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o ABSTRACT * -
THE USE OF CONCEPT MAPPING AS A
STRATEGY FOR nsmcnongl. Drssmn_
~ IN'A UNIT FOR HIGH SCHOOL BICLOGY
. ' . ‘Giovamni Telaro ' “N\ L
In this thesi.e the emphes.ie was placed on an altemete

) mtional strategy called "concept mapping". - An. attempt was

made to compare the effects of two instructional strategies which

% a concept mapping epproach and & traditional teaching practice

. fdra bilology unit in a Human Biolog course, ‘The interaction of

'~

-

students* ability in readi.ng and the instructional treatn;ent was

also investigatec’i econdary school biology students were first
assessed for reading ability ueing the SDRT. ALl groupe'ww'e .

‘required %o write three ﬂ&estsx a pretest, & midsession test and a

.

posttest. .l.n affective questionnaire was also administered buf "only

to the concept mépping group in order to eolicit students e\titudesv,
beliefs and judgments about the concept mepping methodology. The*® \

first findingof the study wes that reading ability interacks significant-

1y with the acquisition of biology content;‘inc’femenfs—in"sc—o:-es from T

the midteet session to the poettest session also indicated that hig_)

level concept mapping students performed much better than the same level

students in the traditional group. Finally, an analysis of section 2 .,

of the posttest, designed’ specifical.‘ly to measure relation among oeoncepts,
illustrated that students of ldwer caliber perfomed sigxificantly bette f
on this section than their traditional counterperte, which helped to

' ! '3
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partially sonfirm the main hypothesis, When- carefully Integrated

into ﬁonﬂal class'room mocpme, cc?fcept mapping can function as’ .

an. ei:feqtive, instructional tool.
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s e ' /Chapter 1 7 . -~ P
'/ Ratdonale '

Historically, teachers have addressed.each of their classes

.as a single group, and have rarely varied -the assigments, the

requirements, the tests, the instructional methods, or the grauing

‘system so that they correspond with what students are capable of

produciné. With the adveht of technology, varieties of strategies
were promoted to ensure t.h}’ﬁ”everyone ledrned. In public schools
many programs wére changod in order to adapt to thé new technolog.y
but many of these did not succeed in making the best use of students'_
individual learning-styles. Moreover, even though the concept of
individual \dif'ferences’was well recognized and respected, this
important principle of learning was not integrated into the day-to-day
practice of subject. matter teaching. This has been due to the faat

that the teacher's task i1s simplified greatly when all members of the

- class are engaged,in. the same activity at the same time to achieve the

same goal.f The task became somewhat more com;].icated when individual .
differences emanded that even given a s:lmgle univeraal goal for all
studen’cs, differerrt. instructional strategles must be matched with
different sttdent capabilities. Hence, there has always been a

- ¢ .
divergence between educational research and educational practice.

Some serious discrepancies have resulted in the field of instructional .
'practi:ce. Many methods have not facilitated learning and understandipg

of sybject-matter in the classroom o the extent anticipated. Landa

‘e

-




(1976) ‘has. reninded us of -this reality vhn be declared that "ths - * -
discrepancy between what students are able to learn by attending *
school for a given period of timc and what they shouJ.d learn is

continuously increasing" (p.29).
’ One discipline where this dﬂ,screpﬁncy héc been :bvious is the
b‘iology curriculum at the high school level. Biology is often a
difficu];h subject for many people. Because they were unaucces(gi\ul
ig; mdcrs'candiné high school blology, cduls “often kncw li‘t.t.le

about their bodies or their .environment. High’school: students

‘*tly have a hard tine wderstanding the content of blology .

A

becsuse of its highly conceptual nature, oy
f'

A new mnmctiv{)in biology. and science education. One of the

probable reasons wlv the teaching of biology has encountered problems
was that ¥t has been toco zealous in producing a bat.ter curriculum.
It has concentrated so much in presenting the subject in more
) efficient and ggreable ways that it 'has largely ignored the far
more basic question of "how to facilitate learning”. The implicat.ion
ihere,-is that there has been a tendency over the yeara to consider
more seriously the problem of how one teaches biology than the
,;problem of how students learn biology. In other words the field of
leamn ressarch has not been sble to provide nethods that can o
".adequately faciiitato the learning of subject content in the classroom.
Since ‘biology and science education as a whole stood in need of a new
'fccua, that focus could have been on how to make biology end sclence .
easier to understand, Hertig (1976) and Yager (1981) have advocated

\
\
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" her study supported .the hypotﬁesis that students are more academic-
- A‘

]

that there can and should be more serious imrestigations by teachers
into the problem of how. students learn the discipline.

* Douglas (1979) " has developed a means of teaching biclogy so that
information would be mentally mt;re palatable for students if it were
presented in a form thqy ‘were best able to process. She imrestigated
the interrelationship between the ability to think analytically and
the sequencing of teaching materials, but her study.also included the
ap(pllcation of an indiv:ldualizgd lea;miné strategir. The results ‘o‘t\‘

ally successful in learning biology when the instructional materials

1

“they use complement. their style of think:\.ng .
~ "Mat b_;gg ggg._ ive st tyles’ to :Lndividualized instmction. The recent ,

surge of interest in cognitive styles origimated from a cencern for
. ,__) ~
individual differences. Qr‘er the last decade, research on cognitive
styles has been the.object of ’methodological refinement and empirical

. substantiation. Messick (1970}9rf9r example, ,listed and described nine.

3

sepéra‘bq cognitive dimensions that have been the object of systematic,
theoretical and empirical examination. - \ o

gnitive. style has been defined as‘ i_ndividual variations in modes
of perceiving, remembering, and thinking, or as distinctive ways of
apprehending, storing, t\r.ansgérmin'g, and utiliz,iné‘ infdrmation
(koglm, 15971). Douglas (1979) in her study, recommended that individual-
imtructi.on should employ teaching materials to complement each
student *s method of thinking She studied the efi‘ects of two teaching
‘strategkes on two different types of thinkers, analytical vs® non-

-, , ) :
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! i -analytical or global thinkere. Highly analytical students did : -
better with' inductive strategies and highly global students did ‘
. better ‘ﬂ.th deductive materiale '
a \ Although the- study by Douglas (1979) was valid within a resegrch
context the followi.ng query nevertheless is raised: how valid can a l
,study be when its recommendations can hardly be implemented eepecial-
I 2N ly in the domain of public education? The fact is, that in most

. . - / -
public schools,- it is still virtuelly impossible for a teacher to

izefd instruction. Cost is another constraint wthat cannot be ignored.
r . We can b.e almost certain that whatever teaching strategies we use .

¥

" at whatever cost, students will never react ideally (Joyce, 1980):

- ' . ~ Biology M - o}‘iented instruction: theory or practice? The
. teaehing of biology has often been viewed as a method of learning R

. based on inquiry or diecovgry. Egan and Greeno (1970) interpreted
- learning by discovery as being a method by which students proceed byt

*

solving probleds and generalizing with very little initial information.
Formal ‘thought is ueually required for eucceeaﬁxl inquiry because the, ’
student must hypothesize abstract concepte to successfully reach a
solution. However, 1t was soon made apparent by the above autMre. '
that early adolescent students found learning by inquiry more

difficult than traditional rote learning.

Even though'many: biology prograxﬂs have purported the use of the

L N
: inquiry approach, recent studies. of aecondary school science instruct—
ion have shown that few teachers actuellLr used inquiry-based 7
: e
r 14
N - -

. * 7

rigorously apply a type of scheduling congruent with that of individual—‘

48



approaches in their “classrooms. Surveys of selected Americean schools .
have demonstrated that 70% of the studerits safd that less than 254 of

teacher time was spent in inquiry teaching (Stake & Easley, 1978).

The reasons given were that the hecessary equipment and suppliee o
were hard to provide, and students had difficul y in carrying out
inquiries effectively. Furthermore, most teachers still continued

to use the textbook as their principal. source of instructional activity
begause students have had tregnendous difficulty in understanding "what
was going on". Consequently, students responded by rote lean/ﬁ.ng few

dq.finitions of terms, and by seeking attention through various forms

v

“of ?isruptive behavior.
Main obcht:ﬁro of this thesis. Very little has been done to stress the

facilitation and understanding of concgpts and % ormation in biology.
There has beemy a steeP failure rate on m'inistry examiriations for the
' past number of years (Dufour, 1981), suggesting “thatt the traditional '
manipulation of the subject matter has proven ﬁze‘i‘foctive: The
emphasis:/in this thesis was expressly placed on an alternate «strlategy
t::a'.\.led concept mapping. The concept mappi(n'gt’ approach had its origin
with Ausubelian learning theory. Concept maps are diagrams indicating
relationships between ﬂgoncepts, but more specifically, they can be
. seen as hierarchical diagrams drawn along vertical and/or horkzontal
dimensions and t/hat attempt {0 reflect the conceptual orgenization
of a discipline or a segment%oir a discipline,

It wa; the purpose of the study to show that some of the

theoretical ideas cited by Ausubel could be applied to echool science

N
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leurning. more specifically to biology learning. The literature
has revealed that concept mapping has been mainly applied in.'the,

. college and university setting, and where it has proven quite

'successful (Bogden, Note 1; Moreira, 1979). But empn'ical evidence

*from the primary and secondaty school setting is negligible\ The
aim of this study was to apply the concept mapping strategy in the

5

biology classroom,\\and compare its effects to «;.he traditional

manipulation of the\ 1nstructional materials, 4

This .approach of facili:fbating and improving learning finds 7
theoretical support in thevork of David Ausubel. A@i’aubel '8 (1968)
assimilation theory hag guided much of the research on curriculum
development but has been especia}lw useful in developing the concept
mapping approach to instructiou. The key principle in Ausubel's
thoory is that any new learning is highly dependent oni:the adec;uaéy
of relevant ‘concepts.’ These concepts derive increasing meaning as
théyt become Megratedl into a progressively more complex conéepbual
framework. Gowin'(Not:e 2) defined concept mapping ap a technique of
analysis where one can show on paper a conceptual structure, which
is a cluster of concepts knd the way in which they are related.
Moreira (1979), Stewart, Van Kirk and Rowell (1979) are other
researchers who have investigated :onceph mapping and its potential

role in teachin‘;t\ Novak (1979, 1980a, 1980b, 1981) has especially

Scomménded its use, Concept maps in several senses of the word are

flexible tocds. How they are used and what concepts and relationships

are included are matters left to the users, within the constraints

4

/\.
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imposed by the structure of biclogy. The degre;a of focus cén vary
cqpsiderably, but maps can act to: (1) identi_fy major conceptual
areas to be covered in the biology) unit; ‘and (2) describe how major
conceptu{al afeas interrelate to pfovide overall coherence,

.In that biology requ‘ires the understanding of a multitude oi‘ ’
new concepté and t}le relationship among them, the most essential
ledrning ability seemed to be reading. The teacher canpot necessarily
assume that all students can}ree.\d sufficiently well that they would be able
to create copc;epi; maps. Furthermore, reading ability i‘s & valid and
relisble indicator of a> student's overall academic performance., A
student 's size of vocabulary and level of reading skills and abilities

are important factors affecting Mis/her attitiude®towards subject matter.
: A,

An individusl with inadeguate reading skills is much more discouraged

" by the inability to compréhend meaning and reject tasks than one with

high level skills (Russel, 1970). In view of the fact thut reading .
ability is both easy to assess, and is a potent indicator of success,

it was seen as a valid variable in’examining its int‘eraction with the
instx'uct',ional treatment. Sinc: students with low reading ability
encounter the nfst ‘difficulty with the-conceptual content, ::Lt'was

therefore contended that tl/1e concept.mapping strategy might prove to

facilitate their learning more than the highly capable, given that

they, could construct or use concept maps. . ,s
Also within the cont"ext.of reading ability, science textbooks
are often not suitable for students because they do not match their

reading level.~ Using an instrumer':\g provided by Kenedy (1979) and

~
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developed by Fry (1968), the ‘study determined. the reading level of
the biology text,boo'ks’used by the stu;ients.A This was cic;ne to insure ,\
tha: there would be no s;rious discrepancy bet;weén the bobks'
approximate reading level and the students' grade level.

P ti_ L .
. Summary. This thesis attempted to integrate two main areas of

inquiz:y which seem to be rationally related. Aus;;belian theory has
provided a gooi theoretical rationale for us:’_m-g concept mapping ir‘z
its effort'to irlcrease the efficlency of Mémtioniprocessing,
capacities to meaningfully absb;'b andvrelgte bodies of knowledge.

Since reading‘abi:lity is also an important factor in learning,. an

, )
" interaction in the students' reading ability and the instructional A

’

. ] .
treatment was also anticipeti,ed“. It was expected that there would

be an int,eraétibﬂ between reading ‘ability and instrugtional treatment,

with low reading ability students benefiting greatly from the concept

mapping treatment and high ability students performing equally well

under both trea epts.. - ’

4

.

In trying to focus upon the learner Sather than the matérials'
to be 1eamed,‘ this study has subscribled to the definition of educationgl
technology which emphasiées the diagnosis of educationalnneeds, the
design of effective learning systems, and the asse;smént of achievement
through educational measurement and evaluation. In implementing the

concept mapping strateg,w}, the study has attempted to satisfy the need

" of teaching biology 6 that information is more easlly /processed,

By working in closg collaboration with the respective teacher, this
f [y

4 | . m~
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stully also fulfilled the task of .designing an entire instructional 3

3

package, where instructionsal objgctiveé were identifiéd;‘-instrhct/

ional materials and activities were set up and implemerited-‘. Finally,

‘through the application of ‘séveral tests including an affective
. {‘

14
uestionnaire, the study has also been able to monitor the progress
¥ . ’
{f students, to form Some useful judgments sbout the characteristics
énd achievement of gtudents and QSpeciaJ_ly: a%beﬁs the efficacy of the

instructional strategies. -

o ~ L
h
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Chapter 2 ' ’ ‘ N

AN Revie% of the Literature

" The major compdnenté irwest\:\Lgéted in this study are the | ,
concept mapping instructio;xai tre‘?t.xpem and reading ability.
‘ These have not been. integrated é;lé\ewi'xere within the confines of
.any 'empirical inquiry. Concept mapping-has roots which are well
.ancho_r‘ed in a specific learning theory. When viewed as a tool
in facilitating the teaching and le \_i.ng of concepts and propositions,
the framework described by Ausubel (l‘}éS) seen;ed most. appropriate: ?
Ausx'ibel's model i8 aimed specifically at %;he learning which takes .
" place in schools and has assisted considersbly in building a
theoretical basis for learning in schoof!. Lgettings. Since concepts
play an impprtant rolé in school learning and,in the mastery of
sﬁbject“matt;er, speqial attention 'is given to the discussion of
"coﬁcepts", and thc;irj function in concept map;\aing and bgsig ini‘oma's.ion-
processing. It was also within the scope of this study to examine

the effects of reading ability on achievement. '

'
A

Ausubel's assimilation theory \\
Much research has been done dealing with leaxsping theory and the
. \

ngtui'e of knowledge production. Researchers such aS\ Pavlov, Ebbinghaus, and

\ .
Skinner have all exercised some measure of control and had very little .

\

~ .
direct relationship to ordinary classroom learning. ]‘.‘p a recent study of
a kY \.

behavior in primates, Terrace, Petitto, and Sanders ,(l‘}(‘)) have found that

. ® \

4 ‘\
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concept learning is central to rational thostz. -
- P

. .
there is only a narrow na}‘gin of similarity between human concept
formation and animal learning even with learning by apes.or

WA !

chimpanzees. Though human lahguage uses many levels of structure;‘

the sentence represents a main aspect of commmication. The

. sentence subsumes the wc;rk whose meaning is only arbitrary. Unlike

words, most sentences cannot be learned individually., Psychologists,

psycholinguists, and linguists are in general agréement that using a

. human langusge indicates knowledge of a grammar. How elSe can one.’

account for a child's ultimate abiiity to create an indeterminate
number of meaningful sentences from a finite mmber of words?

These .cons_iderations h;ve led Terrace et al to -conclude that

"an ape's lhangupage learning is severely regpricted because they can
learn many isolated syﬁbols (as can dogs, horses, and other non-human

speciez) but they can show no unequivocal evidex}ce of mastering the

.conversational, semantic, or syntactic organization of language®

(p.901). In any case, there is general agreement today that human

7’

David Ausubel (1963, 1968, 1978) has provided perhaps the most
usefui paradigm for the type of learning going on in schools,
especially to the type of lem involved in science education,

A full discussion of the relevance of Ausubel's theory to education '
is available elsewhere (Novak, 1977), but particular to this thesis,

his assimilation theory has been especially useful in the development

* of the concept mapping approach to msti'uction. Concept mapping

_ seemed to be a wuseful strategy for demonstrating how some key

11

\
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‘concephs in this theory can work. Thi key concepts of assinilatio'n

theory are subsumption, progressive dil'ferentiation, supero;dinéte

l.leax"ning, and integrative reconciliation. These need to be briefly

-

considered because they have helped to promote the use of concept

!
. A

maps in instruction. j
Stugient—conatﬁich@ncept masz’ have shown that they can ‘
encoursge new 1e9rning which involves subsumption because studenté
constantly use new propositions to elaborate and refine concepis
they alr;q(b' know or are femiliar with. Consequently, concept\ maps
.can hélp th08.e concepts to \derive increasing meaning as they become _
integrated into a ‘progreﬁsively more complex conc;ptual framework.
Novak (1980&). has {llustrated this with the use of the concept of a
'‘pPlant ', l:le showed that ::t,he concept plant £acﬁitates s wide rhangen
of new learning when it includes relationships to the meaning of
photosynthesis, evolution and development” (p.60). Thus a progressive
differentiation in the meaning ’pf the word 'plant' results over time ’
from sn ontogenic point of view. )
Concept maps can also show new relationships between two or more
fanﬂiax: concepts &8 students learn new and more inclusive *higher order"
concepts. Novak (1980b) pointed out that "when a biology student learns
that fish, rt‘spt:l’.les, vwhales, dogs, and humans are all chordates, some
new superordinat;e learning is occuring” (p.284). Finally, the last
key concept which is probab]; always occuring to some degree vith
subsumption or superordinate learning, Is integrative reconciliation.’
Concept mape cdn accongdate integrative reconciliation when studemts -

» . /

#
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recognize that their maps have two different- concept labels which
have essentially;the same meaning, whereas before they' were seen as
unrelatzed. Novak (1980b) d&nonstr_aied integrative reconciliation
using the chordate example agairi'. He pointed out that "students

probably begin to understand that all vertebrates are chordates, but

not all chordates are vertebrates. The students' concepts of

[

“vertebrates, fish, shark animal, and chordates are integrated into a

somewhat altered meaning structure. The students' cognitive maps
so to speak, have some new connections and maybe have dropped off
some less precise old connections” (p.284). All of the above
concepts in assimilation theory can facilitate meaningful learning.
But this leamihg is dependent upon the idiosyncratic c?ncepts
individuala hold. These are derived .from the current concepts held
in society, impinging on the individual. |
Another key idea in Ausubel's theory has been his "advance
organizers", and the role they play in facilitating mean:lngful 4
learning as well. Advanc@ organizers have been succinctly defined
by LeFrangois (1979) as concepts or ideas that are given to the
learner prior,’ to the material actually to be learned. According to
Novak (1980b), they are a kind of cognitive bridge; they serve to
link some relevant concept or proposition in the learner's cognitive
structu;;'e to the new concépts or propositions aone wishes to teach.
The pedagogic value of advance organizers cbviously depends in part
upon how/;ell organized the learning material itself is. Though it
is usgal]y up to the teacher to determine what example, analogy, -

13




met aphor, model, a capsule of knowledge will serve as an advance
organizer, students, not lmowingly, are using them a8 uoll in the

-q

process of constructing concept maps. Since the fi,;:st step in

"concept map construction is to list concepts or ideas from a given ,
m\/ . ' .

parsgraph or unit, students are in effect getting a genei'al overview
o{ the key concepts they have to subsequently lea'rn.-\\ Simultaneouslj,
these students are providing themselves with an opportunity in late; *
gecalling information that may be relevant to the understanding o’f- a

future lesson or unit. Again, concept mapp:l.hg can show, how 'another

key idea in Ausubel's assimilation theory may be elucidated in terms

of actual instructional practice.
Once more, the most important single idea in Ausubel's theory

) “ )
is meaningful learning. 'Meaningful learning occurs when new

, knowledge is consciously linked by the learner to existing concepts

or propositions the learmer already knows.,  Novak (1980b), elaborated
further on this idg_a,“andvhe proposed that"in order to achieve a
learning, three conditions must be presents (1) the new material
must be inherentiy meaningm}; we cannot. meaningfully learn

randomly scrambled textusl material; (2) the learner must have a
meaningful learning set, that is, s/he must actively try to link new
knowledge with existing relevant knowledge; (3) the learnmer must

possess relevant concepts" (p.282), In view of the above considerations,

it follows that the challenge of the instructional designer is to -

_ select examples or activities that will allow learners to assimilate

new concepts (or ‘'new elaboration) to be learned into the idiosyncratic
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conce‘ptual framework t.;hey already have.

Reception 1@ as. a theory for ‘sg:hool learning and instruction.
The verbal expoaitory method has been used in schools many years '
' before Ausubel's (1963) meaningful learning scheme. BEven presently
it is still the chief mode uby which information is comnigated. )
Although educational research has been exhaustive in producing models ¢
of teaching, the .reception learning paradigm has been able tc; with-
stand the test of time. Reception learning has been defined by
Novak (1979) as that form of learning where the regularities to be
learned and their concept labels are presented explicitly to the g
learner, and nee‘dless ;c,o say, é very. large proportion of school learning
is basically of this: sort. In contrast, discovery learnirg 'in its pure
form, requires that the regﬁlé.rities in objects and/or ;vents are first
discovered by the learr;er, abstraéted from the general context in which
they occur, and perhaps given a concept labei’, although tl';e latter is
Cnot part of discovery learning per se. In actual practice, discovery
learning occurs primsrily with very young children in the process of
concept formation, This type of learning hae been congruent with
- those who have investigated the growth of conceptual abilfties as-a
function of age (gruner, 1966; Inhelder & Piaget,,l96h) and who have
conseqpaently stimulated a great deal of thinking around methods of
discovery learnirg. As Novsk (1979) recalled, concept formation
" occurs when for ~example, ehildren discover that all things with
four legs, a tail, and a bark are called dogs by older persons.
Most discovery learning in schools is aé:tua:l.‘ly vaﬁous levels oi‘




IS

~

2 g ~

, guided discovery learning, and a continuum from a pure receptior}
mo:;e of learning to a pure discovery mode of learning is observable.
Since learz}ere have different, abilities in assimilating new knowledge
into cognitive structures, it has 'bee( shown by Ausubel (1968, 1978)
that this kind of ‘continuum engenders another kind -of continuum which
ranges from almost pure rote learnming to high]y meaningful learning.
Consequently the implication has been that learning should be
less rote and more meamingful, and that instruction should be planned
in such a way as to change arbitrary, verbatim information to a type
of informatibuhich can be consciously linked to existing, specifically,
relevant concepta and propositions in cognitive structures. Some of
these key elements have influenced recent researchoi; sclience education,
and have especially aided the development of concept mapping. If one
accepts these elements in ‘relation to learning, the importance of
concepts. and their relationsl}ips to each other in teachix;g and learning
become obvious,
ncépt_maps, The concept map has been described by Stewart et al.
' (1979) as a dev:l.ce for representing the conceptual structure of a
discipline or a segment of a discipline, iri two dimensions. 'I'he
linear, one—dimensional organization outline was a traditional way
of repreeenting information about a subject. Because of itsﬁ added
_ relational dimension, howg:er, the concept map Has been much more
‘suitable for pepresenting the prorositiogﬂ relationshil\as among -
éoncepts. Without being overly simple, concépt. maps can be ‘thought
as being like roadmaps on which cities (concepts) are linked by

‘.
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major highwaya (propositions) The basic unit of the concept map.
is therefore the,mconcept™.  °- i
~ ' Despite jmuch usage of the term concept in educational writings,

a ‘standard definition of "concept" as reported by Markle & Tieman

- (1970) is. that"it is a class or categoy all the:members of ‘which

share a pax't.lcular combination of critical properties not shared- by
another class./j A more conveirent operationgl definition xéovided

by ‘Gowin (Note 2) is th%t a con“ceplt_ is o ‘aign or symbol that refers ta
regu'laritiéa in events and in records-of-events, If conc',ept.s are’
_though’t. of as words, words become records of concepts, and t‘herefore‘
?:oni:ep‘.s become the facts of language. Words ai-e vehicles for concepts,

. £ .
. which in turn becomes the medium of exchange in free communication.

" This view on the meaning of cong:ept. strongly concurs with Gordon Pask s

(Note 3) formulation of sf.able conoepts with:m his Conversation Theory.
Pask characterizeg the notion of a st%ble concept as being a cluster of.
who'lly or partly coherent language processes, undergoing execution in
the processing medium, and is organizationally closed/ insofa.r as the

procedures are themaelves reproducible from ‘other conceprts by operator .’

The basic belief in'Pask's rhetoric is that concepts aré also, the urdt
of conversation and. dialogue, and pa;adigmatically. ‘the language r\}

dialogue is 'concept sharing" bet.ween people.
While Pask and Gowin seem to have a common point of agreement

with regard to the’'role of 5oncepts in human !con'veraation, there. is .,
3 oo
hoyever a divergence in their viewpoints/ Pask regarde”a concept. as
a skill. is not committed to whether it is executed in an internai .

o4
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medium, like the brajn as an ™intellectual behaviour™ or partly in

an "external medium" involving,' for example, motor vehicles or rulers,

18

pencila and paper. According to -Pask, a concept is a plain skill, but -

he does not exclude the possib:.lity of it being an intellectual skill.
Gowin considers concepts more than’ just mental activities in the mind
or physical entities of some sort in the brain He deems that Vhef
are more like fluid evem.s rather than fixed entities. Words are the
records of concepts, but words are also the facts of 1angﬁage.
Essentially, he therefore finds that facts require three related
things:s the event which hap;“)e;aa, the record or the set of ?ecords of
tt‘{e .ovent, and the Judgmen't that the record is indeed the reeord of
the event. Th'usfthese three”characteristics are necessary to the

proper meaning of fact. Gowin emphasizes that when concepts or facts

are exchanged in conversatden, nothing is lost ‘and much is gained.

Iiﬂ‘ one person gives 'an idea to someone else and s/he gets one in
return, no one thep losee their. original idea and both g.ain each
other's, T

It follows from these preceding propositions thaii if instruction
is to be consideréd as s remarkably efficient process, it should fipst
be able to attain the criterion of an exchangmf factual information.
In order to achieve this, students should be exposed to methods or
sirategies that can greatly improve their ability to master this o
information. Hence, the :mfomation processing capability of

students and their individual differences should also be considered.
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' Concept ma - an alternative strategy to increase information- i

esa o Since the concept mapping approach has been considérably

% s

. ' influenced by Auaubal's assimilation theory, it can best !fit into
{ the family of 'information-processing' models. /EVen though it is
'baaicail;' a teaching model, concept mapp:i:ng was primarily designed
| to increase the efficiency of information-processing capacities to
' " meaningfully absorb and relate bddies of knovledge. According to .. .
3 Joyece (1980) information-processing models "share an orientation
toward the inforpxation—processing capability of students and ways
they can )mprove their ability to master information. They refer ]
to the ways people handle stimuli from the em'irgnment, organize o [
data,' sense prob]:ems, generate concepts and solutions to problems, '
) : and employ verbal and non verbal symbols" (p.16). Although concept .
a~ mapping does not claim to do all these things, it does maintain that

it can stimulate intellectual functioning with students' individual

differences in mind.

4

Informetion-processing has three éistinct but related levels
within the human sy’s’t;ﬁ (Novak 1980b). These are sensory, short-

D SR S )
e e WA

s term and long-term 1evels. Sensory information is acquired by our

eyes, ears, and other sense organs,[‘it is then transmitted to our

" information store. Sensory information is retained bri‘.efly, ' =

ALY

perhaps for periods of one second or less., Short-term memory

retains information for peﬂod's ranging from one second to thirty

secands, longer if constantly rehearsed. It is the system that helps : T
) 2 ! to construct meanings dnd manipulate images or symbols. Short-term P

:(\/__\. ' . .




e s i D2 S

. 20
”~ ‘ r D . *
\ \\ ¢
memary,is also known to hold information long enough in order to
be .pﬁluated and interprefed. Tha storehouse of lmowiedge we A\

carry with us is our long-term memory. This knowledge is used in
daily tasks of all kinds, and sssists in the interpretation and
subsequent storage procﬁeas. PN
Fundamentally, ‘memory has been d'efined a8 the retention of
learning (Hebb, 1966). As such, Hebb (1666) has emphabized that
(. "t must be a lasiing modification of transm:i.sésion paths, something
) - uﬁ;lich concerns the relation between neuronsw (p.122). Therefore,
it follows that ne’wly ac:‘quired learning must be left und:{sturbed
for sometime if it is to last. This process, in physiological
t’eams; has been called 'consolidation'. It) seems that in the case
& of long-term memory, consolidat,ion ‘has to last long enough in order

to make learning more meaningful. It has been shown _by Novak (1980b)

\ that short-term memory is only a pathway by which knowledge input

reaches long-term memory centers. And the transfer of information
from short-term cenéa to long-term centers occurs along a two-way
path. In contrast ii';o the limited capéc:tty of short-term memory,
long-term memory has an almost unlimited capacity provided' it is used
effectively. It ‘is mainly through their methodologies that educators
can ,heslp students absorb new lquledge into their long-term memory
in such a way that most new, learning is facilitated. As mentioned
earlier, concept mapping can repreaent‘an effective methodology in -
allowing the transfer of information from the students’ immediate

S|
memory to their long-term memories and vice-versa. Though individuals

{



possess different periods of consolidation it can still hopei‘ully
enhance their ability to process :Lnformation according to their:
‘own cognitive stmctup&. It was therefore reasonable to view
concépt mapping as .a remedial in;tructiomil method that could be
* beneficial to all, but especially productive wj;th students of

low ability. . ~ .
Educational research on concept mapping. Research on the concept

mapping approach has been rather confined. Only two studies were

available for review, Moreira (19;79) and Bogden (Note 1). Morei‘.raj

(1979) 11lustrated the use of concept maps in the téaching of ’

electromagnetism. In his study, the independent variables seemed

to be the two approaches to the content of an introductory‘couz:ae

in electromagnetism for science and engineering students, One was

based on the learning theory of Ausubel, and th; other on the '

tra;?itional content ‘organization found in most temtbooks on the

subject. Concept maps were used in both aéproacheé, and the

dependent variable was the !results on specific tests which he

designed to measure differences in student.s' ability to relate and

to diffeventiate electromagnetic concepts. One of these tests was a
W/ conc'ept mapping' test which he administered at the beginning, at the

middle and at the end of the course. Although the aim of this

expe‘riment 4;wag\not to aht:m the advantages ‘of either approach and »

their influence on concept maps, it seemed that those maps conatrpcted
' under the Auaixbelian approachf‘showe& better conceptual relationships.

In another study, Bogden aystg!;ticam used concept maps in a

U i
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coilege—level genetics course. He construcfed maps with proportion-
ally large instructional components to correspond to the content of
individual lectures “in the course, and t{men uséd them as a focus for
discussion sections. Later on, he also g'gséd a geneticq concept map, )

to structure an integrative final examination for the genetics

course.

It is highly questionable whether these iy 5
real studies. It seems from the onset, that, “ both defy the
essen;:e of true educational reseﬁ‘. Though the intent may haveé
been respectable, both studies seem to be Jjust personal undertakings

with no real concern for the prospective scientific reader. Moreira's

‘study (1979), for example, was not an experimental design amd thus

failed to provide tile préper controls. Bogden's treatise, on the
other tzand, was not an empirical study at all. It was simply a well--
organized instmction:i design package using concept mapping as the
chief methodology used in the intended genetics course. The main
point of both articles was only to show concept mapping as a
potentially useful tool in the teaching of physics and genetics,
These references were notdeemed to be highly. suitable in the production
of the present thesis, but they represent the only. available and
related articles to the study at hand. .

Neither of the above stu&ies examined the effect of a specif‘ic
aptitude variable with the concept mapping treatment. This may have

been due to the fact that ATI research has been Yawfully unconvincing"

(Glass, 1970). ATI research is still too important to reject on such
» .

-
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narrow grounds. T}xis study h\aa therefore sought to estabiish the A
relationshiy between reading ability, a sighificant classroom
variable, and concépt mapping. '

Reading ability, Readirig ability seemed to be a useful vlariable
because it is a good ingieatéi and-perhaps one determinant, of a
student's academic achievement. It is a Tverbal skill that plays
f sut;atantial role in much of school learn¥hg. Most acfademic

"

subject matter involves the mastery of abstract verbal:concepts

-+ acquired through reading. The function that this ability has in

the logical organization and the meaningful structure of educational
c::ntent need not be emphasized. It was hypothesized bhen; that, the
incorporation of this “rariable within the parameters of the study
should help in making better predidtions of learning in the class-
room. Consequently, the aim o;.‘ this thesis was to regard reading
ability as an irrhellegtual skill central to achievement. According
to Gagné & Briggs (1974), intellectaal skills are "the capabilities

~ that the human individual is competent in. They enable him to ( :

respond to the conceptualization c;f his envi;oment. '1"hoy are tiue
mos£ basic, and at the same time, the most pervasive, stmcturq of

. formal education® (p+s23). Since one of concept mapping's basic
tasks involv@) the reading of subject matter content before actyally
mapping out relational concepts, reading ability seemed to be an

- ability which was iﬁ.gh]y c-olmpatibla in a possible interaction gith
the main experimental treatmexrh.' In school, low readers are usually

. confronted with more difficulty when faced with congep’bually laden

N
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.subjﬂct matter. Hence the concept mapping technique was hoped would

be relatively more effective for this level of students. THE téncept
map would help compensate-for their relative 1n§bility to manipulate
verbal labels and relations, assuming they construct an adequate map.

The major sections of this thesis have been mainly devoted to the
description of the concept mapping approach and its relation to learn- ‘ ‘

ing theory. The analysis of the reading ability was considered in

~ light of its likely effects on concept development using ‘concept

mapping as an instructional technique, The conviction that concept

mapping can be a. valuable tool in curriculum instruction, and perhaps

in evaluation, has gtemmed from the prelimir;ary research of a few
studies only, but as mentioned, empiricai validity was scanty. This
thesis has therefore accepted the challenge to pursue f\;rfher P
imeatigation'in the domain, in orde’r to add more evidence to the
precept, that there is a definite 1ink bstween learning theory and

tetiching. " : L
~ .
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Chapter 3
Method

This stud:f compared two instructional strategies, a traditional
teaching prgctgce-/and a /concept mapping approach for téaching a
b:télﬁg ;it in a Human Biology high school course. The instructional

5 strategies consisted either of a traditional teaching approach whereby‘
‘the teachir;g style was primarily teacher-oriented and w}jxere fhe teacher
used tl::e lecturing method in sequenicing the instructi?nal activities

) from available books and materiels, or, of a concept mapping approac;h

which mainly stressed propositionasl relationships among concepts using
the same books'and materials. The second independent variable, reading

'abi]_ity was measured by the Stanford D;’Lagnost;lc Test:t ‘ialue Level

(SDRT) (1974). Reading sbility wes included to see if the reading level

of the students would influence the relationship between instructional
. strategles. Three levels of reading ability were differentia%ed by
) the\ subjects' scores on the SDRT. A third variable was also examined.
A1l groups were required to write three tests: a pret;st, a midsession
test, and a posttest. Thesé& three positions were designed to assess
the possible differential effects of concept mapping development with
reading ability over time. ' .
The design consequent\ly followed a mixed-group design format

(aeev Figure 1), In this format, two .varisbles were independent and

fixed, and one more factor wes repeated. The three independent variables

’

/s
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* The pretest, ‘the midsession test and the

posttest represents the repeated indep‘énﬂent

" variable.
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wers the atrategios‘ and the reading ability o‘f the students, and
the repeated variab\lg wae the test interval.
Subjects - | | -

The sample was made up of secondary 4 and 5‘students of both
sexes, and ‘who had chosen Biology 412 as an optional course at
Lester “,B.‘ Pearson Comprehensive High School. Most of these students
came from similar socio-cultural backgrounds. This school serves
a community which is essentially made up of” first and second geﬁeration
" immigrants, The sample of subjects originated mainly from a population
" of Italian ethnic backbround. The first llanguage at home was probably
. diffex“ent from the one used in ihg school, which was a furt‘her reason
for the inclusion of the reading ability component.
Materials ‘
One test was used to rank the students on their readihg ability.
The ;DRT, Blue Level, is gble to measure phonetic and structural
analysis, reédi.ng vocabulary, literal and ;lnfererrtial comprehensilon,
reading rate, scanning and skimming of the students in grades 9 through
.12, Since the purpose of this aEudy was not really to assess the
students' ability to scen and skim to increase reading efficiency,
the author did not include suibteata 6 and 7 of the SDRT. Hence
'only subtests 1 through 5 were administered. |
Two instructional strategies were used. The first, as mentioned
earlier, was a traditional approach to téaphing biological science.
In this fashion, the normal classroom teache:q covered the content

of a customary unit in the Biology 412 curriculum.entitled, "'The

” ‘




Nervous System". The teacher sequenced the 1;anﬂng of this unit byv
following the main out‘lin’e‘of the program prepared by the Ministry of
Bducation of the Province of Quebec (MEQ). The main method was
lect\fring‘ using tpacher and professionally ;jrepared materials., This
.included the use of the. overhead project{r, "slide projector and‘ film
strip projector. The unit was compleﬁ'tnteq by having the students do
a few standard practical laboratory e);tercises. This strategy as well
as the second strategy was print-based. It derived its content chiefly
from two main sources: Modern Biology by Otto and Towle (1973), and
Human Physiology by Morrison, Cornett, Tether and Gratz (1977). Both
these texta\ have readabijity. levels that ffall within grades 9 through ‘
12 according to ii‘ry's (1968) formuls for estimating levels of reading.
‘l\'he se;ond strategy made use of the same printed materials as theé
first. The main difference was that instead of following the basic
methodology exposed above, the instructor followed an approach which
baseld jtself on a more 'meaningful’ l-earning strategy. This approach
attsessed the crucial x;olg that concepts play in guiding the production
of new knowledge and in mesningful (as distinct from rote) learning.
The st\tdents i.n thg experimental gro{xp were shown by the instmgtor )
howto construct propositional charts and concept maps from the main' |
texts. They were expected to construct their own maps soon after. '

©

The unit was ‘complemented with some laboratory exercises in this
- .

group also. -
The pretest, the midsession test, and the posttest consisted of

qﬁestions selected from a pool of mmerous objective questions from

¢
4
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past provincial examinations, questions prepared by the authors of the
textbooks mentioned above, and by t,eacher—prepared queetions. ’I'hese
tests were administered before commencing the unit, during the unit,
and after the unit was terminated. Section 2 of the final posttest
had a special function in the process of assessing the achievement of
thoSe students involved with the concept mapping strategy. This section
was designed in order to evaluate the students' abilities in learning
relationships among concepts (see Appendix C).

During the last session before the beginning of the next unit,
an affective questionnaire was also administered but only to the

concept mapping group (see Appendix D). The quéstionnaire was composed

_of 12 statements and 2 open-ended questions, all formulated to solicit

students' attitude, beliefs, and judgments about the concept mapp
methodology. All responses were quantified along a Likert scale,
excei)t fof the last two,

Procedire, . .

The SDRT was administered during two sittings in the first week
of October for the 1981-82 school year in both groups of subjects.
The raw scores from these tests were converted ‘into-average percent
scores which were then ranked in order to isolate three reading‘ abilit
high, medium, and low. lThe t‘wo classee wereacomposed of students who
had rﬂgistered in Biology L% from the previous school year. The
requirements were that they had to obtain a 60% passing grade in
and that they were not failing more than two other subj/ects.

Administrative constraints prompted these groups to be intact. Each.

’ 2 N rd
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of the two groups was névertheless randomly assigned to the experimental

.or c’ont.rol condition. As mentioned earlier, the experimental group received

the concept mapping instruc;.ional treatment, and the control grdup received ‘
a tradi‘t.ional type of instruction by the same teacher. The}hpit taught
was the Nervous stt.em which involved the’ structures and furictions of. -
the nerve cell, the n'erve impulse, the central ner;rous s;:stem, 'and lthe
human senses. |

The experimental group's instructor was given careful training .
regarding the mpleqmtation of the concept n;apping pl;ocedure. He read
studies by Gowin and Novak .in preparation, °emcl i'nte'g;‘ated the techniqﬁe

" into his normal chassroom procedure, He began the unit with a discussion

of the meaning of ‘'concepts' and concept maps. Five class periogis were

used to teach simple construction of concept maps from the content in
the main textbooks. During this time, atqgents ;vere also giver} time .
to practicé their own map construction, so that they acquired experience
in effective reading. Some of these maps were used as a basis for.
discussior; in\ order to emphasize the meaning of concepts,v Finally, .
during the remainder of‘ the t::lass sessions, students were also askéd

to produce four more concept maps dealing with the following coﬂr}cepts:
(1) the spinal cord; (2) the reflex arc; (3) the external ear; Iaand‘ ‘
(‘h) the middle ear (see Appendix R). These particular concept mapé .
were collected and then graded on a five point comprehensive scheme
developed by Novak (1981)}@ Students were told that these maps were
important, and they represented a.fraction of the te%;s grade',

“ L.
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A pretest was administered in both gfoups during the claas 'period
before the actual unit began under the guise of general information

gathering for the course. A midsession test was also given. This

<

t.ime each grOUp was told that this test would-be assessed in partial

fulfil]ment of the: term's grade. Students were forewarned at least

one week in advance. The students wrote the final posttest during

e

‘the fourth week after the initial pretest. Finally, during the

- very last class before the next unit commenced, the ai‘fecti\se .

PN

questionnaire was administered but only to those students in the

exper:l.mmtal group . - . o -

It is important to note that bot.h groups covered the same

| a material over the same perdiod of time. The time -spent by the

- experimental group learning how to ‘generate céncepts maps was not

additional, but included in the fixed sequence of sessions. o
e @ l' ~ N -~ ©
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The pretest, midsession test and posttest were constructedf S0

as to measure equivalent concepts throughout the session. The tests

" were therefore considered to be more or less the same with many items

being simply ;;a’raphraseskof one anotﬁer, whilef others were new, lbu{;'
assessing the same knowledge content. Nevertheless, to insure that
violations of repegted measuret; analyseé were not left unaddressed,

" first conducted v:ras a multiple analysis of variz;nce using the three

. tests as dependent variab}es. '.l‘herg analyzed were gain scores using

) ANOVA, *assuming tes:ﬁ equi;ralence, to see if different groups performed
differently oyer time, expeci‘ally with respect toc the trefltment.

Finaliy, an ANOVA on section 2 of the posf%‘e“st waé completed separately
because it was"specific‘a]:l'y designed to measure students® ‘abilit:lea to |
deal with conceptual relationships. oL

Individual dirfererfcea. Reading levels were first determined b};

administering subtests 1 through 5 of the SDRT to all s‘ubjects.- From
these 5 scores, average percent scores were ranked from top to bottom,

“and groups formed into reading ability levels. The average ranges of ) g
scores for each\group were: 68-99 (high), 56—67 (medipm), and
0-49 '\( ;\ow) . ' e
Main Bxperiment - -

N\ . . : L
MANOVAw The tests for homogeneity of variance on the th(ree -

o



!

de,pendenﬁ measures were'o;erved, with only the pretest in violation.

A t-test was therefore completed to ascertain the equivalence of the

treatment groups, resulting in t(42) = .86, The groups were thus
equivalm'r:, .and x;o further analyse.s were conducted using“the pretest.
Mesns and standard for all tests, levels,and treatments are listed |
in Teble 1, ' ' o
The only ;igrtificmt effect yielded in the MANOVA was folx{jlevel
of. redding, the overall F(6,68) = 5.?&,‘2 < +001 (Hotellings). Both

univariates were gignificant for the_,midsess'ion and posttests,

W, < . .
F(2,37) = 14.29, p<.001, and F(2,37) = 11.09, p £ .001, respectively.

The post hoc analysis using Scheffé's multiple comparison

proce&\u'e revealed that marked significant différences existed within

_the reading levels. On the midsession test, all reading group
* A\l *

cdinparisons were statistically different. High-low, high-medium and

medium-low comparisons we@‘(l y41) = 29, 1, p< .001, F(1,41) = 5,28,
' 2<.+05 and F(1,41) -

b < 0l respectively Finally, on the

postteat only, high-low and high-—medium group comparisons were

'statistically significant, F(1,41) = 22.07, 2( .001 and F(1,41) -

9.89, p <.005. - ?

in scores ‘midsession test to msttest). The increments in

scores from thé midtest session to the posttest session produced an

interaction between treatment and reading ability. A two-way -ANOVA
. ‘ ’ . :

for the interaction involviﬁg the treatment and readirg ability

. showed that there was a statistically significant effect, F(2,37) =

\

< NS
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Table 1

A1l Levels of Reading Ac¢ross both

Means and Standard Deviations on the three Tests for

" .
Experimental (Concept Mapping) and Gentrol (Traditional) Groups
“ \
, READING LEVEL
| _ GROUP HIGH MEDIUM LOW
| v EXPERIMENTAL n = 6 * 10 8
PRETEST X = 40.00 27.00 27.50
SD = 21.90 12,29 ° 7.07
AN
MID-SESSION TEST i“ = 60.33 . 50.20 37.13
‘ SD - 22-20 9.86 i 16-37
POSTTEST X = 75.50 60,70 50,00
A 4 SD = 15.72  16.28 14.81
3 ) ‘ CONTROL n = 8 7 / I
- PRETEST X = L43.75 25,00 31,25
SD = 15.29 6-‘}5 10030
% .
MID-SESSION TEST X « 71.38 542.71 29.00
78D = 13.46 18.05 11.46
P(Bg'l'ET X = 775 54,14 4. 50
! SD = 14.78 11.17 5.7L

30N



3.24, p< .05. ABble 2 shows the means ard stendard deviations of |
the g;ifx scores for both groups., Figure 1 graphicaily represents
the reading level X treatment interaction. * |

Additional analyses using Tukey's test revealed that there were
three specific interactions between ability groups. The first
interaction which is qléarly shown by F.;Lgure 1 demonstrates that the
coﬁcept mapping treatment favouréd the high level students muchv more
than the same level students in the traditional treatment group.
Ther? was a statistically significant' difference of F(1,12) « 3.96,
p{ .05. Another test also reyealed that there- was a marginally
significant difference between low level students involved in the
concept mapping treatment, and the high level students subjected to
‘the traditional treatment, F(1,14) = 3.50, p< .96. Finally, only
one significant difference resulted from comParisons within separate
treatment groups. The significant interaction was between the low
level students and the high level students of tl;e nox;-tr‘eatment group,
F(1,20) = 3.59, p < .05.

Posttest acolx'eg (section 2). Section 2 of the posttest was

1

especially des:lgnéd to measure the relational structures of conce'pts
in conférmity with the concept mapping met;hodoloy. A two-way ANOVA
on section 2/ of‘ the posttest showed that there existed a marginally
;ignificant interactioh between teaching method and reading ability,
F(2,37) -‘:3.04, P <.06. The means and standard deviat;ons of this

particular analysis are presented in Table 3. Figure 2 illustrates
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Table 2 Cod
H;ans and Standard Deviations of the Percent . ¢
Gain Scores from the Midsession Test to
' the Posttest for both rimental (Concept
uHapp'!:ng) anddcontrol (Traditional) Groups

ot - .
’ READING LEVEL

GROUP - HIGH  MEDIUM LW
EXPERIMENTAL n = 6 Jlo 8
4 GAIN SCORES | I = 1517 10.50 1z.88

SO =  9.50 9.03 6.67
CONTROL n = 8 Tk

X = A3 11.43 15.50

% GAIN SCORES “
’ ) SD = 7'53 lt}ol&? 12' 67 v

A A

"



GAIN SCORES FROM THE MIDSESSION TE§I TO THE POSTTEST
0
i
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’ FIGURE -1
' Interaction between Reading Levels and
. . Iﬂstructional Treatment using
Gain Scores from the Midsession tést to the Posttest .
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Table 3
Means and Standard Deviations ;f
Section*2 of the Posttest Scores for
both ‘Ebcperimerrtal (Concept. Mapping) |
and Control (Treditional) Groups ,

» READING LEVEL

GROUP | HIGH  MEDIUM  LOW

EXPERIMENTAL n= 6 10 8
SECTION 2 SCORES X = 93.33 86,00 82.50
‘ SD = 10.33 13.50 12.81

CONTROL | n = 8 < " 4
 SECTION 2 SCORES X = 91.25 78.57 55.00
SD = 12.46 12.15 19.15

e ——— ey,
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FOR SECTION 2
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o
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FIGURE 2
Interaction between Reading Levels /
and Instructional Treatments for Section 2 of
the Posttest (;g(;Ob)' ;
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the interaction. o o '

A simple multiple comparison of means indicated that the low
' level stu§ents in the concept mapping group.performed significantly
better on section 2 of the posttest than those students in the
traditional group, F(5,37) = 11.67, p< 0L, The students with high
and medium ability showed no difference. ‘

Affective data. The responses on the affective questionnaire were

converted and ranked aianéaa scale of 1 to 5. These were then tallied
according to reading level. ?pe means for each question were also
éalculated (see Abpendix E). The results indicated that high-level
students'preferred concept mappiﬁg to other teaching ﬁeth;déi’ The
answers on the two 6pen—endeq guestions showed that”most of these
students also expressed a general satisfaction for the method in its
ability to facilitate the takiné of notes from their texébooks. )

“



Chapter 5 ' .
Discussion
(

The main goal of this study was t# make a genuine att;mpt in

presc?ibiné and applying an instructional strategy that would §ptisfy

“a real educational need. Based on a limited body of research, concept
mapping was believed to be one viable glternative in facilitating,thg
learning of information in an instructional unit in biology. It was
first hypgthesized that students with wgaker reading skills would have
benefited mofe‘frem concept mapping than students with stronger skills
in reading. The traditional treatment of the unit was thought to be |
less effective with students of weaker ability. - Furthermore, it was
also assumed that students with a higher reading level ;ould have .
shown no marked increase in performance in spi?e of the instructional
treatment. The rationale was that high sbility studengg are usuaily
“in need of iittle structure and are able to procesé information
efficiently, no matter what the instructional method. These hypotheses
were partially supported. !

The first effect considered was that of thé instructional program's
overall effectivénesg. The results have shown that the only significant
effect was for the level of reading. Even thoﬁgh the means have shown
that suéjectd improved their performance over time, the concept mapping
was not found to be significantly better than the ﬁ;aditionAI treatment.

A closer anslysis of the multiple comparison tests revealed that

A\
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different rates of .acquisition existed for learmers of different
reading ability. High reading ability students achieved significantly
better increments on both the midsession and posttests. Loi readmg ]
ability students on the other hand performed least well on these tests,
Theee relative differences among reading ability groups remained
throughout the instructional sessidon. This”may have seemed to be
inconsequential at first, but in view of the fact that there were
definite time constraints on the study, the concept mapping strategy

could perhaps have provided better results for the slower learners .

( if the teacher had been able to spend more time training the students

in the construction of concept maps .
As mentioned earlier in the study, reading ability was not a
7 randomly selec’ted variable cho=en to correlate with the performance of ‘
individuals, nor was it meant to be any characterisﬁic that could have
limited the generality and the inferential value of the present study.
Reading ability was chosen to promote the concept that it interacts
with the specific instructional strategies (Hunt, 1975). The results
shave shown that there were basically two mdin interactions between
reading ability and the concept mapping strategy.
*  One interesting and unexpected result was the interaction
involving the midtest to.posttest gein scores and reading ability.
. The gain scores reflected how much additional information each group

acquired from one test to the next. Surprisingly, in this analysis,

there were no overall differences among reading ability groups.
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the high 1l

treatment was succegsful in bringing high 1

other hand, was not able to enhance mean sc

°

However, while both .low and medium readers performed similarly under
both the traditional and concept mapfing appr athes, the high readers

performed very differently under the two tredtments. In spite of the

fact that ?elogous gains were also expecte ir; both treatment groups,

vel group which received the con

'

ept mapping treatment obtained -
significantly better gain scores. Y

A closer look at the mean scores indicated that the experimental
arners from an already high
score level to a better score leyel. The traditional instruction on the
res beyond the second test
session. In addition, all mean scores also|revealed the experime’ntal
treatment's advantage in maintaining a straight progression of scores
in all reading levels across the three test \qessione.

* There was yet another result. from this éain score interaction,

h

i!nexpectedly the traditionel group’ yielded increments that were inversely
related to reading ability. At first glance, this data appeared

contradictory. On the average. low and medium ability groups geined

more than high ability student.s. However, when separate instructional
treatment were considered, the high abi]%y grOLtp performed extremely
well with the concept mapping treatment but made no gains in t.he
traditional group. -

On the basis of the foregoing, the evidence then appeared to be  »
supportive of the/arlier proposition in the thesis which stated that

information—processing must have played a vital role in the interaction
- - .




i

‘that .the success or failure of individual learners depénﬁé to a iarge
extent on whether they can successfully apply previously acquired

between the instructional treatment and reading ability. Consequently, ;,
. i

-

the concept mapping approach must have had a greater impact on the

*
»

cognitive styles of the students, The extent of this'iﬁpact.was f
gifficﬁlt te predict but it was clear fr;m’the midtest to posttest i
gain soérgs.«that concept mapping seemed to gavoﬁrﬂhigh ability students
more than the traditional: approach. . |
; In view of the-fact that reading“abilit}’and cognitive style are
closely relatéqg?ntg}lectual skills (éégné & ?riggs,197h), it was
inferred that the information—processing capability of the popcebt

mapping approach capitalized more stronély on cognitive -strengths than the

-

traditional treatment. ?herefore high ability student§ in tpé experimenfélb
group were probably more able to match their conceptual levels to the |
type of instructionlphey receiveﬁ. They were thus able §o'obtain better
increments beyond the midtest. The students ;ho received the tradit;onal
treatment may not have received the necessary amount of struéture to
metch their Swn conceptual levela‘or.learbing gt?ies (Hunt, 1971).
This may have alﬁg explained why these ‘students did not achieve h{éher ©

scores past the midtest session. Added to this interpretation is the

position set forth'in Bovy's (1981) locus of information-processing

,approach., 1In this approach, it is preéumed that, the actual stages of

information-processing during-instruction and learning vary .considerably

with learning task and leerrer. However, it is also reasonably assumed o

-
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éggnitive skillg to solve specific learning ta;ks. The author therefore
reasons that if & learner both poeseases a particular-p cessing skill,

'” and cah correctly apply it. to the appropriate problem, no external

' instructional method would be required. According to this stheme, the

e

Y

locus of information is "inside" or controlled by the learner, and no
instructional m!a'thofl ils required. In relation to the above interaction
" however, it seemed that r.he concept mapping, treatment was necessary.
COnseque}xtly the concept mapping instruction I;rovided great.er maximal
. cognitivo processing suf:port. Probably the high learners profited more
from concept mapping than from the traditional treatment because it may
have directed c,ognit,ive processing in an optimal manner (Rigney, 197&).
- Affective data from the questionnaire administered only to the
expérimental students added further support t.o t.he above interpretation.
It seemed from the analysis of these data that the concept mapping
ap;)mach, in a poaitive way, ini‘luenced the achievement motivation )
of the high reading ability students. These students expressed more

7 ]
contern and had a more positive attitude towards conoept"mapping than:

. L5

. those in the medium and low reading groups. The changes in grades from

the midtest to posttest could also” have been influenced by the need
’"’for motivation. Since concept mapping is a method that provides
students with room for creativj.ty, it was inferred that the motivating
" power assotiated with it infllenced the incroment in grades. This
finding was consisient with previaus research on motivé;.ion vhere

" teaching methods facilitated the ‘performance and the learning of.

N . N * Y L]

' ' . A
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specific tasks (Day & Be”rlyne,‘lwoirjrorrance, 1971).

The other important :i‘.ntearacti_,on that helped in partially confirming

3 the predic::tion thgt low and madium' ability student‘,s‘would have benefited

more from concept mapping than the traditional approach, involved /

section 2 of the f‘irial posttest.; This sectic;n of tl:e posttest was |

. : expressly designed to measure what Gowin (Note 2) t.ermed'thg, "conceptual / ‘

structure:" or the "simple constructs™ of basic information on the unit

on the 'Nervous System'. Concept mapping brought about’ the desired effe%o

on the achievement outcome of the low reading ébility students as predicted,

« The low ability students in the ;::raditAional instructional group obtained
significantly lower scores on this sectilon. A1t hough‘ the medivm and high
agbiiity groups using concept mapping also performed better than their _
traditional counte;’parts, these dil‘ferences were not statistically

e

A significant,

A closer examination of these results further showed that the

4 " concept mgpping technique helped low readers most on specific tasks in
ow;ércoming "cheir cognitive weaknesses. It did not improve their overall
performance, however. This "failure"” to improve overall p;rfommce

can be seen as much a function of the actual test as ""achievement™.

If tests measure memorization, rote learning techniques prove most
effective, esp‘ecially over ? short tenix. If an understanding of
relatiénahips is called for, concept mapping .appears to be beneficial.
o . These results also Bseaned' to be in agreement with the basic

«L ’ matching principle, "low conceptual level learners profit more from

' o




high structure, and high conceptual level learners profit more from
low structure" (funt, 1971). The idiosyncratic _natt;re of the concept
mapping apprbach was not as advaﬂtageous for the low ability students
in coping with the material because it didn't give them the structure
they requirea. The concept mapping technique did not provide the
genersl didactic guidance that this type of student needed, but only
facilitated a particular form of learning. Thg interpretation is again
in agreement with Bovy ; (1981) locus of information-processing scheme.
Since low leamers have fewer idiosyncratic cognitive skills, or are
unable.to apply them, the main instructional strategy was not able to
generally facilitate cognitive processing.

As a final cénsideration, reeding aptitude was examined in terms
of its actual usefulness in predicting student performance. The results
have unequivocally indicated that reading ability does ipdicate how
well an individual will perform relativ’e 1';0 another, even though a}l
groups improved over time. It became apparent that reading ability |
can be a useful instructional factor within the confines of the
experimental design. S~

These above findings made possible two tentative inferences,
partially wPotheEized and partielly\unexpected. First, t}:xe concept
mapping strategy can be designed to benefit low reading ability
students if the method is used selectively and discrimantly in the
instructional sense. Second, concept mapping can strengthen the
high reading ability student;s' skills in conceptualizing and remember-

) o
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ing information. ‘7\1& ;
This research lends flirther support to the contention that no

~ -

matter what teaching strategy one uses, all students cannot be led
‘to the same i:oinjb of-ma\stery (Joyce, 1980; Joyce & Weil, 1972). The
spectrum of reading .abilities and learning sty'lgs in the classroom
will always make it difficult for a researcher to assign suﬁjects to
differe:)tial educational treatments at any given time and expect
these methods to have generalized effects. Nevertheless, despite the'

incessant constraints due to: individual variation, the concept mapping .

' approach did seem.to be a practical strategy in helping to clrtail some

of the gap between the instructional process and the educational goals

~of the individual students. Even thoug}x the study was exploratory, it

still represented a well-grounded attempt in seeking basic facts. The
results have attested to the existence of some significant relationships
between learner characteristics and instructional method. Moré important-

1y, this study shas also found that the type of information being taught

and tested influences the appropriateness and efficacy of a given

instructional technique. Concept mapping cannot intuitively replace

all ott?ér methodologies eit.hér within biology or across other topics,

but it can provide a realistic alternative approach provided it is

used selectively with students and teaching materials in mind.
Recommendations. Merrill (1971) has advocated that the process of

1;18tructionai design can be conducted in ‘at least two ways. Cne N

procedure can be characterized as the "raw empiricism" appréach, '

{
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whereby a designer proceeds in his investigation without anyattempt
to apply any theoretical system systematically. A. §_econd'p'rocedure
consists of the "paradigm" or "model building"” approach. It is on
the latter approach that this study has modelled itself. A sensible
attempt was made to dwélop instructional theory through the
experimental investigation of the paradigm called "concept mapping®.
This study has also ascribed to the definition of ins'(:ructional
technology which ‘provides. direction in the systematic planning for
establishing a way to examine the instructional problem and need of
L students, for setting an instructional strategy in solving the problem,
and for assessing the results (Kemp, 1977 ).

In conclusion, this thesis would recommend that concept mapping
" be not, considered as a methodology that can be applied to an entire
curriculum, even like bioclogy, or that it can be used ‘for any type
of student. It should )be regardeo as a technique tobe used very
carefully only where it will emphasize those mental processes thon can
be used by the learner, It should be used where it will teach a deeper
understanding of concepts and their specific frelations, but not in the
general memorization of facts. Consequently, major considerations
should involve adequate teacher and student 'pre'paration with the
technique. As the results have shown, practice is of the upmost concern,
and enough time should be spent on the conatruction of maps. quting
methods should also be further 1nvest;Lgated that would be more
congruent with the tn.:;e of ;Lnstruction nnd the type of skills

A"
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characterizing the students.

- This stu(w only represented a cursory loock into ‘the concept
mapping approach. More concept mapping as well as ot.her techniques
should per\haps be developed and‘teated to add empirical validity in

" linking 1eam%ng theory to teaching. Biology was only one general
discipline; other disciplines should also b; investigated, and otiler

aﬁilities should be searched out for other possible valid interactions.

.
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PRETEST
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lect. the choice that best cqmpletes each of the following statements,

Write your snswers on the answer sheet provided.

K}
‘ S
1.
2.
3,
7
b

» A0

» L0 Ue

A synapse is:

(a) the junction between the axon of one neuron and the dendrite

or cell body of the next neuron,
b) the junction between cranial and spinal nerves,
a message which travels along & neuron.
the junction between the axons of two diﬁ’erent neurons.
a nerve of the internal organs,

The outer layer of the human brain contains:

about 4 million cells, . -
about 14 billion cells. . : -

about 1 million:cells.,
less than 100 000 cells.

Receptors arg:

éag centepf in the brain that receive narve impulses. .

b) spectalized nervous tissue sensitive to changes in our
surroundings.,

¢) nerve centers in the spinal cord. 4

d) membranes on the surface of the spinal cord.

e) reflexes with which one is born. i

about 12 million cells. ' ' . =

Nerve-fibers conducting impulses away from the central nervous syqtem

are: ‘ ) ,
a) efferent fibers, *

b) receptor fibers, ~

¢) afférent fibers.

d) association fibers,

e) none of these. -
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. 4
Conduction in nerves depends ons ' ' @

b).an electro-chemical process which is self-prOpagati.ng
¢) an entirely chemical process.

}d the reflex arc.

e) involuntary functions.

ga movement of.electrons as when current passes through a wire,

The dura mater is:

a tough protective covering lining the vertebral canal and skull.
a membrane containing the blood vessels that nourish the spinal
cord and brain.

édg a mixed nerve. '

all of these.

§a§ a thin delicate covering of the surface of the brain.

The anterior roots of the spinal cord:

bring efferent fibers away from the cord.

bring motor fibers to the cord, ;

bring afferent fibers to the cord. :

are used in diagnosing certain infections. .
are openings at the base of the skull. ' '

® 000D

Blushing is controlled by the:

a) brain, v,
b) autonomic nervous system. o
c) central nervous system.

d) "automatic nervous system.

e) peripheral nervous system,

A s:lmp]L reflex arc represents:

a) a learned response. .

b) an unlearned response., %

%) a partially learned respdnse.

d) a branching, treelike nerve process that carries impulses toward
the cell bodies. .

(e) the brain regiorns that controls 4he activitiea of the internal
organs, . .

B NI,




10,

11,

12

i3-

.
et

The cerebellum is concerned with:

b
and the inner portion of the brain,

¢) sleep and!emotion.

d) vision, ‘

e) the sympathetic nervous system alone.

The sensory axgea of the brain is located in:

. \
the frontal lobe.
the parietsl lobe.
the occipital lobe.
the temporal lobe.
none of three.

|
e autonomic nervous system is responsible for:

OROD®

voluntary control of respiration.
coordination of muscular activity.
almost no activity in the body.

the wrinkles of the cerebral cortex,

o A0 o

Color vision is due to the activity of:

Ea balance, coordination of motion and muscle tone.
coordination of impulses between the cortex of the brain

involuntary control of our internal environment.

F
? oo o

-0 AT P

the
the
the
the
the

rods,

cones,

rods and the cones.
cornea,

agueous humour,

A Y
image projected on the retiﬁa of the eye is:

upright.

inverted and reversed.
upright and reversed.
usually blurred.

none of the abovve.

b
1

\
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15, The Bustachian tubes

drains fluid from the middle ear into the mouth.

keeps up pressure in the inner ear.

keeps -the pressure equal on both, sides of the eardrum. .
is responsible for tranamitting sound waves to the inner ear.
none of the above.

0 OTD

'16. The‘semicircu;gr canals are associated with:

hearing.

balance. - . ¢
draining fluid from the middle ear. -

the sense of touch.

the sense of vision. .

-

L =" e BN

17. Olfactory nerves are associated with:

L]

taste.
hearing.
smelling.
sight.
tOUCh .

L0 OP

18. The terminal branches of the dendrites of sensory nerves 1n the
skin are calleds

neurons. ' . @
receptors. :
effectors, .

eranial nerves.

impulses.

® 00 o

19, Which of the following is a chemical sense? -

a) taste,
b) hearing.
c) sight. .
d tO“Ch. ’ . "'”
¢) all of these,
(-
i \\ - ¢

B L R
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uld be:

20, If an injury to the spinal cord results in daj:gé to most of the

spinal nerves in the lower back, the symptom
total paralysis below the injury. Al
‘paralysis of the legs only.

loss of sensation in the legs.

death of the.tissues above the injury.
death,

QOO
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1.
2.
3.
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5.
6.
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8.
9.
10.

12,
13,

5. . ‘
16,
17.

18.
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Appendix B -
MIDSESSION TEST

J

%

o

Select the answer that best completes the statements, Write your
answers on the sheet provided. ‘

1. From the diagram, identify the area where ONLY MIXED nerves
are found.

a) 1 only.
b) 2 and 4.
[ lb Onlyu
d) 1 and 3.
e) 3 only.

Which statement is true if an electrical shockis given to the right
hind leg?

the animal will move its right front leg.

the entire body will jerk due to the shock.

the animal will not respond at all,

the right hind leg will respond due to a simple reflex.

the animal will respond voluntarily by moving both hind legs
at the same time.

00D

i

3, Which diagram correctly represents the passage of a nerve impulse
along a chain of neurons?
A

DO

, ca | .
Arrows indicate the passage of the nerve impulse,

./




-

(2) IO e P——O—<

(b) 00— IO >——O—<
‘ — - T o—<

(¢) P—BO—

(d)w}———o ' —y
e — ??‘“‘O_?

-

(e) none of these.

4. The cerebellum is the center of:
¢ ~ !
voluntary motor activities.
intellectual faculties. g
muscular coordination,
conscious activity.
ViSion.

RO OoOD

-5, An accelerated breathing rate is usually accompanied by an

accelerated heart rate due fo the fact that the:

(a) bronchial tubes cont
heart. N /
ib; the heart is compresged by the lungs.

the nervous center accelérating the

°

inflation of the ch7st cavity simltaneously enlerges the lungs

and the heart,

(d) the diaphragm affa;:ts both the heart and the lungs at the same

time,
(e) both the cardiac %'ate and respiratory rates are controlled by °

the same nerve center, the medulla oblongata.

6, If the human eye is compared to a camera, which part of the -eye

corresponds to the light sensitive film in the camera?

the eye 1lid.

the ret

the lens

the cornea. ' to
the iris. . -

/

/
v

C IR -




7.

8.

9’.

10.

o AOOM

v 3

presbyopia.
hyperopia.
glaucoma,
cataracts.,

myopia.

o LoD

A patient is received at an hospital clinic and the doctor asks
for a lumbar puncture, This means that the doctor wants to:

localize a fracture. .

take a kidney sample.

anesthetize his patient.

correct a lumbago. -:

take a sample of the cerebroapinal fluid.

duestiona 9 to 15 inclusively, concern themselves with the
diagram below.

Thisis an example of a reflex. -

crossed, / .

simple,

compound.
simple - compound.

complex.,

o000

The reflex center iss

(a) 5 (B)1 ()6 (a)7 (e) be
. -

70




13,

15.

16.

17.

TL |

The effector organ iss .

()1 (®)2 (e)7 (d) 4. (e)5. -

The dorsal root ganglion is:

@5 BT (1 (@6 (o)

The afferent neuron’is: ' . 4 v

()3 )5 ()2 ()6 ()7

The substance released at / is:

() H,0 (b) CO

H (c) lactic acid (d) acetylcholine (e) CO.

The pathway of the nerve impulse is:
(a) 1"2"5"7—30
(b) 4-3-6-2-1.
(C) 1—2‘5-6-71

(d) 1-2-3-4-5.

(8) 1-2-6-3-4.

"l
i

The :I.mage’viewedgby the eye is focused on the retina by the:
(a) lens (¥) pupil (c) iris (d) fovea (e) cornea.

-

Neurons of the C.N.S., in general, do rot regenerate:

because they possess myelin. :

because they arg paralyzed in an accident.

because they cannot function unless they transmit a nerve impulso.
because they lack neurilemma. L
because they control all involuntary motor reflexes.

o 0.0 Om
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18,

A

" 19,

1. cornea 3., iris 5. pupil

PEARRS Bt s e B te

In the given diagram select the cell body. . \‘

. 5 L
(8)1 (b) 2 (e)3 (@i (o) 5.

From the same diagram, where would the axo-somatic s&napse occur?
. l ’
()1 (®)2 (c)3 (d) 4 (o) 5.

!

Which eye structures admit lighté

2. lens L. retina 6. sclera. , it

In dim light, the pupil opening:.

narrows because the iris contracts.
enlarges because the iris dilates.
enlarges because the iris contracts.
narrows because the iris dilates.
does not change,

o0 oM

Which substance is necessary for color vision?

(a) cones (b) acetylcholine (c¢) iodopsin (d) rhodopsin (e) oxygen.

Which activity is conmtrolled by the central nervous aystemé

walking. ~ .
digestion. .

perspiration. -

acceleration of heart beat.

dilation of the pupil.

/

O 000D

A Y
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The frog's brain is destroyed but the spinal cord is kept intact.
Its toes are pinched causing the palm to bend. The palm is then
placed in ether, and the frog is again-pinched. There is no
reaction because“ether has an effect on: ) SR

o e . .
sensory nerves. V-
motor nerves. '
leg muscles.
sensory. receptors, - v . \
nervous centers, - . o '

S e .. g n
Spindl nerves ares . - X

C =R K-

sensory.
ﬁétor. - K
autonomic. . 4
mixed. . : , '
voluntary. ‘

oo oO®

» .
[ AN

v . ’ ‘ .
>Nos. 26 to LO concern the diagram below. Give ,the answers as numbers.

-

e 26'

>

27.
28.

2.

30,
31,
32.

3

* Match the correct number in the disgram with the correct word or wordss

7 _9

—y 2 7 e ) )
5 .
» )
f ¥
é‘ ®
4 ’
- . . L
N i 12 . - ~ . >
parietal lobs. . 33. spinal cord.
ceresbellum. : ) + 3. sensory -ares. [
motor area. : L0 . 95. occipital lobe:
Fissure of Sylvius, e 36. heering center. . L
frontal- lobe, - . 37. tasting center.
K Y
medulla. . , 38. Fismire of Rolando.
pons. LT - . 39. cardiac center. /

LO. origin of.voluntary, motor :lnpulaeﬂ’:

Fd

F % T N .
&R ~

Y .
r

A5
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31,

32. i\

B, o

3h.

35,

3.

© 37 Y
38. |
39.

!

-
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- Appendix C s
\ : . " POSTTEST : : )
R ,

F

INSTRUCTIONS: Answer all questions on the anwer sheet provided.

[N - I
PART I - Select the choice that best completes each of the following
5 statements. 20 marks

1. Which of the following is true about a simple reflex?

a) it is an unlearned response.

it is & conditioned response.

it is a fully learned response. -

it is g branching, tree-like nerve processfthat carries
impulses toward the cell bodies.

(e) it is the brain region that controls the activities of the
. " internal organs, ,

a0 o

-

2, The center for muscular coordination in the brain is found ifi"the:
a) frontal lobe. - [
b occipita* lobe.
c) parietal, lobe.
d .
e

iy

e

pons. .
‘cerebellum,

‘s .

3. The autdvnomic nervous 'system ."Ls:chiefly ‘r.eepons:lble for: %

a) ‘the wrinkles in the cerebral. cortex. .
B) almost no activity in the body. .

¢) voluntary" control of respiration, '

d) involuntary ¢ontrol of oufsinternal environment.

e) ‘coordination of muscular a Stivity., - -

oF
t

"+ 4. The peripheral nervous system is, basically made up of:

’ +

> : o . &
© v -

a system of nerve cell bodies, -
- afferent. fibers and efferent fibers.
afferent, efferent and mixed nerves.
cell bodies and efferent nerves only.

. afferent nerves, efferem nervea, nixed nerves and ;:ell bodiee. ‘

- - K

4 T L e h Y

at




9. The part of the entire nervous systen that ‘plays a ma,‘jor role in ,

AN T , ) s . .

[
Fatly

. 5. The diagram below represents the typical nerve cell,

Which part of the nerve cell or neuron does the letter 'Y' repreaent?

D o /
7 &y \
X Y Z.
the axon. |

dendrites, o 3
the cell body. '

the myelin sheath.

the neurilemma. *

M . ’

PO DD®

6. Cpnduction in ‘weurons de‘gends on:
] .

involuntary functions. ’ \ e

movement of electrons. as when current passes through =« wire, .
electro-chemical process which is self-propasgating. 3

a reflex arc.’
an entirely chemical process.

‘ b
7. Colour'vigion results from the action of:

&

o Q0o

the aqueous humour in the eye.

the rods in the retina. S .

the cones in the retina. . .
the cornea. N
the rods and the cones in the retina.

P00

H

8. The terminal branches of dendrites of senaory nerves in t.he skin : -
called:

3

1

impulses., . )
effectors. , ' ‘ . J
receptors., I
ns. ‘
al nerves.,

> 20 T®m

coord;nating the activities and runctions qf the humen body is:

the brain. 3 ~ o
the spinal cord. L o |
the brain and the spinal,cord.

the -peripheral nervous system.

the aut € nervous ey'ata.

.
[
' N
i .
N . ~ . "
. . . °
. % ’
N u . ‘o
Y . . . . v
N . ! N 2 - N
s ~ '
Il ' ~
0 ' . .
. N .
a

<

8000

-
-
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10.

» <12,

13.

a

(b

_(c) draining of fluid from the inner ear.
d
¢

A0 oom

v

The image projected on the retina of the,eye' is: .

inverted and laterally reversed,
upright and reversed, *

upright.

usually blurred. ‘

none of the sbove, !

> 00 oM

The act of blushing is controlled by the:
brain.

autonomic nervous system.

central nervous system.

automatic nervous system.s
periphera; nervous system,

® 00O

o

The semi-circular canals are associated with:

» hearing. - ' —
balance, ) ~

swallowing. ‘ T
the sense of touch. B : ST

Olfactory néwes are associated with: .

tO\lph. i ' (7
hearing. i - i

smelling. oo

ﬂigm . - ~" M -~

taste. ° '

o N0 om

¢ o

Receptors ares A

reflexes -with which one is born. -
nerve centers in the spinal cord, - . *
membranes oh the surface of the spinal cord.
specialized nervous tissue sensitive to changea in our
surroundings.

(o) centers in the brain that receive nerve impulses,

v i
- . o

ST

“4

o
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15. Which of the following activity is controlled by the C.N.S.?
‘ 1 4

&S

a) walking; .

b) digesting, . o ‘J"' .
¢) perspiring, , L f\\‘,\

d) accelerating the heart beat. : - N

e) dilation of the pupil. o | q SN

'16, In'dim 1ight, the pupil opening: .

a) enlarges because the iris dilates.
b) narrows because the iris dilates.
“(c) enlarges because the iris constricts.
! (d) narrows because the iris constricts.
e) does not change at all from its originel position.

t

17. Nerve fibers conducting impulses away from the C.N.5. are:

afferent fibers. L

association fibers. . o o
receptor fibers,

efferent f{ibers.

connecting fibers.

20 oo

IR Y
o

\
18. 'I‘he dura mater is:

£

é g a mixed nerve. ‘ 3
b a tough protective co!vering lining the vertebral canal and

§ a thin delicate covering of the surface of the brain.
d) a membrane containing the blood vessels t.hat. nourishes the
~— . up:Lnal cord and the brain. ,

(e) all of the above are true.

S,

19. In the eye, which structures admit light? ¢

)

l. cornea 2, lens 3. iris 4. retina 5. pupil 6. sclera.

. # ()1 and 5. : :
i b) 3, L and 5, > A
c lIBandss . N - . . .('
d l,2&nd3- . » . i
. e 2,’3“60 , - . \
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) 20. An example of a simple reflex action is:

kicking a football knowingly,
Jumping when frightened.

"being cautious around a hot stove,-
walking.

Jogging.

o200

A {

«

PART II - Selecting structures from those listed below, list t.hose .
involved in the simple reflex action of Jerking a hand
away from a hot stove. List the structures in the. order in
which they are affected. 10 marks

N

CEREBRAL CORTEX _ - 7
- CRANIAL NERVE ! 2,
MOTOR NEURON . i
MUSCLES OF ARM AND HAND ' 3.
PAIN RECEPTORS IN SKIN .
SENSORY NEURON : b
SPINAL CORD ' ' .
5,

/o .
PART III - Answer both questions in section 'A'. Answer only one question
from section 'B'. Answer only one guestion from section 'C!'
also. Write all your ‘answers on the sheet provided. 20 marks

4

SECTION A
2

" 1. Name the three main diviaions of the nervous- system and state the

function of each., . .,

2, Explain the fact that the sympathetic nervous system is aomet.tmes -
called "the system for fight or flight". ’

. SECTION B .

53

3. Name the three ossicles of the middle ear and briefly discuss the
function of these ossicles during t.he process of liearing.

L, Oive the pathway followed by sound vibrations
ear or pimma tq the te-poral lobe cortex.
concept map.

4

4
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netr

5.

7.

8.

9.

ORI FHAT R g L S LRI AT 2T ST S e, - R . R
»
' - -
4

8o

What are the three main layers of the ‘wall of the eye? Hhat

is the function pf each one?

-

SECTION C

‘Explain why the cortex is convoluted.

How can the human eye adjust to focus clearly on an object in
its field of vi;sion? 0

Explain with the aid of a diagram the structural classification
of neurons,., .

, ’ L w
What are the two main properties of a neuron and' explain each one?
e

i v
( . - ("
= ¢
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EIOLOGY 412
NAME:

~

R

POSTTEST
ANSWER SHEET

b

PART I - 20 marks
1.
2‘-
3.
ke
5
6. .

(S
B.

.9' J ~°

10.

PART II - 10 marks

1.

2o -

.

S

s

L -
5e

18,
19.

b e LA
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QUESTIONNAIRE ABOUT THE CONCEPT mi’p;m APPROACH

Appendix D

NAME: . ' i

Please answer the following questions honestly and frankly.
INSTRUCTIONS

Following are some statements about the concept mapping approach.
Please indicate the extent to which esach statement characterizes
the concept mapping approach by cireling the appropriate response
at the right of each ststement. Also, please answer the two
questions at the end of this questionnaire.

KEY: SD-strongly disegree; D-disagree; U-undecided; A-agree;
SA-strongly agree. - 2

1. The process of concept mapping lets you interact with the
biology curriculum in a better fashion than other methods
you have been exposed to. ]

SDDUA SA

2. The technique of concept mapping is a simple way of reconstructing
biclogical statements. :

*‘g SDDUASA
3. Concept mapping helps you td reach an understanding of the
subject matter through clear relations ofconcepts, and
conssquently helps you to learn better. ‘
" SDDUA SA

L. Concept mapping is very good at orgenizing and directing yo{ar
thinking and your sense of what is going. on,

SDDUA SA

' 5. When using oncept mapping, the content that you have seen so far
seems to be more meaningful,

“"SDDUA SA




e ”“'V"""'«"!»"m‘i?"ﬂ“ﬂ:"”W‘ﬂ'w"“'n*m-rn R T Ny S oty

6,

Te

8.

9.

10.

12,

13.

" for a subject like biology.

. This method will probably allow you to achieve better grades
. in biology tests.

SD DUASA

The concept mapping approach does not seem. to be very useful

f

SDDUA SA

)

You prefer c'oncepvt. mapping to other teaching methods because
it gives you more freedom to work individually.

SDDUA SA

Cbncept mapping is an acceptable method because it helps you to
link biological facts with records and events.

SDDUA SA

Concept mapping is a desirable approach only when the teacher
constructs concept maps.

|
i

'SDDUA Sa

Concept mapping is preferable when only you, the student mekes
use of it.

SD DUA SA

A combination of both teacher-made maps and student-made méps
represents a better alternative for instruction,

SDDUA SA

e

What do you like about the concept- mapping approach?

*

What do you dislike about the concept mapping approach?
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Appendix E
MEAN RESPONSE ON THE AFFECTIVE QUESTIONNAIRE
FOR EACH READING LEVEL
READING LEVELS
QUESTION , LOW MEDIUM  HIGH
1 3.40 2.60 2.60 ‘
2 110 3.70 - 3.50
3 ’ 3.12 3,100 3.60
4 3.50 300 3.50
| 5' 2,00 2.80 ‘ 3.00 - N
6 2.60 2.1,0 .00 N \
7 3.60 520 3.30
8 ?.w 2,60 3.50 .
9 275  3.10 3.50
10 .75 .80  2.80.
1 4 ] 190 310 ° 3.00
12 3.10 2,60 2.80 .
\ . i
A |
~ ) o
. | \.
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