers, and of presenting novel questions without
any form of support were examined within paragraph/concept map
question framework. The multitude of variables which impacted
on the students, involved in this study, were diverse and
could be managed only to a limited degree. The opportunity to
use concept maps, as answers to test questions, was considered
as valuable as it provides the student the opening to
establish new links between concepts, new connections between
ideas which they had not thought of before (Roth and

Roychoudry 1992) .

Main Study Findings on Concept Mapping and the Presentation of
Individual Understanding

The findings reéulting from this study suggest that
students do appreciate and will utilize the concept mapping
strategy to convey their understanding of a given topic, when
required to in an assessment of test situation. While there
were .0 consistent patterns established by the students
participating in this study some inferences can be made.

The majority of high-achieving students, as determined by
the multiple choice component of each test, used concept maps
to answer the test questions, on four of the seven pertinent

test questions. This implies that the majority of high-
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achieving students, in this study, preferred using concept
maps to display their understanding of a topic over the use of
paragraphs.

In only two instances, question 1 and 4A, did low-achieving
students, as determined by their grade on the multiple choice
section of the test, use concept maps more frequently than
par2graph answers.

A large majority of low and high-achieving students, as
determined in this study, chose to use concept mapping in
situations were relevant concepts were provided as part of the
question and students had previously constructed concept maps
related to the question. The results to question 4A indicate
that concept mapping was overwhelming preferred by all
students. This may indicate that concept mapping is an
effective strategy to assist students to remember or recall
and display their learning, when used during instruction.
Roth and Roychoudry (1992) state that their research indicates
that concept mapping is an effective strategy for the
structuring of knowledge which remains meaningful for longer
periods of time.

The preference by high-achieving students, for coucept
mapping rather than using paragraph answers, suggests that
these students are more capable of using this strategy and are
able to use it in diverse situations. The student interviews,
resulting from this study, tend to support the assumption that

high-achieving students find it easier to use concept mapping
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than do low-achieving students.

The opportunity offered by concept mapping, to present
information in a great variety of suitable formats is also
clearly supported by the findings of this study. The
relatively small sample of concept maps displayed above,
constructed by participating students, explicitly provides
evidence that this strategy allows for considerable uniqueness
in terms of answer format. The value of not having to present
one’s knowledge in a rigid, predetermined way is valued by
many of the students who participated in this study. This
preference for a more individual approach to displaying
meaning also requires a flexibility in the approach to
assessment.

The suggestion that students feel stress due to test or
evaluation situations is clearly supported by survey results
and student interviews conducted during this study. If the
use of concept mapping does allow for more individual
approaches to be used in assessment concept then mapping may
be considered an effective and practical mechanism to reduce
student stress.

Students’ responses to the Concept Mapping survey
questions, as well as statements made during interviews,
indicate that students feel a need to be actively inveolved in
their learning and are capable of learning independently.
Concept mapping, by its very nature, requires that students

identify their personal understanding of a topic and attempt
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to reconcile or build associations with new concepts. This
implies concept mapping requires the individual to reassess
their understanding and belief in the creation of knowledge.

The traditional approach of presenting learning as a
passive and extraneous process does not fit with the concept
mapping heuristic. This requirement to rethink ones personal
understanding of epistemological processes may promote the
paradigm shift which reposition the individual at centre stage
in the life-long process of learning. The practice of concept
mapping draws attention to learning as a dialectical process

and knowledge as dynamic and not a rigid product.

Recommendations and Personal Reflections

This study has provided additional information on the
usefulness of concept mapping as a heuristic which facilitates
classroom teaching and learning. The findings of the pilot
study and the main study contribute to the ever increasing
body or research data examining the role of concept mapping in
promoting meaningful learning. The voluntary use of concept
mapping, by numerous students participating in this study,
suggests that this strategy may serve as a valuable tool for
the structuring and expression of personal knowledge. Concept
mapping enhances the opportunity, afforded to each individual,
to express their knowledge in unique and diverse forms. The
teaching and use of this s*rategy supports the constructivist

view of learning as an active process in which prior knowledge
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and personal experience are essential components of the
process.

To extend our understanding of the role of concept mapping
in enhancing learning the identification of factors which
promote the use of this strategy would be of value. The
examination of methods which assist students in selecting
linking words and arranging concepts to form useful maps would
prove useful. To date the relationship between students’
academic ability and their ability or preference to construct
concept maps is unclear and warrants further study.
Longitudinal studies to examine the type and extent of use of
the concept mapping strategy, by students familiar with the
strategy, would provide worthwhile data. The role individual
learning styles play in the learning and use of concept
mapping is of great importance and requires examination.

The premise that students feel restricted and alienated
by the common practices employed in today’s schools is
supported by student commentary presented within this study as
well as in the research literature. We see a broad-based
movement, of practising teachers, researchers and educational
policy makers, which claims there is a need to restructure all
facets of our present day education system. This movement
draws our attention to the reality of today’s schools as being
grounded in old ways and perceptions of student learning and
methods of assessment.

Novak brings perspective to the potential crisis which
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education may currently be promoting when he states, "By

grades four or five, most students have learned to accept rote

learning and prefer it over other learning methods", (1991
pAS5). Hope is extended to us within teaching and learning
strategies which facilitate meaningful 1learning. The

potential for our students to experience success is directly
entrenched in the choices we, as educators, make pertaining to
our support of student learning. If we do not provide our
students with strategies and practices which promote them to
be active and effective thinkers then we will experience
crisis conditions in education. If learning is presented as
a process which is rigid, passive, and unaffected by what each
person brings to the learning process then rote learning will
predominate. If learning is presented as on—-going, cumulative
and personal then meaningful learning can flourish in our
classrooms.

Though no definite statements can yet be made about the
overall effectiveness of concept mapping in enhancing
meaningful 1learning of science by students, it looks
promising. This study has provided a glimpse into the
incredibly diverse opportunities and potential residing within
a strategy that supports learning as a unique and evolving
process. Concept mapping holds out the possibility of a
strategy that can empower all students to experience

meaningful self-directed learning.
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Appendix 1 - Concept Map marking scheme as used in the piiot

study.

Main Mapping Elements

Proposition
Hierarchical Level

Cross Link

Mark Value

1/Correct Proposition
1/Level

1/Cross Link
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Appendix 2 -~ Topic summaries for the unit Chemical Properties
and Changes.

Summaries were provided to Treatment and Control Classes.
Control classes copied summaries as notes. Treatment classes
received copies of the summaries and were required to
construct concept maps which incorporated the key concepts
contained in the summaries and any others they wished into the
map.

Topic One: Chemicals

We use many different chemicals every day. A chemical is any
substance used or produced in a chemical process. Some
chemicals are naturally occurring and others are man-made.
All chemicals are forms of matter and can be classified as a

mechanical mixture, solution, or pure substance. Pure
substances can be either elements or compounds. Elements are
chemicals made from only one type of atom. Compounds are

chemicals made from two or more elements chemically combined.
The smallest particle of a substance which has all the
properties of the substance is the atom. The smallest
particle of a compound is a molecule. Elements and compounds
can be identified by their properties such as state, colour,
boiling point, melting point, density, and behaviour.

Topic Two: Pure Substances/Atomic Theory

The Atomic Theory states that all matter is made of tiny
particles called atoms. There are approximately 90 different
types of naturally occurring atoms called elements. Man has
produced an additional ]34 or so elements using specialized
equipment. Atoms are riade from subatomic particles called
protons, neutrons and electrons. The proton is a positively
charged particle found in the nucleus, the neutron is a
neutral particle found in the nucleus, and the electron is a
negative particle which orbits the nucleus in regions called
"clouds". Each type of atom or element has different numbers
of protons, neutrons and electrons. The various arrangements
of the electrons in their "clouds" or orbits cause the
different properties of elements and compounds. In every atom
in it’s natural state the number of positive protons equals
the number of negative electrons so the atom is neutral.

Topic Three: Changes

Matter can undergo a variety of changes. The freezing of
water, the melting of ice, the dissolving of sugar in water
are examples of PHYSICAL CHANGES. 1In these types of changes
no new substance is produced. In CHEMICAL CHANGES one or more
new substances are formed. These new substances have
properties which are different from the starting materials.
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There are several clues which indicate that a chemical change
has occurred: the substance changes colour; heat or light is
given off; bubbles of gas are formed; a solid material
(precipitate) forms in a liquid; the change is difficult to
reverse.

Topic Four: Chemical Reactions

Most substances can be identified on the basis of their
properties. Substances which have similar appearances can be
distinguished by their behaviour. Chemical tests are
distinctive chemical reactions that allow for the
identification of substances.

CHEMICAL TESTS

Oxygen is a clear colourless gas which promotes combustion.
If a glowing splint is introduced into a container of oxygen
it will burst into flames. This property of oxygen can be
used to identify this gas.

Hydrogen is a clear colourless gas which burns explosively.
If a flame is introduced into a container containing hydrogen
a loud "pop" (mini explosion) occurs. This property of
hydrogen can be used to identify this gas.

Carbon dioxide is a clear colourless gas which does not burn.
Carbon dioxide will extinguish a flame and cause limewater
(calcium hydroxide solution) to turn a milky colour (white
solid precipitate forms). These properties of carbon dioxide
can be used to identify this gas.

Water is a clear colourless 1liquid which can be easily
identified by using cobalt chloride paper. When dry the
cobalt chloride paper is blue and it turns pink when it
contacts water.

Topic Five: Acids and Bases

Acids and Bases are groups of compounds that have several
properties in common. Acids taste sour, are soluble in water,
and undergo similar chemical reactions. Bases taste bitter,
are soluble in water, feel slippery, and react with acids.
Substances that are neither acidic or basic are said to be
neutral. Common acidic substances include lemon Jjuice,
vinegar, tomatoes and rain water. Common basic substances
include baking powder, ammonia, and many cleaners. An
Indicator substance is used to determine whether a substance
is an acid or base. Litmus is a common indicator produced
from lichens and is a different colour in acids than in bases.
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Topic Six: Controlling Chemical Reactions

The speed at which a chemical reaction occurs is called the
REACTION RATE. A variety of factors affect the reaction rate.
TEMPERATURE affects the rate of all reactions. Increasing the
temperature often speeds up the reaction. Increasing the
SURFACE AREA of the solids involved in a reaction will
generally speed up the reaction. Increasing the CONCENTRATION
of a solution involved in a reaction will generally increase
the reaction rate. Dilute solutions will generally cause
reactions to occur more slowly than concentrated solutions.
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Appendix 3 — Teacher prepared concept maps used in evaluatxng
student prepared concept maps constructed as assignments,

using the Topic paragraph summaries for the unit Understanding
Chemistry

Summary Map #1 - Topic: Chemicals

CHEMICALS
Used/Produced ‘\\\fre‘\\\\\\\\
CHEEMICAL PROCESSES / NATURAL MAN MADE
/ Can Be
\.
PURE SUBSTANCES SOLUTIONS MECHANICAL MIXTURES
//////Elther \\\
ELEMENTS ————— COMPOUNDS
| Combine Chemically
Smallest Smallest
Particle Particle
ATOM MOLECULE
Form

Propositions = 12 Levels = 3 Cross Links = 0
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Summary Map #2 - Topic: Atomic Theory
ATOMIC THEORY

Describes

MATTER

’ Made from

ATOMS
Can be ///,//”’/// \\\\\\ Can be
NATURALLY OCCURRING ARTIFICIAL (MAN MADE)
Approx. l ;;prox.
20 ™~ 13
Contain

|

SUBATOMIC PARTICLES

AN
///' Including
AN

PROTON NEUTRON ELECTRON

Has Has \\\\ Has
POS. CHARGE NO CHARGE NEG. CHARGE
| (NEUTRAL)

Nuber affects

Found in Found in
\“/
NUCLEUS CLOUDS (SHELLS)
PROPERTIES
When

PROTONS = ELECTRONS

Propositions = 15 Levels = 3 Cross Links = 0
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Summary Map #3 - Topic: Changes

MATTER

Undergoes

CHANGES

REVERSIBLE DIFFICULT TO REVERSE
Like / Like
PHYSICAL CHEMICAL

| PR
////;nclude;\\\\\\ Signs include
|

FREEZING MELTING DISSOLVING / / Voo
COLOUR HEAT GAS PRECIP.
CHANGE OR BUBBLES

LIGHT |
Indicates Indicates
] |
NO NEW SUBSTANCE NEW SUBSTANCE

Propositions = 14 Levels = 3 Cross Links = 0
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Summary Map #4 - Topic: Chemical Tests

CHEMICAL TESTS
|
Use Behaviour to
IDENTIFY SIMILAR SUBSTANCES

Example

CLEAR, COLOURLESS GAS/VAPOUR

Relites,//////////gurns Extinguish Forms Cobalt

Glowing Explosively Flame Precip. chloride
Splint (Limewater) (colour
change)
I
OXYGEN HYDROGEN CARBON DIOXIDE WATER
TEST TEST TESTS TEST

Propositions = 7 Levels = 2 Cross Links = 0
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Summary Map #5 - Topic: Reaction Rates
REACTION RATES
, Speed of

CHEMICAL REARCTIONS

\\\
Affected by \\\\\\

TEMPERATURE SURFACE AREA CONCENTRATION
/
Increasing Decreasing
/
REACTION SPEEDS UP REACTION SLOWS DOWN

Propositions = 10 Levels = 2 Cross Links = 0
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Summary Map #6 - Topic: Acids and Bases

COMPOUNDS
~N
/ May be
ACIDS NEUTRAL BASES
/ Detected using
\ Undergo i
LITMUS
CHEMICAL REACTION
Shows
\ COLOUR CHANGE
||
Properties \ Properties
\ \ N\
SOUR SIMILAR WATER BITTER SLIPPERY
TASTE REACTIONS SOLUBLE TASTE FEEL

\

Exa/mPles \\\\ / E/xample\s

LEMON VINEGAR TOMATOES RAIN BAKING AMMONIA CLEANERS
JUICE WATER SODA

Propositions = 20 Levels = 3 Cross links = 1
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Appendix 4 - Student/Teacher interviews conducted during the
pilot study.

The following transcriptions were made from student interviaws
conducted between the student and teacher. The studants
selected for the interviews had completed at least 3 of the 6
assigned concept maps. An effort was made to interview
students, of both genders, identified as high-achievers and
low-achievers in science. All students were encouraged to
express their feelings openly and it was emphasized that their
responses would be used only as information for the study and
not affect them in any other way.

Rhonda (Student 102, high-achieving science student)

Teacher: Thank you for accepting to be interviewed, I’'d like
to ask you a few questions about concept mapping. Are you
able to make concept maps?

Rhonda: I found concept mapping hard to do at first because
I wasn’t sure what was expected, what you (teacher) wanted.
I wasn’t used to putting the ideas down like that but after
awhile I got the hang of it.

Teacher: Do you think making concept maps helps you to learn
science?

Rhonda: Yes I think so because it helps you get the main
ideas figured out on paper. You can see the things you need
to know and how they can fit together. When you’re not sure
of something you can’t see how it fits and you know that you
should check it.

Teacher: What do you find to be the hardest part of making a
concept map?

Rhonda: Usually it’s at the beginning to get the map started
and to pick the words to start off. You can’t see where
you’'re going, what the maps going to look like so you’re not
sure how to put the words together. When you have the key
words given to you, like on some assignments we do, it’s
easier to see how to join the words.

Teacher: What do you think are some good points or benefits
of making concept maps? Do you like some things about concept
mapping?

Rhonda: I like the way maps let you use your own way of
putting down the ideas. I think it’s better when you dou’'t
have only one way of giving an answer to a question, like with
maps you can say what you know about the topic easier.
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Teacher: Do you think concept mapping is a good thing to
teach students how to do? Is concept mapping a good thing to
teach in school?

Rhonda: Yes I do because some people find it easy, especially
when the main words are given to you. I think they’re better
than always doing the same thing like taking notes.

Dean (Student 209, high-achieving science student)

Teacher: Thank you for accepting to be interviewed, I’d like
to ask you a few questions about concept mapping. Are you
able to make concept maps?

Dean: Yes I can make maps, on most topics anyway, sometimes
they are easier to make and other times they are harder
because there are more words to fit in.

Teacher: Do you think making concept maps helps you to learn
science?

Dean: I guess so because your using the main ideas and
joining them so they make sense so that way your learning
about how they fit together.

Teacher: What do you find to be the hardest part of making a
concept map?

Dean: For me the hardest part is to make sure I get all the
main words in the right places otherwise it’s hard to go back
and fit them in. At the beginning I look at all the main
words first and get an idea of how they can fit and then start
writing them down and joining them.

Teacher: What do you think are some good points or benefits
of making concept maps? Do you like some things about concept
mapping?

Dean: Once you can make maps and you know the main points the
information seems to fit together and make sense. Maps let
you put down your ideas more easily than if you have to write
it all out. I know the stuff and I have the ideas in my head
but mapping helps me organize it.

Teacher: Do you think concept mapping is a good thing to
teach students how to do? 1Is concept mapping a good thing to
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teach in school?

Dean: I think concept mapping is good for some things like
reviewing or rmiaybe studying for a test. Some people like maps
and probably others don’t. Maps can be easy when you know the
topic but if you don’t understand the topic then maps are hard
to do.

Becky (Student 122, high-achieving science student)

Teacher: Thank you for accepting to be interviewed, I'd like
to ask you a few questions about concept mapping. Are you
able to make concept maps?

Becky: I can make maps in class when we do them together but
when I have to do them on my own they are harder to do and
take a long time.

Teacher: Do you think making concept maps helps you to learn
science?

Becky: I'm not really sure because sometimes they don’t seem
to work out and I have to do them again. When we do them in
class they make sense to me and I think they help me learn
then.

Teacher: What do you find to be the hardest part of making a
concept map?

Becky: Maps are hard when you have lots of main words to use
and your not sure where to start. When you have too many
ideas to join then it’s confusing and it’s easy to make a
mistake.

Teacher: What do you think are some good points or benefits
of making concept maps? Do you like socme things about concept
mapping?

Becky: I like the maps when everything fits together, when
the main ideas fit at the top and the othar words join to make
the map. Maps look neat when everything works and they can
give lots of information.

Teacher: Do you think concept mappimng is a good thing to
teach students how to do? 1Is concapt mapping a2 good thing to
teach in school?
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Becky: Some people are good at making maps so for them it’s
good to teach them how but if you have problems with maps you
shouldn’t have to do them if you don’t want to. Maps are good
for some things and maybe not as good for others.

Brian (Student 114, low-achieving science student)

Teacher: Thank you for accepting to be interviewed, I'd like
to ask you a few questions about concept mapping. Are you
able to make concept maps?

Brian: If I have to I can make maps but I don’t like mapping.
Maps take too much time and when you don’t put the words in
the right place it’s wrong and you have to do it again.

Teacher: Do you think making concept maps helps you to learn
science?

Brian: Maybe if you use them long enough and know how to do
them. I think I learn by 1listening in c¢lass and doing
questions and other stuff.

Teacher: What do you find to be the hardes »~rar’ of making a
concept map?

Brian: When you have to make a map you have to figure out
what the words are and put them together. Sometimes I can’t
see how to put the words together, I get confused and I feel
frustrated when I can’t do the map the right way.

Teacher: What do you think are some good points or benefits
of making concept maps? Do you like some things about concept
mapping?

Brian: I like maps when we do them in class or with a
partner, then they’'re fun and they work out better. If you
can do them when you want to and with other people then I
think they’d be better.

Teacher: Do you think concept mapping is a good thing to
teach students how to do? 1Is concept mapping a good thing to
teach in school?

Brian: 1It’s good for those people who can do them and like
doing them but you shouldn’t have to do them if you don’t want
to. Maps are harder to do than notes and notes give you more
of the information you need.
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Nola (Student 218, low-achieving science student)

Teacher: Thank you for accepiing to be interviewed, I’'d like
to ask you a few questions about concept mapping. Are you
able to make concept maps?

Nola: At the beginning I had a lot of problems with maps but
now they’'re a little easier to make. Sometimes I need a
little help but usually I can do them now.

Teacher: Do you think making concept maps helps you to learn
science?

Nola: I'm not sure exactly because I have trouble with
science but when we do them in class they help me to
understand but when I do them on my own it’s not that clear to
me.

Teacher: What do you find to be the hardest part of making a
concept map?

Nola: Mostly trying to put the words down and then join them
up to make sense. When we get the list of the main words to
use then that helps a lot. I get stuck sometimes and I'm not
sure where to go next, I sort of guess ’‘cause I'm not sure
which way the map should go.

Teacher: What do you think are some good points or benefits
of making concept maps? Do you like some things about concept
mapping?

Nola: Maps are different because they don’t usually take a
lot of writing so you can put down the information quicker.
If I do them with someone else then it helps me to understand
more about the stuff were taking.

Teacher: Do you think concept mapping is a good thing to
teach students how to do? 1Is concept mapping a good thing to
teach in school?

Nola: I do think it’s good to teach because some people like
to do maps instead of notes and sometimes on tests they’re
easier to use than to write out lots of information. If
someone likes to use them then they should be able to because
they do show the information when they’re done right.
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Appendix 5 - Guidelines for constructing concept maps and
paragraph summaries.

Students were introduced to definitions of terms used in
concept mapping: concepts, propositions, hierarchy,
relationships, cross-links, and general-to-specific examples.
They were presented with the following guidelines for making
concept maps.

Guidelizes for concept mapping

1. Arrange the concepts in a hierarchical manner, beginning
with the most general, abstract concept, and proceeding to the
most specific, concrete one.

2. Place the most general, abstract concept{s) at the top of
the map.

3. Group more specific concepts under the related more
general concepts. Concepts of approximately the same
generality should be placed on the same hierarchical level.

4. Link related concepts by means of connecting lines, these
lines may be vertically or horizontally (cross-link).

5. Label the lines to form propositions, using words or
phrases to show relationship between the two concepts.

Students were shown how summary paragraphs can be used to
describe a topic or theme by identifying the related concepts
and explaining the relationships between the concepts.
Examples of summary paragraphs were used to illustrate the
technique and the guidelines explained.

Guidelines for constructing paragraph summaries.

l. Identify the main theme or general concepts to be covered
in the paragraph using a topic sentence.

2. Select appropriate supporting ideas or related concepts
which explain or describe the main theme.

3. Group these supporting ideas or concepts and explain how
they relate to the main theme. Use descriptive sentences to
clearly explain the existing relationships.

4. Where possible include specific examples which illustrate
the general concepts and the main theme.
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Appendix 6 — Guidelines for rating ccncept maps as G (good),
S (satisfactory), or A (attempted).

Propositional Relationships:

One point for each correct relationship between two
concepts provided.

Hierarchy/Levels:

One point for at least one correct relationship per
level.

Cross Links:

Cross links show a relationship between concepts on one branch
of the hierarchy with concept on another branch. A rating of
one point is given for each cross link showing the integration
among concepts.

Maps rated as Good would have earned a score of 9 or 10 out of
a maximum of 10. In order to receive this rating the maps
would be required to all of the main concepts identified in
the concept list or paragraph summary as correct propositions.
The concepts should be arranged into at least three distinct
levels, two or more branches and at least one cross link
should be established in the concept map.

Maps rated as Satisfactory would have earned a score of 7 or
8 out of a maximum of 10. 1In order to receive this rating the
maps would be required to use the majority of the main
concepts identified in the concept list or paragraph summary
as correct propositions. The concepts should be arranged into
at least three distinct levels, and two or more branches.

Maps rated as Attempted would have earned a score of 5 or 6
out of a maximum of 10. 1In order to receive this rating the
maps would be required to use the majority of the main
concepts identified in the concept list or paragraph summary
as correct propositions. The concepts should be arranged into
at least two distinct levels, and two or more branches.
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Appendix 7 - Student Attitudes about Science and Learning
Science Survey. The results in each category are expressed as
a percentage of the total (N = 96).

KEY: SA = strongly agree D = disagree
A = agree SDh = strongly disagree
U = undecided
1. You have toc be smart to understand SA A U D sD
the work in science class. 9 28 14 36 13
2. Science is an enjoyable school SA A U D SD
swbiject. 4 16 38 27 158

3. 2ll students can learn science if the SA A U D €D
subject is taught properly 32 46 9 9 4

4. I feel comfortable in science class. SA A U D SD
8 37 27 17 11

5. Science is a difficult subject to SA° A U D §sD
learn. 23 37 20 14 6

6. I learn the most about science by SA° A U D SD
listening to my teacher’s 6 31 24 26 13
explanations.

7. A person has to have a good SA° A U D Sb
memory in order to do well in 12 37 17 27 7
science.

8. There are too many definitions to SA° A U D sb
remember in science class. 19 41 17 20 3

9. The information presented in SA° A U D SD
science class is easy to understand. 4 22 25 40 9

10. Reading over my class notes helps SA. A U D 8D
me to understand the material in 6 44 23 20 7
science class.

11. Science is boring. SA A U D SD

34 21 24 17 4

12. When I study for a science test I SA A U D 8D
usually do quite well. 6 15 27 36 16

13. I often get confused when I try SA A U D 8D

and study for a science test. 15 43 20 16 6



14.

15.

le.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

I feel a lot of stress and pressure
when I study for a science test.

Reading my textbook helps me to
understand the material covered
in science class.

I often use the information I learn
in science class in my everyday
activities.

I don’'t know how I learn things in
science class.

I learn the most in science class
when I do experiments or other
hands-on activities.

Science tests are hard because the

questions usually have only one right

ansver.

Copying notes about science topics
helps me understand the topics.

Diagrams and pictures help me to
understand science topics.

I find it difficult to know what
information is important in science
class.

It helps me to learn science when
another student explains the topic.

Science readings are difficult to
understand.

The topics covered in science help

me to understand the world around me.

My science teacher should tell me
the important science facts in
class.

I am able to learn science on my
own,

I often try to use my own words
when answering questions on science
tests.

SA
15

SA
11

SA
30

SA
24

SA
12

SA
19

SA
10

SA
15

SA
21

SA

SA
17

A U D
43 21 20
A U D
55 21 12
A U D
12 35 35
A U D
16 39 31
A U D
42 10 12
A U D
24 21 22
A U D
24 26 28
A U D
58 19 9
A U D
44 22 13
A U D
31 34 16
A U D
27 43 16
A U D
43 25 12
A U D
36 33 7
A U D
19 29 33
A U D
47 23 11

SD
15

SD

SD

SD
12

SD

SD

SD

SD
13

sD
2
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Appendix 8 - Individual Pre- and Posttest raw scores, for
Treatment Group (classes 1 and 2) and Corirol Group (classes

3 and 4). Maximum score

Treatment Class 1

Student Number

101
102
103
102
165
106
107
108
109
110
111
112
113
114
1315
118
119
120
121
122

Standard Deviation
Mean
Mean Change

Median

Change (%)

Pretest Posttest

16 18
22 26
18 26

6 10

5 7

13 27
15 15

7 9

18 19

9 ié

6 15

9 10
13 26

9 11

7 9

5 10

6 12

7 16

6 8

17 25
5.02 6.44
10.82 15.73
4.91

9 15

5.7
11.4
22.9
11.4
5.7
40

0
5.7
2.9
20
25.7
2.9
37.1
5.7
5.7
14.3
17.1
25.7
5.7
22.9

0.11

14.03
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Treatment Class 2

Student Number Pretest Posttest Change (%)
201 7 16 25.7
202 19 20 2.9
203 10 20 28.6
204 13 13 0
205 8 20 34.9
206 8 10 5.7
207 4 14 28.6
208 15 21 17.1
209 16 26 28.6
210 12 11 ~2.9
211 9 9 0
212 9 8 -2.9
213 19 24 14.3
214 8 12 11.4
215 11 9 -5.7
216 7 11 11.4
217 18 21 8.6
218 8 11 8.7
219 10 11 2.9
220 10 8 -5.7
221 14 13 ~-2.9
222 15 20 14.3
Standard Deviation 4.12 5.44 0.12
Mean 11.4 14.9 10.1
Mean Change 3.55

Median 10 13



Control Class 1

Student Number

301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

Standard Deviation
Mean
Mean Change

Median

Pretest

8
6
4
10
16
4
9
13
4
10
9
13
S

3.27
8

F-3
F-3

Posttest

6

13
15
10
23
6

11
15
21
i€
16
16
10
3

19
12
13
12
21
18
9

8

11
9

5.03
13.0

12.5

148

Change (%)

-6.1
21.2
33.3

0.13
13.26



Control Class 2

Student Number

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

Standard Deviation
Mean
Mean Change

Median

¢rotest

21

14
16
14
10
17
12
19
13

10
13
11
14
13
14

11
14

4.2
11.6
3.6
12

Posttest

10
26
12
18
15
22
19
15
10
24
22
4

18
10
14
15
17
20
16
18
12
10
~

10
14

5.3

15.2

15

149

0.12

10.17
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Appendix 9 - Paragraph summaries used, in conjunction with
other ‘nformation, in concept mapping assignments.

Paragraph summary on the topic Temperature.

All molecules have kinetic energy caused by their motion.
The average speed of the molecules in a piece of matter
determines its temperature. The faster the average speed of
the molecules in a piece of matter, the higher the
temperature. The slower the average speed of the molecules in
a piece of matter, the lower the temperature. Hot water
molecules have a faster average speed than cold water
molecules.

Paragraph summary on the topic Current Electricity.

Everything is made from tiny particles called atoms. The
centre of an atom is called the nucleus which is surrounded by

electrons. In good electrical conductors, like metals, the
outer electrons are free to move. When a conductor is
connected to a power supply, these electrons are driven in one
direction. The movement of electrons around a circuit is
calla?l an electric current. Power supplied by a battery
pusliz: the electrons in one direction only. This is direct
current. Electricity generation in a power station flows

first one way then the other through the conductor. This is
called alternating current.

Paragraph summary on the topic Matter - Types of Changes

Matter can undergo a variety of changes. The freezing of
water, the melting of ice, the dissolving of sugar in water
are examples of Physical Changes. 1In these types of changes
no new substance is produced. In Chemical Changes one or more
new substances are formed. These new substances have
properties which are different from the starting materials.
There are several clues which indicate that a chemical change
has occurred: the substance changes colour; heat or light is
given off; bubbles of gas are formed; a solid material
(precipitate) forms in a liquid; the change is difficult to
reverse.
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Appendix 10 — Teacher prepared concept maps used in evaluating

students’ maps completed in response to Paragraph/Concept Map
questions.

Qug: - .~ 1 -~ @athods c¢f Heat Transfer

HEAT TRANSFER

/includes
// \
CONDUCTION CONVECTION RADIATION
requisag ’ occurs without
—
PARTICLES
{
due to
|
DIRECT COLLISIONS CHANGE Iﬁ LOCATION WAVE-LIKE FORMS
movement is via

CONDUCTIVE MATERIAL CONVECTION CURRENTS VACUUM OR AIR

maybe \ like at ia \
GOOD POOR OCEAN THERMALS LIGHT STRAIGHT
| CURRENT SPEED LINES
’ examples
|

METALS WOOD
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QUESTION 2a - Insulating Container

INSULATINF CONTAINER

made from

|
LAYERS
/////’/////which ;::;\\\\\\\\\

OUTER CASE

INNER CONTAINER

I \ separated by /

provides

I
PROTECTION

made from/\zas

PLASTIC/METAL LID/CAP

\ reduces /

CONDUCTION

EMPTY SPACE/VACUUM
I

prevents
!
CONDUCTION

provides
STORAGE CAPACITY
|

material should be
i
POOR CONDUCTOR

like /

GLASS/PLASTIC  REFLECTIVE
COVERING

!
reduces heat loss

with

CONDUCTION RADIATION
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Question 2b - Static Electricity

STATIC ELFCTRICITY

is build up ?f’////’//, \\\\\\\ may produse

ELECTRIC CHARGE ELECTRIC DISCiiARGE
7~ ~ i
///reduce by // \\\\ may bs\ l examp%ea
GROUNDING ANTISTATIC POSITIVE NEGATIVE LIGHTNING SHOCKS
MATERIAL I
due to

caused by
|

ELECTRON NUMBER CHARGED S. :FACES/
/ OBJECTS
zhortage \surplus opposite charges
/
POSITIVE ——— NEGATIVE ATTRACTION
and show
like like results in
|
JENNY /§TEREO ELECTRON FLOW
|
are oppositely charged produces
/ }

DISCHARGE NEUTRAL OBJECT
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Question 3a - Battery and dry cells.

BATTERY

MCV \produces
CELLS DIRECT CURRENT
contain due to

ELECTROLYTE ELECTRODES CHEMICAL REACTION
, when circuit closed
is are causing
CHEMICAL PASTE POSJTIVE NEGATIVE ELECTRON FLOW
releases like ' is
ELECTRONS CARBéN ZINC NEGATIVE TO POSITIVE

Question 3b - Circuits

CIRCUITS ~_
where can be /// \\\ maybe
/ ~
CURRENT PARALLEL SERIES OPEN CLOSED
I ~
flows through use by
1 /
CONDUCTORS SWITCH
from along \\\\\‘\\\\\\is
SOURCE 2 OR MORE PATHS ONE PATH CONTROL
/
to directs current to
/

LOADS

=N

LIGHTS STEREO
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Question 4a - Matter

MATTER
/////’//;;clude;\\\\\\\\\
PURE SUBSTANCES MIXTURES
/ are \ are
ELEMENTS COMPOUNDS COMBINATIONS
have definite
variable
made of // made of
PROPERTIES
ATOMS MOLECULES ATOMS AND MOLECULES
combine forming like

DENSITY STATE MELTING POINT

Question 4b - Changes in matter

MATTER
’////’//:ndergoé:\\\\\\\
REACTIONS CHANGES
can be I
CHEMICAL PHYSICAL
-

does not form

~
NEW SUBSTANCE

difficult to can easily

A\ REVERSE \
///gxamples examples
\ \

BURNING ROTTING DIGESTING DISSOLVING MELTING CRUSHING
signs I \\ detect/reclaim by N\ \\\
/ / ] '
HEAT COLOUR GAS PRECIPITATE TASTE COOLING PROPERTIES

LIGHT CHANGE PRODUCED
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Appendix 11 - Summary of the Responses to Concept Mapping
Survey, administered as part of the Main Study. (Raw Scores
indicated for each category.)

SA = strongly agree A = agree U = undecided

D = disagree SD = strongly disagree

1. I am able to make a concept map. SA A U D SD

15 39 10 20 16

2. Concept maps are difficult to SA A U D SD
make. 26 40 16 17 1

3. Making concept maps helps me to SA A U D SD
understand the topic I am 13 28 24 19 18
learning.

4. Concept maps let me organize the SA A U D sSD
information in my own way. 9 34 16 22 19

5. I prefer making concept maps on SA A 8] D SD
a topic rather than taking 17 18 18 20 26
notes.

6. I find it hard to decide on Sa A U D SD
which concepts to use in a 34 41 17 7 2

concept map.

7. I don’t like making concept maps. SA A U D SD
39 21 23 13 4

8. Making concept maps help me to SA A U D SD

remember the topic. 6 24 25 32 15
9. I would not make concept maps in SA A U D SD
class if I didn’t have to. 42 33 i4 7 14
10. Making concept maps makes me SA A U D SD
think about the topic. 10 30 22 24 14
11. Concept maps let me use my own SA A U D SD
words to explain the science 4 38 20 22 i5
topic.
12. Selecting linking words to SA A U D SD
connect concepts is hard. 16 26 24 27 8
13. I like to be able to use SA A U D SD
concept maps as answers on 4 11 25 31 28

tests.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Choosing which concept to start
map is usually hard to do.

I get confused when I try to
make a concept map.

If I redo a concept map I find
it is easier the second time.

A concept map gives me more
useful information than do
notes.

Concept maps help me to learn
science topics.

You have to think to much to
make a concept map.

You have to be smart to be
able to make concept maps.

Concept maps should be used in
other schcol subijects.

Concept maps do not include
enough details about a topic.

Concept maps take to much time
to make.

Making ccncept maps help me to
learn on my own.

Making concept maps is a good
way to find out what you don't
know about a topic.

I would use a concept map to
explain a topic tc another
student.

I prefer to use sentences and
paragraphs to answer test
questions.

I feel that making concept
maps helps me to learn
science topics better.

SA
23

SA
23

SA

SA

SA
SA
16

SA

SA

SA
11

SA
17

35

18

46

26

37

24

17

25

23

29

40

32

20

24

23

D

24

13

32
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SD

SD

SD

SD
15

SD
16
SD
SD
14

SD
12

Sb

SD

SD
12
8D
10

SD
19

SD
16
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Appendix 12 - Trarnscripted lInterviews.

The interviews were held following the final unit test and
after students had completed the Concept Mapping survey.
Students were enccuraged to express their feelings in an open
manner. The trarscriptions represent a summation of the
students’ responses to the questions which ware recorded on
audio tape or recorded by the interviewer.

Student #F9 (Sonja) - Higbh achieving student in science
Question 1 - Are you able to make ¢i construct concept maps?

At first I found making a map a little difficult because it
was something new but after we made a few in class I caught on
to the idea and now I can make maps.

Question 2 ~ What do you find hard about making concept maps?
Are there some parts of making a map that are difficult?

If the main ideas are given in the question then its much
easier to make a map than when you have to read the
information an pick out the important ones to use. Once you
have the main ones {(roncepts) you can usually figure out how
to put them into the map from top to bottom and join them.
Sometimes you have to make changes when y~u see a better way
to join the ideas so they fit better.

Question 3 - Are there things you like about making concept
maps?

I like making maps because you can make the map in your own.
Maps don’t have to done one way so you don’t have to worry
about it being exactly like one that you made in class. When
you know the topic you can usually make a map pretty easily
and you can make changes when you want.

Question 4 - Do you think making concept maps helps you to
learn science?

I think they do help me to learn science because you have to
think about the main ideas and join them to make sense. Maps
make you think more about the topic; you’re not just copying
like with notes and its more work so you probably learn more.

Question 5 - It seems some students have problems making
concept maps, could you suggest some reasons why that might
be?

Maps might be hard for some students because you have to do
the work yourself and not copy the information. Some students
don’t like to have to do the extra work and maybe they can’t
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figure out how the ideas fit together. If you don‘t
understand what you’'re suppose to be making into the map then
it’s hard to do.

Question 6 -~ Do you like being able to use concept maps as
answers t % eost questions?

I think :u should because it’s differont than writing
paragraphs snd it’s good for some paople. It was good to be
able to use it on tests sometimes cause I found it faster and
easier than using a paragraph. When you use paragraphs it’s
hard to add a new idea when you’re at the end of the paragraph
but it’s easy with maps.

Student D28 (Nick) - High achieving student in science.
Question 1 - Are you able to make or construct concept maps?

I am able to make concept maps most of the time. Sometimes
they are harder to make like when you don’t have the main
ideas given to you then it’s harder and takes more time.

Question 2 -~ What do you find hard about making concept maps?
Are there some parts of making a map that are d:fficult?

Well when you have to make the map from scratch without the
ideas given on paper, then it takes more work from the start.
The hardest maps are when you don’t have any information and
you just have to use what you know then it takes a long time.
When you have the main ideas given in th2 question then it’s
easier to join them and make the map. Sometimes picking the
linking words is hard but if you put the main ideas down first
you can come back and pick the words which work so tha map
works and is right.

Question 3 - Are there things you like about making concept
maps?

Using maps you can get down to the main ideas ard not have to
add a lot of extra information. I like being able to put the
information down the way I see it and then you can add things
as you need to. If you know something you can make a map
pretty fast. If you have to write out what you are going to
say sometimes you forget some of the main ideas and you don’t
write them in your answer.

Question 4 - Do you think making concept maps helps you to
learn science?
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I guess they do, with maps you have to figure out how the
ideas fit together, you don’t use them like notes and read
them over. With maps you get to the main ideas and if you
learn new stuff you can add them to a map, you can change the
maps to add new ideas. You can see how the different ideas
fit together and that helps you to learn.

Question 5 - It seems some students have problems making
concept maps, could you suggest why that might be?

Some students don’t understand the topic very well and they
can’t see how to connect the ideas to make a map. I know
students who don’t really try and they say they can’t do then,
they pretend it’s too hard so they don’t do them. I think if
they try most people can make maps.

Question 6 - Do you like being able to use concept maps as
answers to test questions?

I used maps for lots of test questions because they’re faster
and easier than writing out paragraphs. If you know the topic
then maps are good because you use the main ideas and then you
can add on as you go. Sometimes when I start the map I don’'t
have all the main ideas figured out but then I remember them
as I make the map so I can add them and not have to start
over.

Student B26 (Matt) -~ High achieving student in science.
Question 1 - Are you able to make or construct concept maps?

I can make concept maps but sometimes they don’t come out tae
way they should. They’re hard to make sometimes because I'm
not sure what the main points are and how they should fit
together. When you know the main ideas or they’re given to
you then their easier to make.

Question 2 - What do you find hard about making concept maps?
Are there some parts of making a map that are difficult?

I find it hard to pick out the main points to use and the
words to join them together. You have to spend a lot of time
trying to figure out how the words fit together. You have to
get an idea of how its going to work form the start otherwise
you get halfway and you get stuck or you don’t use one of the
main ideas.
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Question 3 — Are there things you like about making concept
maps?

I like maps when they’re smaller and easier to make, when you
use maybe only 8 main ideas but when you have to use lots of
main ideas they’re harder to make. I like using maps to put
down the main ideas.

Question 4 - Do you think making concept maps helps you to
learn science?

I'm not sure sometimes I found maps were confusing and thay
weren’t that easy to connect all the main ideas to make a good
map. Maps didn’t really give all the information to explain
the topic. I liked to have more details like in the textkook
when you can read the paragraph and it gives all the
information you need.

Question 5 - It seems some students have problems making
concept maps, could you suggest some reasons why that might
be?

Maps are hard because you have to pick out the main ideas and
then how they fit together. It’s hard to sort them out so
that the main points are at the top and then the other points
are down the map and then join them. I think the maps are
more work to make a good one.

Question 6 - Do you like being able to use concept maps as
answers to test questions?

I didn’'t use maps very often for answering tests but I think
it’s good to let someone use them if they want to. I like to
use paragraphs to answer cause it’s easier and quicker for me
and I'm used to writing down my answers. With maps I wasn’t
sure how good my map was and with paragraphs I usually get a
good mark.

Student B5 (Crystal) - Low achieving student in science.
Question 1 - Are you able to make or construct concept maps?

I can make concept maps but I find them hard to do. When the
main ideas are given to us then it’s a lot easier. When I
have to figure everything out on my own they’re really hard
and I don’'t do very well.
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Question 2 ~ What do you find hard about making concept maps?
Are there some parts of making a map that are difficult?

Maps are hard to make when I have to pick out the important
words from the paragraph and then connect them to make the
map. It’s hard to know which are the most important ideas and
then fit them in the right way. You’'re not sure what the map
is supposed to look like because there’s no one way to do it
80 it’s easy to mix up the words.

Question 3 - Are there things you like about making concept
maps?

Sometimes maps seem easy iike when we do one in class together
or when we copy them like notes then they make sense and help
me understand the topic. When I know the main ideas then I
can sometimes do the map and I like how it seems simple and
easy.

Question 4 - Do you think making concept maps helps vou to
learn science?

I think they help especially when we do them together in class
but when I do them alone then it’s harder and I’m not sure
whether my map is correct. When I use the textbook and map
the map from what’s in the text then I can check to see if my
map is right but then it’s a lot of extra work.

Question 5 -~ It seems some students have problems making
concept maps, could you suggest some reasons why that might
be?

I try to do the maps but it’s hard to do when you’re not sure
whether the words are connected right or wrong and if you
leave out some of the words you don’t know where to add them.
If you can do the map with another person then it’s much
easier and you can help each other.

Question 6 - Do you like being able to use concept maps as
answers to test questions?

Sometimes I use the maps to answer test questions when I'm
sure that I know the main ideas or if we have made a map in
class that was on the szme idea and if I can remember how it
sort of worked out. If I'm not too sure about the answer then
I use a paragraph. I'm better at writing a paragraph answer
then making maps.
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Student D7 (Dan) - Low achieving student in science.
Question 1 - Are you able to make or construct concept maps?

I'm getting better at them now, at first they seemed way to
difficult and I couldn’t see why we had to do them. They were
easy when we did them in class but took to much time to do a
good one by yourself.

Question 2 - What do you find hard about making concept maps?
Are there some parts of making a map that are difficult?

They took a 1long time to do because you had to read the
paragraph first and then pick out the main words and then put
them down and jein them. It was easier just to read the
paragraph or to copy notes about the stuff.

Question 3 - Are there things you like about making concept
maps-?

Sometimes the maps were ok because they were simple and fit
together easily and things matched up without having to do
them over. I didn’t like having to dc them over and make sure
all the words fit in cause it was basically the same except
with a few more words.

Question 4 - Do you think making concept maps helps you to
learn science?

Maps might help you learn more but their more work to make
them right. To fit the ideas together and connect them to be
right is harder and lots of times you have to redo them so it
takes longer.

Question 5 - It seems soma students have problems making

concept maps, could you suggest some reasons why that might
he?

The problems might be with how the words have to connect and
figuring out where they fit on the map. Connecting the ideas
is hard because the word has to tell how they fit together and
that’s hard to find a word that fits. I don’t like having to
do the maps over again and I know that it’s suppose to be
better the second time but sometimes you don’t know how to
change it. '

Question 6 - Do you like being able to use concept maps as
answers to test questions?



164

Maps are ok sometimes because you can just answer the question
with the main words and join them. If you know the stuff then
maps are good because they’re shorter than paragraph answers
and have the main ideas. Sometimes it’s hard to use the map
when your not sure what to put in the map cause you’re not
sure about the

answer.
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mapping

paragraph test

to concept map/

Student concept maps completed as

ts or as answer:s

questions.

assignmen
Student 103 - map displayec in Table 3
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Student 122 - map displayed in Table 4
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Student 222 - Map displayed in Table 4
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Student B26 - Map displayed in Table 8

Uo10ux &

MAI00 <

/ Saypw - b, 243

M
208 3207 G
\

PINY0 320 11y




i71

“able

Studernt B28 -- Map displayed in




172
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Student F20 - Map displayed in Table 10
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Student F31 - Map displayed in Table 12
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Student D2 - Map displayed in Table 12
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Student F9 - Map displayed in Table 14
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Student D25 - Map displayed in Table 17
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Student B26 ~ Map displayed in Table 20
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Student F7 - Map displayed in Table 22
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Student B15 - Map displayed in Table 22
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Student F12 - Map displayed in Table 24
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Student F13 - Map displayed in Table 26.




