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ABSTRACT

Cohcept mapbing is a metacognitiVe learning strategy
which dften improves a learner’s ébility Eo construct new
knowledge. This action_réSearch prbjéct was'intended to
determine the level of effectiveness of cohcept mappiﬁg as
a student learﬁing intervention. Students.in th high k
school science classes constructed concept maps before énd
‘after instruction during a unit of study about volcanoes.
.The maps‘were analyzéd for increases in complexity and
indicatioﬁs’of learnihg; The concept maps were then
compared for differences by groups based on volcano unit
test scores. ﬁased on the analysis of the matched pairs of
'éoncept mapsf those?maps which contained a higher amount of
 prior'knowledge éf the subject matter were associated with
maps which showed the greatest amount of increase in
knowledge after instruction. These results are supported by .
the many reasearchers who contend that the the most
important factor in learning new information and gaining
new knéwledge is the ambunt of prior knowledge a learner
brings into the learning situation. The results of this
action research project will be applied to the development

of future science courses by this researcher.
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CHAPTER ONE

- INTRODUCTION

.The.intent‘behind this action research study is to
‘evaluate the effectiveneSs_of,concept mapping as a student
learning iﬁtervéntion in two'ninph—grade'intrdductory |
general scienéé classes,land‘to apply the‘resuifs to
.redééighing'teaching methods, ciass assignments, and

assessment strategies.

' Concept Mapping as a Strategy
for Teaching and Learning

Thefe are many options for teaching science, from a
tfaditional emphasis on memorization 6f faCts to a modern
approach based on cooperative learning and student
involvement in experiments and related activities (Gabel
and Bunce, 1993; Helgeson, 1993). Likewise, there are
diffefent Ways in which a student’s understanding of
" subject matter may be evaluated; While teSt scores have
received an enormous amount of publicity'ahd atténtion,
tests may not indicate what students héve actually learned
‘(Johnson and Lawson, 1997).

Concept mapping is supported by the constructivist
approach to learning and knowledge acquisition, which
emphasizes the active involvement of learners in

constructing théir knowledge (Lawson, 1994). Concept

mapping also involves both communication and reasoning



skills. Communication skills have been identified by
:Project 2061 as‘One of the benchmarks of sCience literacy
(American Association,for the Advancement of Science
[AAAS],-1993,’p. 1964198). The correct nse of'specialized
terms in sciencelleads_to accurate communication, allowing -
students to demonstrate their learning:and knowledge v
effectively. Project 2061 focuses on what it terms “lasting
knowledgevandvskills” (ARAS, p. XI) (italics'theirs) which
requires more tban»the simple memoriZation'of:facts.
'Information combined with sCience;experiences and reasoning
~leads to the type_of.knowledge that will outlaSt a course
or final examination. |

Although prior knowledge has been shown.to influence
learning (Lawson;:1994), recent research has also shown
that’reasoning:ability may be an even greater predictor of
success in college science courses than prerequisites and
prior knowledge (Helgeson, 1993; Johnson and Lawson, l998).
Since-science‘claéses in the United States tend to touch on
severalgtopics rather than delveideeplywéndjthoroughly into
a few, these findings are particnlarly.important-to
~secondary teachers..Lasting knoWledge will remain an
elusive target as long‘as facts are emphasized over
‘critical thinking}_It is difficult,fhowever[‘to.avoid
concentrating on fact assimilation, in part,because/of thev

burdensome emphasis placed on standardized statewide test



scores. fof well over a decade science educators and
associations have emphasized“the deep, longterm
understanding of science concepts which occufs not by
covering many topics superficially, but‘by spending more
time with a smaller number of the mbét.imbbrtant doncepﬁs'
in ofder to be certain they are learned,(Stafr"and Krajcik,

1990) .

Barriers to Concept Mapping
as a Strategy

There are three major drawbacks to including concept
mapping in highvschool classes. As noted above, the
'~ emphasis in the classroom is often pléced on covering all
the topics as specified in the curriculum instead of making
sure students have attained a high level of understanding
of the topic (Tobin et al., 1994). The most obvious
stumbling block to using concept mapping as a learning
strategy isithe large invéstment of time reqﬁired to use
the technique prbperly: time to teach the technique itself
during class, time for more practice with new concepts in
and out‘of the classroom, andHtime for checking and
correcting progress every few weeks. This is all time which
may be seen as beihg éubtracﬁed from the time needed to
satisfy the needs of thé curriculum. Also, each new student
who joiﬁs the class after the mapping techniques have been

taught needs special tutoring time and an investment of



more time‘to préétice.,MetacognitiVe learning techniques do
not “Speed up” the learning prdcess, which 6ften takes-
longer than‘expeéted (Helgeson, 1994; Wandersee} et al.
1994) . | | |
A‘second probiem.is more difficult to address in that

concept mapping often‘relies on prior knowledge, which may
be,fléwed»or>butright erroneoﬁs—'a_particularly‘pervasive‘
problem in science (Wanderseé, et a;. 1994). If all the»
érrors in‘a‘map are not caught'and-correcféd, it is
unlikely the student will détect-and'correcﬁ them. In that
case, the'student will truly be constructing a
individualiZed knowledge base, one that will resist change
‘and correctionk(Wandefsee, et al. 1994; Morrow, 1999;
Johnson, 2000) . |

. A third'difficulty has to do with chaﬁging the manner
in which content material.is coﬁvéyéd,and‘learning is
‘asséSSed, The limited'ekposure,to concept mapping in
preserviée courses for teachéfs dOesfnét providé'new
teachers with practice innteaching students how topaCtively'
and_delibefately'Cbnstruct theirﬂknowledgefand CQmmpnicate
their iearning. New teachers will teach in a manner éimilarA
" to what their teachérs practiced,‘which méy not lead to
- changes in learners’ conceptions andvknoW1edge (Wandersee,
et al. 1994).

- Knowledge of how to teach scientific content, and the



opportunities to do so, are as important as the teacher’s
knowledge and comfort with the content and manner of
delivery. Dissatisfaotion with the highdstudent failure
rates in this researcher’s science classes, and in the lack
of,understandinglin'scienoe in general, has fueled an |
evolving approach to teaohing as well as a search for
practical ways students can demonstrate what they’ve
learned besides taking tests. (“Practical” means timely
solutions that will work for a hundred to 180 students, a

 typical workload for secondary teachers in California.)

Benefits to Concept Mapping
as a Strategy

By starting at the end and working in reverse,
determining what skills and knowledge students should end
up with after spending time in the science‘classroom,
methods must be found or developed which Will move learners
to that point. The next prOblem is how to find out what
students have actually'learned, and howithe new‘knowledge
comparestto and fits in with their prior knowledge.

Age-appropriate metacognitive strategies maylenhance
conceptual changes and improve students’ ability to
identify what they know and how their knowledge fits
together (Wandersee,'et;al. 1994). Having students think
- about how and what they are learning, and mapping out their

"~ thoughts leads them into forming their own knowledge



conscioﬁsly. Students deliberately arrange knoWledge and“
link related ideas with each othér, movevideas around and
consider alternatiﬁe reiationships. Mapping makes students-
think about their new knowledge and evaluate
preconcéptions. Since evaluating knowledge ahd informafion
are necesséry for the construction of both kanlédge aﬁd B
concept maps, the use of éoncepﬁ maPS'for évaluating

‘ student_progreSs in'léarning seems 1ogi§al.

Although concept mapping has been an excellent tool

- for this reseafchér’s_own learning, stﬁdents may not enjoy
the same benefité or use it to the séme degree. Teaching
concept mapping~takés precious time away from curriculum
but if a-techﬁiquevimproves student learning it should be
incorpdrated, regardless of the.claSS timé needed. Five to-
ten minutes at the end of each class period are set aside
for students to summarize the information énd‘activities,in
that day’s class and to make a concept map for the day’s
-topics and activities. Every two to three weeks étudent
-notebooks‘are collected and checked for proper mapping
technique and logical gfouping of ideas, and include
teacher comments and'suggestions. Needless to say this is
extremely time-consuming. In spite of suCcessful personal
experiences‘and the published results of other researchers
working with concept mapping, it is difficult to determine

whether the concept maps have significantly helped students



learn and relate ideas, or if the process is worth the time
required to teach it. The benefits of concept mapping in
high school science courses may or may not outweigh the
problems encountered by the teacher when doing so.

The benefits of concept mapping appear to be
substantial. The metacognition required for the task is one
step closer to critical thinking and the ability to
evaluate alternatives. The technique allows students to
build on prior knowledge. The reduced emphasis on grammar
and increased focus on logic has helped many of my students
communicate their learning, but these qualities are
especially valuable to English learners who struggle with
expository exams. Language (or a tentative grasp of it) no
longer stands as such a barrier for these learners who,
like other students confronted with conventional tests,
cannot convey what they have actually learned (Luft, 1999).

Other benefits in the classroom have come out of the
end-of-class mapping requirement. Many students seem to
enjoy the quiet, reflective time at the end of class when
they must concentrate and map out what was done in class
and any new information presented. They are encouraged to
use colored pencils for emphasis and to make connections
more obvious, and a few students have endeavored to do so
consistently. They also seem to appreciate the order that

is brought to the end of the class, a time which is



[

characteristically hectic and disruptive. Sometimes a few
~will even stay after class because they want to finish
‘their maps. For some, it seems to be a compelling closure

to the class and, to those in the last period, for the day.

An Imperfect Sélution

Knowing how science is dbne, learning how scientists
now and in the past came up wiﬁh their ideas, and
understanding the processes and checks and balances within
science will lead learners to an ability td critically
evaluate claims made not only by scientists but in other
areaé of their lives (AAAS, 1993). This researcher’s
students have shown, and a few have éven stated aloud, that
they feel that science is not attainable for them, that
it’s too cerebral and made only for the remarkably
intelligent, and that it has no value in their day-to-day
lives and decisions.

Without connecting the process of critical thinking to
discoveries, showing students how science is done, they
will not learn it. Without allowing students to experience
the process themselves, science remains an abstract idea.
that’s “too hard” for them to graép.

Concept mapping is one way to provide students with a
process they can use in making the connections needed to
understand an idea, and in linking that idea with facts,

other ideas, and main concepts. When students are asked to



make their own concept maps after a unit of study, they and
their teacher can use the‘maps to evaluate the extent of
student leafning.

| Students may tend to resist beiﬁg,this involved with
learning. Teens especially‘will not complete tasks they‘
think involve too much mental‘or physiéal exertion, or that
don’t seem to benefit them in a tangible way. A few‘
students iﬁ each class studied in this actién_research
pfoject simply would not show what they learned in a pre-
instructional concept map, drawing only a box with thé word
“Volcano” in it and nothing else. When askéd to complete
the map they'said that they didn’t know anything. Such
obstacles are difficult‘to eliminate, but fértunately most
students are reasOhably‘cooperatiVe wheﬁ asked to complete
tasks in class. |

In the 1ong‘run, do thé benefits of cOnéept mapping

'outweigh‘the pfoblems encountered by‘the teacher who uses.
the teéhnique? Is the time investment worth it for enough
students? Should this stfategy be continuéd or is it truly
just a “waste of time” for thé teacher? This action
researchstudy seeks to prbvide some insight into the

answers to these questions.



CHAPTER TWO -

REVIEW OF RELATED LITERATURE -

Concept maps are an 1mportant tool for finding out
what learners know at the start of 1nstruction in order to
_ make a comparison with What they know at the end of
linstruction ‘of new concepts, and how the new knowledge
h’relates to prior conceptions (Novak, 1990 1991, 1993;
Gabel and Bunce, 1994; Wandersee, et al. 1994; Odom and
Kelly, 1998). Mappingris also useful to learners .

‘ themselves; by helping them*shape theirbknowledge and
become actively 1nvolved in their own learning (Novak,
‘1990' Wandersee,’l990). Mapping can be useful to teachers

: as well particularly 1f the practlce 1s begun early in
'preserv1ce education, since they can experlence»its effects

- and benefits before entering the profess1on (Starr and

Kra3c1k,,1990)..“*

Concept Mapping
Concept mapping was originally developed by Joseph
Novakvand colleagues at Cornell UanerSity~1n the early
1970s, to‘study the conceptual’changes-Whichfoccnrred as
students in schoolrlearnedbnew-scientificnideas over time
(Novak,'l9905. Its theoretical basis came from the works of
D.P. Ausubel, whose theories regarding 1earning were

founded on the idea that the knowledge learners bring with

10



them into the classroom is thebmost»important factor that
affects their learning (Novak, 1990; Starr and Krajcik,
1990; Wandersee, 1990) .

In establishing how to depict the changes in knowledge
.;framewerks, Novak’s groups designed an illustrative system
which graphically shows in two dimenéions how ideas and
concepts connect'to eaeh other, with levels of concepts
depicted in a specific, hierarchical manher based on the
cognitive, psychological structurevof knowledge rather than
on the logicalvor linear structure of factual knowledge
(Novak, 1990; Starr and‘Krajcik, 1990; Wandersee, 1990).

Such tools have become increasingly popular among
researchers involved in related studies (Jegede, et al.
1990; Wandersee, et al. 1994; Luft, 1999). Often asserted
in research articles is the idea that the single most
important influence on learning is students’ prior
knowledge, conceptions and misconceptions alike (Novak,
1990; Wandersee, et al. 1994; oOdom and Kelly, 1998; Luft,
| 1999). It follows that determining what those
preconceptions are prior to inetrﬁCtion'is‘crueial. What
students already know will‘influence-Whet and how they will
learn, sinee prior kﬁowledge-maY~interact‘With new
information and i&eas to create unintended, hybridized
versions of concepts (Wandersee,et al. 1994).

Novak and his colleagues found that young learners

11



were thwarted in learning new concepts because of “the

: quantity and‘quality of their relevant knowledge acquired

' throﬁgh éxperience and instruction” instead of a limited
“édgnitivé operational capééity,” as suggested by Piaget
(Novék, 1990, p. 938). Rather thén undergoing a series of
monumental chaﬁgés in the way they think, as students
become older they acquire more ideas and'concepts’to thdh
.they may anchor new knowledge (Flavell, 1985,'quoted'in
Novak,‘l990; Wandersee, et al. 1994; Odom and‘Kelly, 1998) .

Once a learner’s current knowledge structure has been
evaluated for acduracy, misconceptions or “alternative
views” can be targetea for extinction. The integratiqn of
new concepts and idéas is influenced and eﬁen hindered by
student outlook and interpretations‘of past experiences.
The student may think that phehomena occur one way in
science class or at school, but occur differently at home.
Students misinterpret what they see or witness and can.hold
onto multiple views that are actually mutually exclusive
(Wandersee, et al. i994).

Unfortunately, not all students enjoy their increased
involvement in their own learning— even if they acknowledge
that they leérﬁ better that way (Morrow, 1999; Johnson,
2000)./Some admit to laziness and others wish for the
comfort of rote iearning since it’'s familiar to them and

they know what to expect.
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Concept Maps Aid In Shaping
the Learner’s Knowledge

Besides detefmining what learners already know,
concept maps aid learners in finding.out how théy know it
and in directing the construction of their oWn.knéwledge
structures and meanings (Novak, 1990).

| A side-effect of concept mapping has'been the
reduction of ankiety and an increase in confidence of
students facing new ideas.KJegéde, et>al.‘l990; NoVak,_
1990; Wandersee et al. 1994). The lack of control over how
and what is learned leads students tb feel that they don’t
funderstand either whét they are suprSed to learn or why |
they are learning it (Novak, 1990). Students can be given
unfamiliar tasks that they-manage”and'learh from
effectively provided their learnihg-has meaning (Morrow,
1999; Johnson, 2000). Learning is enhanced when student
‘anxiety toward learning is reduced, which can be
accomplished‘by the.usé of chéept maps (Jegede, et al.
1990) .

One tremendous hurdle.encountéréd byvécién¢e teachers

is the fact that stﬁdent viéWs of thé world— i.e.,
precohéeptions‘prior to instrﬁction— afé ekﬁrémely
ténacious:and résist being revised or replaced;vin spite of
instruction and experiences that céunter_the flawed views
(Novak, 1991; Wandersee, et al. 1994). ConCept’mapping,

when combined with learning cycle-based lab activities, has

13



been shown to be an effective‘method to improve student
performance in science (Helgeson, 1994; Odom and Kelly,

1998).

Cohcept Mapping for TeaChers

Conventiohal teaching practices in science have too
then focused on the rote memorization of numerous facts
and abstract ideas, passing multiple choice tests, filliﬁg
in blanks, and writing short—ansWer}essays (Novak, 1991;
Luft, 1999). In an attempt to dovér'orfget through as many
topics as possible, teachers_pféSent an evér—érowing amount
of information. This results in poor perfOrmance on
achievement tests, especially when compared to those of
foreign students, and failure to learn and understand
sciehtific concepts and reasoning skills (Tobin, et al.
1994; Johnson and Lawson, 1998). Because of the enormous
quantity of curricular material required, teachers cannot
.always check to make sure that their students have attained
a high level of understanding of concepts. Forced to move
along at a pace that hinders learning, teachers rely on a
limited number of assessments éuch éé homework,‘worksheets;
and tests.

Student engagement and'moﬁiﬁation are uSually derived
from success on exams and report'cards; Tréditional
“cookbook¥style”»laboratory activities tend to focus on

correct lab procedure and reiteration of facts or

14



principles already.presented in class lectures, not on . the
experience of planning and develeping an authentic lab
experiment,(Tobin,.et al. 1994; Morrow, 1999; Johnson,
2000). If teachers mapped out theirvgoals-and strategies
they couid‘focus on improving thevquality of laboratory
experiences for their students, replacingrthe emphasis on
procedure with meaningful leaining-ekperieneeeg(sfarr and
Krajcik, 1990) . o
Teachers can effectively use concepp mapping in
planning andvdesigning the entife science.eurriculum
(Tebin; et al. 1994; Morrow, 1999;iJohnson, 2000). Once
" they esﬁablish what is to be included and why, they can
move onito how the coneepts afe‘to be caneyed and learned.
Their eXperiencesjwitn the usefulness of mapping can
provide insight~and.motivation for teaChingvthe technique
to their Students (Novak,11990; Starr and Krajcik, 1990) .
Exemplary ecienee teaehers Whose students show high
levels of inquiry monitor student engagement during
activities and employ a variety of straﬁegies to enhance
W}Student understanding and problem-solving abilities.
Students must be engaged in making meaning for themselves
~and need the guidance of teachers who know how to teach
scientific content and can, at the same time, urge students
to replace old concepts‘with new, or.aid studentsvin

correcting erroneous ideas which are unsatisfactory in

15



explaining‘phenomena (Novak,»l990{ Tobin,‘et al. 1994).
"Ccncept mapping has a piace in Ecthbmeaning—makingiand.in
updating the eXisting knowledge framework (Novak, 1993).
Teachers should.be taught how to construct‘concept_meps,
their importance in changing conceptual constructs, and how
to teach learners the procedures-invclved in concept
mapping. Teacners should learn how they themselves learn,
and expetience the practicality ofvmabping_tneir own
personal knowledge structures. Through such practice they
will be able to see tne appiications of such a skill in
organizing and taking charge of learning, in underStanding
concepts and finding flawed reasoning, and in becoming more
effective, exemplary teachers (Starr and Krajcik, 1990).
" Once preservice teachers use concept mapping for themselves
“they tend to move‘away'from rote‘learning, toward meking
subject matter more conceptually transparent— emphasizing
meanings and interrelationShips-instead of endless
disconneCted‘facts. They seek out other metacognitive
techniques, Such as reflective journals and learning
checklists, to help add to their teaching strategies
(Novak, 1990; Wandersee, et al;-1994). They are better able
to spot faulty learning structures or patterns and are
better able to correct erroneous constructs right away.
Teacher educaticn needs to inciude more>than simply a

little practice in mapping concepts. Teachers need to be

16



taught how to teach the technique tolthe'variety of
students they have in their ciassrooms. Plﬁs,Ain addition
to helpihg students and teachers organize knowledge
structures, concept mapping can be used to design
curriculum and instruction, from fhe overall concepts down
to individual ‘daily lessons (Novak, 1993). Novak's
extensi&e experienée with concept mapping has shown him

that

whenever teachers (including university professors)
construct a concept map for a lecture, demonstration,
book chapter, or laboratory experiment they wish to _
teach, they gain new insights into the meaning of that
subject matter...even a single lecture or lab experiment
may involve 30 or 40 relevant concepts, and perhaps
another 30 or 40 less-relevant concepts. The number of
ways these concepts can be permutated or combined is
virtually infinite. (Novak, 1991, pp. 48-49)

Novak makes the point that everyone sees things “at
least slightly differently” (Novak, 1991, p. 49). Through
concept mapping and other metacognitive techniques,
teachers and étudents can reduce the size of the inevitable

differences.
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CHAPTER THREE

DESCRIPTION OF THE PROJECT

Student Subjects
The subjects of this action reseérch project were

students from this researdher’s classes who attended a
large public high schobl in the PerriS/Moreno Valley
(Califoinia) area. The school population for the 2000—2001
school year Varied from 2400 to 2800 studéntsvand was
apprdximately 50% Hiépanic/Latino, 15% Black/African-
American, 25% of European anceétry, and 10% of Asian and
American Indian ancestry. The studenté,were‘enrolled in
ninth grade Generai Science, a required first-year science
course which focused on Earth Science and served as a
starting point for the rest of the students’ high‘school
science courses. It was the'goal of the schooi’s science
department teachers to start all students with the same
basic foundation in both scientific knowledge and correct
‘laboratory‘attitude.

It should be noted that during the time of this. action
research project.the high school had a four—periqd day with
classes ;asting”éighty—fiVe minutes apiece, providing a
good Qppértunity for students to engage ih laboratory and
other clasSrgdm éctivitieé; However, due to’severe»crowding
at the school, this will be the last yeér for such a o

”schedﬁle, and.the*high’school will revert back to the more

18



common six-period day startihgtin,the fall of 2001.

The General Science Course

The course title is “General Seienceﬁ but the majority
of topics fail into the Earth Science category. Studehts
learn about experimental design, correct ﬁse of science
laboratory equipment,‘and correct behavior in the 1lab,
including safety protocols. The rudiments of matter,
elements, the Periodic Table, atoms, bonds, and molecﬁles
are all introduced. Correct use of measurement devices is
taught and students use metrie measurements of mass (triple
beam balance), volume (graduated cylinder), and temperature
(Celsiﬁs thermometer). The remainder of the course covers
the atmesphere,'weather, and climate, astronomy, and
dynamic earth processes such as earthquakes and volcanoes.
The course is derived from the Caiifernia state standards
for teaching science. Although two other teachers with
General Science courses started the year with'concept
mapping, the two classes used in this action research study
were the only classes using concept mapping as a major part

of the curriculum throughout the entire term.

The Unit
This action research project concentrated on a single
unit of study for which students should have had some prior

knowledge: volcanoes. The volcano unit began with a
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videotape about the aftermath of the 1980 Mt. St. Helens

eruption in Washington. This was followed by:

descriptions

terms

facts about volcano types
Véruption events and materials

how eruptions‘affect life

underlying mechanisms Qf plate tectonics

the Pacific “hot spot” under the Hawaiian Islands.

The Volcano unit preceded the related unit, Plate

Tectonics, which then led into the Earthquakes unit.

Specific topics included:

structure and characteristics of the lithosphere
three categories of volcanoes: cinder cone,
stratovolcano, and shield wvolcano

lava composition (gases, water, silica) and its
effect on the explosive characfér of eruptions
ocean floor spreading and magnetic pole‘reversals
cOnvectioﬁ currents within the lithosphere
plate tectonics, subduction, and collision
island and mountain building

the “Ring of Fire”

social consequences of predictions, warnings,
disasters,‘aﬁd'relief efforts

the éffecté‘of‘vOlcanic‘eruptionsh lbngterm and

short-term, on human and other life.
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Most of the tOplCS above ‘are 1ncluded in Benchmarks
for Science theracy (AAAS, 1993) and all are aligned with
the California state standards for high school earth |

- science.

Teaching Strategies'
In order to provide the most enrlchlng learnlng
environment a variety of teachlng strategies were employed;

Demons travtlons

Demonstratlons 1nc1uded a Lava Lamp and colored hot
water r1s1ng through cold water to 1llustrate convectlve
heatlng and oool;ng, several lava and ash samples collected

invthe,field at Mti Stw Helens, Kllauea,_and two Southern’
1California'cinderjconesf and the baking soda and vinegar
reaction tofcompare,and contrast with events in a realg
volcano. Students Werebassisted in writing'explanations in
‘their science notebooks.about why the reaction was |
oinaccurate as a voioanoxmodel.

Activities

Students made-observations of Various{laVa)‘cinder,
~ash, and “lava‘bomb” samples. They used hand 1enses and
dissection microscopes; recordlng wrltten descrlptlons and
‘ drawings in their»scienoe notebooks. They also‘constructed
»small paper models of stratovolcanoes and made an
information‘pamphlet about.three'major types of volcanoes.

The pamphlet inoluded_drawings of the voloanoes'in cross¥
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section as well as deécriptions, method of formation, and
specific examples. They glued their pamphlets into their
notebooks.

Videotapes

Two videotapes Wére viewed, including a NOVA! tape,
“Volcano!"band the educational tape about the Mt. St.
Helens eruption referred to above. For the NOVA! tape,
students made concept map-style notes; for the other tape
they filled in answers on a question sheet, which they

glued into their notebooks.

Textbook Ouestions‘L

All students had checked out a copy of the textbook,
which remained at home,‘and was used primarily for
reference and review. Questions which were copied off the
board often pertained to the information in the textbook.
Bonus questions on quizzes and the test were based upon
text information not specifically addressed in class, but
which could be found in the chapters about volcanoes and

plate tectonics.

Instruction in Concept Mapping
Concept mapping directions and practice had been
started two weeks before the initial volcano concept map
was assigned. Students were directed to first brainstorm
all their ideas on their paper. Once the brainstorm was

completed they were to use it as a guide for developing
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Figure 1. Example of Class Brainstorm for “Dogs”.
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their cbnceptvmap. Mapping Was demonstrated with familiar
topics, such as “dogs.” (See Figure.lland Figure 2 for
examples.) . Students copied the examples and helped
construct ofher class examples by contributing ideas during
~discussion-style sessions.

Students were instructed to arrange the items on the
map so the itéms were grouped according to relationships or
similarities. Since almost none of the students indicatéd
familiarity*Withjéoncept mapping, the technique was
simplified andfdiffershsomewhat from the more complex maps
of other researchers. For example, connecting words were
made optional, in order to accommodate students with
extremely poor writing and language skills. The grouping’of
terms and concepts consisted of first dfawing a “bubble” |
around the main idea. Terms and concepts that were part of
the larger idea‘Wére written below the main’idea, placed in
bubbles, and donnécted to the main idea by way of lines.
Branching and éross—linking were both demonstrated but
rarely used by students, as were directional arrows.

For the concept maps used in this actibn‘reéearch
study, students were allowed as much time as they needed in
order to produCé a map theyvfelt effectively conveyed the‘
whole of their knowledge regarding Volcanoeé. Most finished
in about fifteen minutes, and all were done in thirty-five

minutes.
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Prior Knowledge

Prior knowledge of volcanoes was assessed by a cdncept'
map assighed before any instruction in the Velcano unit
began..DirectiOns given to students were to “include -
everything you can remember about volcanoes” and nearly all
students showed that they could recall aﬁ least a small
amqunt.of factual informaﬁion regarding volcanoes. A few
students made elaborate maps based on several recalled
facts‘and details. Some made use of their colored penciis,

as using color was encouraged in class.
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CHAPTER FOUR

METHODOLOGY

Selection of the Cohcept Maps’

Each student in the study produded one pre-
instructipnal conceptbmap (the “pre-map”) énd one post-
instructional cohcept map (the “post—map”). Due to student
abSences when one of bothvmapping assignments were made,; or
because one or both-maps.were illegible, some concept maps
were not considefed fér énalysis.

There were 44yuseéble matched pairs (pre- and post-
maps) of coﬁéept maps produced in this study. Maps were
first ranked based on student scores on the volcano unit
test. For both sciencé classes, four representative maps
- were chosen from each of the the highest third, lowest
third, and middle third test scores in order to include
typical examples from all levels. No specific students were

identified. -

Scoring of the Concept Maps
Matched pre-maps and post-maps were evaluated using
the same technique. The totals for the matched pairs in
each group of maps were compared for assessment of the
extent of student learning. Points were aWarded aécording
to the criteria described below in order to obtain total

points for each concept map.
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Relationships

Relationships between conceptS‘were indicated by
connecting lines. The connections from one term to the next
"had to make sense. That is, the connections should have
been content correct and grouped with other items that were
related to each other in a similar way. Each relationship,'
as indicated by the connecting line, was awarded one point,
unless the relationship was incorrect. Since students weré"
»iargely unfamiiiar with concept mapping, as a first step in’
learning to use concept.mapping,‘simplificétion of the
process was deemed necessafy. Verbs along connecting lines
were optioﬁal, and the lines were'hdt required to have

directional arrows.

- Hierarchy

The “starting word” was written on the board:
“Wolcanoes.” The next group of words branching out from
that should have been somewhat broad, inclusiVé terms, éuch'
as “types” ér “ekplosiveness.”-At the leveilbelow the
inélusive terms, the next térmSVOf words should then be
- more sﬁeéific: “strato— volcanoes” or “gas content.” If
organized propefly, each successive 1evel Qf ideas would:
connect to the previous>leve1 through an obvious and
specific line of‘feasoning. One point was given for each
‘term which was correctly linked to the previous ternm. |

Incorrect links did not earn any points.
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Branching and Cross-Linking

Sometimes two or three items werevrelated to the
previous term in exactly the same way, and multiple
connecting lines were drawnzfrom a single word. This was a
“branch.” For each word which had a branch, a point was
earned. Very few maps contained a “cross—link," in which
one term was connected to a term in another part of the
map. Cross-1linking appeared to be a difficult concept for
most students at the time of the concept mapping
assignments.

Each correct relationship received one point. The
maximum number of hierarchical levels for the longest
single line of related concepts was added in, along with
the total number of terms with branches or cross-links.
Although every attempt was made to maintain objectivity in
scoring, it is acknowledged by this researcher that the
“correctness” of relationships among and between words was
the least objective aspectVOf the analysis, open to
different'interpretations;

As an example of the scoring system, for the concept
map in Figure 3 a score of 9 was obtained. There were 6
correct relationships, 3 levels of hierarchy in the longest
“chain” of concepts, and no words which had branches or
cross-links. This map was matched with the post-map in

Figure 4. Note the increase in COmplexity'and richness of
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Figure 3. Brainstorm and Pre-Map for Upper Third of Class
by Test Scores

30



Figure 4. Post-Map for Upper Third of Class by Test Scores
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Figure 5. Pre-Map for Middle Third of Class by Test Scores
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‘Figure 7. Pre—Map.for Lowest Third of Class by Test Scores
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cohcepts; The post-map received 27 points. There were 17
relationships, 4 levels of hierarchy, 5 branches, and one
cross-link. The volcano test score associated with this map
was 91%) within the top third of the volcano test scores.

The pre—map‘in Figure 5 and its matched poSt—map in
Figure‘é‘were associated with a VOlcano'teét score of 72%,
and represented the middle third of the test scores. The
pre-map shows a lesser amount of priQr knowledge when
compared to the pre-map from the upper third of the écores,
above. The pre-map rated 10 innts whiié the §ost;map score
came to 15. Each,incorrect relationship was marked with an
“X. " Improvément was more modést, at 5 points. This is a
typical comparison between maps associated with a mid-level
score and a high score on the volcano test.

Figure 7 shows the pre-map for one of the lowest
volcano unit test scores in the class, 41%. Note the
scarcity‘of prior knowledge indicated in the pre-map (7
points), with less improvement in the post-map (13 points)
than for the upper and middle two-thirds of the class. Some
learning seems to have occurred but not to the same extent
as for the maps that indicate a more enriched background to

begin with.

Group Results
Maps produced from the upper third of the class showed

increases in their scores of 4 to 27 points from the pre-
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map to the post—map,’averaging,l8.5 points.iPrior,knowledge
COmbining with new.kn0w1edgevisithe most likely factor
1nvolved in such a substantial gain in complexity and
richness of these concept maps .
| Conversely, pre maps that contained ev1dence of
limited prior knowledge showed a: markedly lower increase in
scores on the post maps One actually decreased from 13 to
-9 p01nts for a —4, another broke even at a gain of zero, |
and the rest'galned up to only 15 points. The average gain
waS'just 6.1 points.. |

Concept map scores‘from the middle'third of the class
shOwed a gain of“2‘tov21vpoints,from pre; to post—map,
averaging an‘increase of 7.4 points. One post-map had a
‘ slightly‘lower score than the pre—map, but its lnltlal
. score-was~22‘and‘the.postfmap scored 20; so the decrease"
was not great. | “ |

If the,volcano unit test can be relied on to
accurately predict the development of knowledge about
vvolcanoes, concept mapping may'not benneceSsary. However,
when viewingxthe maps associated with the loWest test
vscores,'therepis evidence that some learning has taken
'place; Perhapsvthe test ‘questions did not address the
: pieces of 1nformation learned or there'was°confusion about
the questions. There may ‘have been confus1on about concept

 mapping as well.
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But even when test deficiencies érestakeﬁ into
account, low post-map scores associated with the lowest
volcano test scores show that there‘was little new
knowledge constructed, while the organization and
'complexity of knowledge made an obvious advancement in
those concept maps associated with high scores on the

" volcano test.
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CHAPTER FIVE

- CONCLUSIONS AND IMPLICATIONS

As mentioned in chaptets one and two, many researchers
heVe‘found thatbnrior learning'is of the greatest
importance when a learner is”confronted with new
| information and muet rebuild or add onto existing knowledge
structures. Students who enter a learning situation armed
- with a rich and varied background and whose knowledge
 structures already have some foundation, are better
prepared to learn more. They'can.incorporate new knowledge
into the old, and rearrange their widening knowledge
' structure as necessary.

New constructions and rearrangements were evident in
many of the concept maps associeted with high scores on the
volcano unit test. When students eXhibitedvlittle existing
knowledge in their pre-maps, it seemed that they had too
little knowledge to build upon and.could not demonstrate

large changes in knowledge complexity on post-maps.

Evaluation of Prior Knowledge
Concept mapping prior to instruction can be used in
. two ways. First and most ebvioue is as a tool for
evaluating existing knowledge{ much iike a pretest would.
The teacher can find out what knowledge structures already

exist for students, and may be better prepared to provide
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additional direction for thésé who lack the background they
need. However) it is difficult to énVision California
secondary teachers with five or six clésses»df thirty to
forty studénté béing able‘to individﬂaliie and téilor
instruction for éach student; Because oﬁ»the large ﬁﬁmbérs
of studénts"ih classes and the'time‘commitmént required to
thorbughly evaiﬁate-conéépt maps, concept'mabping would be .
a more féasible élternative-to pre;testiﬁgbét‘the

Velementary'schOOl'leVel‘than at the‘secondary school level.

Métacognitién
"gThe second way»conéept concept mapping may be used as
an assessment requirés'studéntsvto think,about“their own
'learningtconstrUCts.-ancept_mépping éaﬁ éssist students in
bécoming moreﬂrefleétive about their:OWQWlearning by

comparing their-pre—maps.with‘their post—maps.

Checking for Understandihg

Juét as theFCOnCépt ﬁéps Were_used in this action
research project} they can be a tool for evaluating the
leérning of newlconceptSQby.comparing pre—instructional
concept maps to qonceptvmaps made»after instruction. Not .
only do concept maps contain newly in;roduced‘wofds, they
indicafé how;thé léarnér has arféngéd_fheﬁ‘in the hierarchy
of the‘subjéct méttér. Mistakes such as erroneous

‘connections, inaccurate groupings, and improperly used
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terms key the teacher into the”student’s'ievel of
ﬁnderstanding. The-teacher can aid the student‘before the
errors become,soiidified Within the student’s new knowledge
>structure. As the learner makes the necessafy
}rearrangements, Such changes should-be‘metacognitively
reinforced as opposed-to test questions being simply'mafked

wrong.

'Start Concept Mapping Early

Concept maps may be used to evaluate the increase in
knowledge, compiexityvbf constructs,’and rearrangement of
old ideas to accemmodate new ones. These maps may also
serve to warn teachers and students of the potential
failure to learn new concepts due to the lack of adequate
concepts upon which new knowledge is to be constructed.
Students should be taught how to use concept mapping &as. a
.tool much earlier than:in high school. Iﬁ this way they
will beeome not only ective,learners, but aware learners,
understandihg themselves and how they learn and construct
knowledge. |

Concept mapping has the potential to prevent—or at
least reduce— the threat of failure by allowihg students to
understand how they learﬁ. Its use improves learning and
decreases the aﬁxiety of confronting new information.
‘Concept mapping deserves,the time and effort required for

learners to use it and for teachers to use it»effectively
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as a teaching and assessment Strategy:

Further‘Qnestions
In this action'reSearCh'project, representative
' conceptrmap seores.showed-an,increase fron the pre-
instructional concept mapvto the post—instructional concept
map by 87.5% of the students in the classes. The fact that
there were increases in the complexity (number of
relationships and levels of’hierarchy) and richness (more
accurate terms and words) of the maps should‘not be
surprising. After all, the second map was made after almost
four weeks of instruction and practice.

The remaining 12.5% of the matched pre- and post-
conéept maps showed little or no imprévement and in some
cases a lower score on the péstFinstructional map: The
absence of any gain between pre- and post-map scores
1earning is perplexing, Sincé prior knowledge seemed to be
suchvan important factor in student learning, it might be
valuable to compare the backgrounds of those students who
were abie to successfully demonstrate their'learning
through concept maps with those‘students who were‘less
succesSful. Which types of experiences have led students to
a knowledge rich in science content and understanding? How
do some stuéents‘iearn to construct their knowledge in a
manner which allows them to tap into it with ease? How do

culture, language, religion, and other social and external
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conditions affect learners’ abilities to collect new

information and process it into new knowledge?
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