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. ,ABSTRACT

: Ttus quantztatwe study exammed the dxfferentml eﬂecuvms of inguiry and exposxtor y

methods of i instruction in terns of pupﬂs’ undmtancimg of the human circulatory system

- and pupils’ attltudes towards biology as a subject at cchooi The salnple used in the
~ study consisted of 64 Standard Eight Bmlogy pupils ﬁom a Pretana high school Thﬁ
o “mquu'y group” comprised 35 pupils and the exposxtory group“ 29 puplls

The research procedure includzd the ﬁe&eiopineht of an inquiry “teaching package*’ -

dealing WIth the human cn'culatory system, desxgmng a Test af Undersrandmg and

“gelecting an appropnate Attitude Towards School B:olagy Test. The “package" and the
testing instruments were pilot tested before being used in the mam study.

'Two_ rc_séai'sh designs were used in thls study. To compéré the levels _of pupils’ ”

-_ understandmg pf the mqmry and expository groups a Po#tteﬁ_:-—oﬂly with Nonéqui_&iale_nt_ o
* groups was used, whilst an Untreated Control Group Design with Pretest and Posttest

was used for the comparison of pupils’ attitudes towards biology as a school subject.

An Analysis of Covarisnce (ANCOVA) revealed no signiﬁcani dlﬁerences in pupils’ o

' unders_tanding of the circulatory system between the inguiry a;fnd expository groups.

There were also no significant differences between the two groups in terms of pupils’ -

| understanding when comparing Higher Grade and Standard Grade pupils .sépa_rately. '

ANCOVA revealed no significant differences beiween the inquiry and expository groups
in pupils’ attitudes towards biology as a school subject A Chi-square test revéaled that .
‘a siguificantly larger number of puplls in the inquiry group responded favourably to the

statement “Biology is fascmatmg and fun”. A Chl-square test , however, revealed no
significant differences between the two groups in terms of nesponses to the statements
“During Biology class, I usually am interested”, and *Biology is interesting to me and
Ienjoy it”. | | o |
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'I“he effect of au mquzry-based cumculum on students' learmng and attitudes has been |
qnvestlgated by several researchets. Various studies have shown aposmble Tink between |

_ an w and nnpro\?ements in ng]uemgnh mm aﬂ.@dﬁ_fn
o stience and improved skills (Shymansky gt al., 1990). Similar ﬁndmgsmre made by
| Se'hm and Shrigley (1983) rd:gardmg attitude and achlevement, skl]]s and attlmde by
| Broddennan (1985), and on Teasoning, achiovement and attitade by Hall and McCurdy '-

) : (1990) However, whilst some studles have reporbed posmve outcomes, others claim 1o,
effeacta:an((:mckerg;gl, 1976). - : S -

- _ Intins study an mqmryteachmgpackage dea]mgmthfhehumanclrculatory systemwas
. doveloped by the rescarcher in order to evaluate the effectiveness of an inquiry approach
| en pupﬂs understandmg of blologmal eoncepts ag well as then' attitudes towards biology . -

- asa sub]cct at school The mqmry paclcage was taught to an expe:imenta! group of 35' |
"' Standard Etght B:ology pupils. “Their perfonnance ona theory fest of mdemtandmg as

well as their attitudes towards biology were conpared to those of a control group of 29

pupﬂs to whom the same tests were admm:stered The contro[ group was taught the
~ same content usmg ‘an expository approach The iheory test of understandmg was
| developed by the xesearcherwhﬂst an emstmg attxtude towards blology test deveioped '

by an expenenced researcher was used

T STATEMENT OF'TI-'!;E- PRoBLEMs

Two problems arg of interest in t}ns study, namely, the apparent lack of understandmg of |
b1olog1cal concepts g5 well. as xmfavourable ‘attitudes towards the scaences among' _

| secondary school puplls in South A.ﬁ'lca.

L1l Unde Etﬂ!ldmg
" It has been my expenence from teachmg semor bloiogy in Sorfth Afncan govemment '

__ secondary schools for the past _exght years th_at many of my blology pupils, when required _. '



| .the comjtry

to apply leamed kuomedge to new srtuahons, a‘re unable o do 80, Although many;_

~ pupils do not understand (comprﬂhend) ihe concepts and as &result cannot appiy them

. they may stifi pass rmd could even achieve good resuiis by answering the factual recall - - |
g qumtmns carrectly This suggests that many pupils are rote—leamm_s; for the
| examinations. This achievement ra:ses congerns (weﬂ beyond the scope of ﬂus study)

about the quest:lons used in the exammatmns at those schools aead passzbly eisewhere m'

'Jr .

R A Iack of undemtandmg of scleut:ﬁc concepfs among ingh school p‘upﬁs does Bot seem _ |

to be testncted to this country, Dnver and. Bell {1 986 433} suggest that “there rs s

-concern amng Science reachers in many cauntries that perkaps “the majority of '
_ secorzdary students neithér understarzd nor see much pamt in the canceptz:alb» based - :

} sc:ence they are raught at school,’

i

.-'__112__ﬂM@§ o |
' In my teaChmgIhaveencountered many pupﬂsmathave unfavourabie attrtudcs towards-

biology (one of the scmnues tanght in South African schools) as & sub_peet Many pupﬂs S

" bave indicated to me that they dislike memorising large quanfities of “facts” and'
A agrams" andthattheydon’%daenough“mvesﬂgatmg” thﬂmse}ves | o

Gogolm and 3wartz (1992) contend that for many studcnts learning science involves:
negative feelings and affitudes whlch discourage further exposure to any scientific
enquiry. Mason and Kahle ( 1988) suggest that some of the negative fes!mgs held by
students towards sclence, or the study of smeme, may be attnbuted to-the teaching of

- science rather than the nature of the subject frtself It is the opinion. of Germann (1988) _

that sclcnuﬁc endeavours should not be v1e_v._n_red as secretive, ﬁ'lghtem_ng or impossible.
Instead, science should elicit feelings of excmbmmt, wonder, curiosity and challenge. It
wouid be interesting to see if using an mqmry app"&ach 1o teaching lmproves pupﬂs -
attltudes towards biclogy. '

12 PURPOSE OF THE STUDY

- Research on inquiry leaming suggests the possibility of an incresse in pupil

2



04 v

R tmdemtandmg when learmng cxtends beyond the verbal fevet whereby students merel:,e
E m:e—leam‘facmal knowiedge withous necessarﬂy understanding the ‘Concepts mvolvcu a

' (Carin and Sund, 1980). Wellington (1981) argues that inguiry methods of teaching

N g could also i ﬁnpmv:. pup:ls’ attltudes towards and appreciation of smence, which i mpmgfs |

. on the "aﬁ‘ectwe domam" of Blooms Taxonomy o o '

: Understandmg andatt:lmdcare regarded as two- Jm;mrtant domains of science education |
(WicCormack and Yager, 1989). Tn this rel; rd Yage'r and Penick (1984, 143) argue that

Vif we are ﬂ*ufy to influence and i zmprove sc;erzce educatwn, w= musr p!ace students ot~ |

o tke farqﬁonr of our. thmkmg and we st cOnsider the a_ﬁ’ectzve v well as. cognitive - ' |
L damams“ Waremg (1990) suggests that in a healthy curriculum thers: should bea -

mmtﬂmneous interplay between cogmnon and the affective domam. Feelmgs and facts

. .should ‘be jomad together ina mutnal alIzanw It is therefore Mpoﬂant to devclop
: mstmctmnal sirategies that i improve aﬂ'ecuvc outcomes aswell as achlevement outcomes -
o (Gogolm and Swartz, 1992) ' '

[

“To daie in South Africa httle reseamh has been published on mqmrv teaching,

parhculariy in relahon to pupil understandmg and attitudes towards bwlogy asaschool

Subject. Itis suggested that this smdw could make & contribution to the ongomg debate’ -
- on problems and issues in seience educatmn, partwalarly wzth respect to mqmry e

' leammg

The specific aims of the study are to design an inquiry-orientated "teaching package" -

dealing with the human clrcuiatoty system for use: by Standard 8 B1oiogy teachers and to

-evaluate its compaxauve effecm eness agamst a more traditional expository approaich_ _

- pupﬂs gngmgmg of the clrculamry system, and

- pupils' attitudes towards bjology as a school suba:ect |

13 DEFINITIONS FOR THE PURPOSE OF THIS STUDY

From the review of the literature it is apparent that both "inquiry” and "attitude” are



o
N W -

| - pmblematxc terms, as’ chﬁ'erent authors use them to mean dlffereni thmgs 'I‘hxs may be o
Ca reason for the inconsistency of research ﬁndmgs on the effects of i mqmry leammg o
_ W}lson (1974) states that inquiry is 2 pracess model of mstmetlon which is often
| _. | confused W1t11 epen-euded undlrected actmty which is assumed to mmulate SGIBIltlﬁc
| . actmty Inqulry leannng is not restrmted to the act of ﬁndmg out somethmg that was -
: prewously unknown, but rather incindes afl forms of obtaining knowledge for. oneselfhy
. the use of one's own mind (Pugliese, 1973). Tarsir (1983) emphasises the importance of

dlfferenuanng between the teaehmg of science. "as mqwry" and teachmg scignce “by -

- ”mqu;ry" Teachmg and leammg a:L_ng,_im opens opportumtles of gettmg first-hand B
S expenenee in domg scaence and in addition develops i inquiry skﬂls, such as 1he abnhty
- to 1dent1fy and define a problem, o formulate an hypothesxs, to desigt. an expenment o
- E 'and to collecl:, analysc, and mterpret data The teaching of scxence by_mgmgc, on the
- other hand in addltmn to transmxttmg cuncepts pnnmpies, and facts has the'
- res;ponsxblhty of conveymg a realistic Jmage of science and its nature (Tamn: 1983) ‘
Teachmg science by ingtiry allows students to use all forms of obtammg knowledge for
- themselves in accordance with the view c);pressed by Pugliese (1973) 'I'amn- (1983) -

contends that teachmg science hy_mggnx should be gwen first pnonty as the main.

- ob_;ectlve of scnence K*achmg
Inthis sﬁ;dy the following definitions will be used:
ng t_li[y'_ teaching: Thls will be defined as an app_reaeh whleh a_llows pupile, under

* the guidance of the teacher, to discover for themselves information new to thcm by
- ative participation (taken to mean acting on material objects physically and mentally

"domg" things with social collaboration). Lessons begm wath practlcal work (1 e.

| cxpenments, dJ.SSGthOElS comprehensxon exercises, ma:upulatmg models, wemng '
" biostrips etc.) guided largely by open»-ended. worksheets and end with pupll-pupﬁ and-

pupil - teacher questions and d:scussmns to consolidate concepts to be leamt

. Exi 0! '!0 ! tgaghin’g' This is an approﬁch to 'teeehing bY Whiéh all the relevant:'

information is glven to the puplls by the teacher. A large propomon of teachmg time is
taken up by facts bemg "exposed“ by step-by—step cxplanatlon on the part of the teachet



g r—————— -

usually by & conventlon}sl lecture approach. Practlca{ work is used mamly to venﬁ(

. mformatlon already taught. Generally there is Imuted pupxl—pupll mteracmn a3 well as.
- -a Iack uf pupﬂ-mmated d1mzssmns o

. - _mm,[l_dj_g Thls occurs when conccpts to be leamed are conscmusly re}ated o .
- - relevant c{mcepts which have been acqmred prewously, aud mtegrated into the Jearners” - |
o concepmal framework in a meanmgﬁzl way. - Learnt concepts can then be apphed in

dlﬁerent but snmlar conhexts to solve unseen (tmknown) pfoblems (Head 1982) o

o _tt!mdg .Despité many differenfand mdré m déﬁnitions | 'Anpmfs déﬁnit{on ﬁ:ﬂ:’ o
R be uSed in this smdy "An attitude is a mental anc neural state of readmess ergamse& S
_ .through expenence, exertmg a direct or dynamic. mﬂuence upon an mdmdual' .

B 'responses to all obj_ects_and sxtuanons_mth_ whxch itis _relate;l',' (_Allpor_t,_ 1933_ 81_0).
o ---'Aﬂj_t_udg_tgj&l_eim Attltude mt}:us sense is seen as atendency ormclmauonto AR
' respond, inan uni‘avm:rable or favourable manner to scxence (Waremg, 1990) In th:s L

study pupﬂs attitudes towards bmlogy asa sub_]ect at schaoi is mvesngated. ' :

vy -.-RE:SEARC:H QUESTIONS
.' _ An aﬁempt'is Me m .ﬁﬁs studyto answe:r the follov&in}g_ two _questibﬁs:. |

1. Do Standard 8 Biology pupils taught by an inquiry teaching epproach have a better

"understandmg of the clrculatory systcm than puplls taught by the tradltlonal
expos1tory approach‘? | " | '

2 Dol Standard 8 Bielogy pupils receiving inquiry-orientatcd instruction deﬁ;telop more
favourable atl, Jés towards biotogy as a schooi subjcct than do pupﬂs recewmg '
_exposmry mstructlon'? o
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“152 &eg_e_r_h_deélgn |
Two research designs are usod in thzs study For the companson hetwe{m the -
_ ﬂxpanmontal and control groups of pppzl mderstanmng a Postiest-only -Desxgn with’
Nonequivalent groups was used (Cool¢and Campbell, 1979). The sample uéed was non-
randomised and nonequxvaleut, as the use of two intact classes was all the researcher had '

access to

-For the companson between the expenmental and control groups of puplls attltudcs .
| towards biolegy an Untreated Com:rol Group Dem pn with Pretest and Posttest was used. o
(Cook and Campbell 1979; o
‘-._'_153 §_ammo_$ | .. S
| Two Standard 8 Bmiogy classis (n = 64) from a Model C Pretona High Sohool were
| IISed in the study‘ A Maodel C school i isa state-aided school in Whmh the parents are -
' respons1b1e for ﬁnancmg and coordmatmg the daily ﬁ.mctmmng of the school through
the governmg body and parcnts association. The state is responoxble only for paying the

o salane.s of the teachers at the school Curncula prf:scnbed by the govemment education

departznont are followed.

The sampl‘o for the pllot study i wiuch the mqu:ry package as well as the two testmg '
) instruments was trxalled compnsed 29 Standard 8 Blofogy pupils ﬁnm 8 nelghhounng -
) Model C I-Ilgh School The nexghbourmg school can be described as very snmlar in
oomposmon amd oharacter to the school used in the main stady.

154 ‘Lsulm;emﬁ
(1) Test of Understanding {TOU)
A theory test to assess p‘l.lpll understanding was desxgned by me researcher It is -
ithportant that the test of understanding actually doss test under_standmg so that
inferences made on high and low scores on the test re‘gérding 'onderstan&ing are
- valid, The mstrument was pﬂot«tested to determine whether any problems existed
with mstruotlons given, the readab1hty, or the Iay-out of the test 1tems



(11) Atutude Towards School Bmlog 'I‘est _ .
- An exmtmg test, the Attitude Toward: Scierive in Schonl Assessment (A’I‘SSA} N
© developed by Paul Germann (1988) of Maine, USA was used. The ATSSA was
| _found to be appropnatb wnhm the context of this study as it mea.sures B smgle

dmiensmn of 2 general amtude towards science, spﬁciﬁcally, how smdents foed

- _towwﬁs sclence as a sub]ect in schaol The ATSSA isa L:kert-scale mstmment

L with # five-point response scale to items ranging from Strﬂﬂghf agree to strongly - o
; dxsagx:«e In studies done i inthe United States it has shown consistently Cmnbach -

o ajphn »stlmates of rehablhty greater than 0,95 (Gemmnn 1988)
: For tho P“ri’"se  of this study the word “soience” was replaced by the word"' -

"‘blology” inall thc items of the 1est. The namq of the test was also chzmgeti to the
Am’mde Towa‘rdr Sehool Bxalogw Tesf '

16 _'-ANAL‘YSIS.-OF..DATA -_

' Means, variance, standard dewatzon and degrees of freedom 1 were calculatad for each of :

the two ciasses on posttcst sco:es for both the achmvement and the attitude tests, Thzs o

was reqmred to carry out ananalysm of cwaxlance (ANCOVA) ANCOVA enables the |
ad_]ustment of the posttest mean scores. for each group to compcnsate for the ‘initial

_ dlfferences between the groups. In this study 1.he June exam results ni the pupils were

vised as the covariate to remove extraneous variations fxom the postiest scores for the test
of understandmg In the attitude towards biology component the pretest scores for the
same test were used as covariates. Frequency tables and bar charts were used to present
the results. Although not originally planned posttest mean scores for Higher and _
Standard Grade pupils seperawly were also cmnpared and ANCOVA apphed. This was
done so as to determine whether Higher or Standard Grade pupﬂs may be miore or less '.
suited to the inquiry approach, if at all. An item analysis of selected items from both the

test of understanding as weil as the attitude test was done. These items were selected as o

" the researcher felt that dertain items in the test more closely assessed with the ainib'of

mqulry 1ea1mng than others, The results are presented in contingency fables and a chi- |
square test procedure was applied. The clu-sqlwre test was used to arulyse data obtained

from the 113em analyms 'I‘he value of rm-square amt its level of statistical mgmﬁcance
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o '_mdmates whether of not dlffereuces bemreen expe:cted and abtamed ﬁ-equenmes are_ | S

_.'531gn1ﬁcantormt LR ST Y w

CONCLUSION

B 'Chapter 1 gzves a bnef overview of the purpose of the stmiy, the problems mvesuga.ted o
. andthe speclﬁc questmns posed. Key terms used in the study are deﬁned thc research |

procedures followed ara stabed bneﬂy.

. Inthechapte:stbatfaﬂowarewewofmerelevmlﬁerﬂﬁﬂelsgl"enmChapterz w}nle

- an claboranon of the methods used in the studY is meded in Chapter 3 Chapter 4 .. .

-. includes the analysw and dwcussmn ) }lta. obtmned whxlst Chapter 5 mcludas ai S
. 'cntIQue of the study and s“mmmses the ﬁndmgs | | R

. '.{
i
\:\“-\'
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Chopter 2 A review of the llterature on mqmry loammg -

T.he cumculum development movement of the 1 960‘5 produced what pmported to bea

new way of leaxmng at school Instead of the pupils bemg the passwe rCC!plcntS of

B lectures, the new cumoula posﬂaod a dzﬂ"eront relationship betwcen teacher and pupil, and

ﬂlfforem mode of leaming. The new curricula envisaged that the pupﬂs sholﬂd retrieve

'mfbihmhon ﬁ'om the range of resomccs pro\rlded by the teacher rather than the teﬂcher o
. bemg the sole source and importer of knowledgs. The puplls, in essence, would become.
. agents for their own education. The acqmsmon of i mquzry siolis was thus to'be oeniral B o
o the new approach. Mxll-s (1977) conterids that inquiry camcula view the process and |
_ 'skllls of koowiodge acqma..:on as pnmary and the product and thc knowledge 1tsclfas o

| secondaxy

___Thls wnter supports the vxew expressed by Mxlls (1977) that mqulzy oumcula may _'
Pmdm leﬂimng putcomes consistent with the reqmremcnts an-:i demands of lzvmg ina

somety which i mcreasmgly bomg shaped by sczence and tochnology It thus soems

| mportant that pupzis amquxre sk:lls necessary to respond to an ever changmg,- _
; unpredmtable World ' o e o

21 H!STOR!CAL REVIEW OF THE DEVELOPMENT OF

INQUIRY LEARNING

211 Socrafes | . |
Accordmg to Walhngton (1981) the ﬁrst advocate of inquiry Iearnmg was probably

Socrates (400 BC) with his non-te]lmg approach to learning. Wellmgton descnbes how .
Socratcs cnablod a mere slave to discovera maﬂxematxoa] theorem for hxmselfmthout

- being told anyt_hmg,.but aft_er__::d_eduomg it hlmselfaﬁer being asked s series of ques_tlons.

2.12 Rousseau .
During the e1ghtocnth century, .m hlS book Emﬂ_ Rousseau a:gued for a Iess

mtelleotuahsed, mete person—centred more expenence~based concept of educatlon "
(Delaney, 1980).- Accor&mg to Deianey Rousseau held that education should focus

~ primarily on the umqueucss and worth of the individual _ohlid, it should provlde him with _

10
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' an enwronment w1thm which he could develop bis own, dlstmctwe potcmlal and it

should also provide a settmg that would best allow upportlmalty for Iearnmg Lhrough.

- experience (Delaney, 1980)." Wellingfon (1981) quotes the now famous Roussean _

staternent: "Lt him Jnow ml‘hm& because you I:ave rald him, but because he has leamt.
'zt ﬁ;r hzme{f‘ (Wellmgton, 1981, 167) ' I

2. 1 3 Ar mgjmg _ _ | -
.' '_Atkmson and Delament (1977) beheve that the rationale for mqmry cumcula is best K
articulated by Hemy Am“g at the turn of the century with his ‘heuristic' approaches o
to solence education: - - - . o .

- Heuristic methods of reachmg are methods‘ which mvolve our p!acmg srudenm

. as far as possible in the attitude of the disceverer - methods which involve their

- finding out, instead of being merely told about rhmg.y It should rot be necessary

 to justify such g policy in education... Discovery and invention are divine

- prerogatives, in some degree granted to all, meet for daily usage ... it is

- ‘consequently of importance that we be taught the rules gf the game of discovery -
-+ and learn to play it skilfully. The value of mere knowledge is immensely over-

" rated, and its possession over-praised and over-rewarded. (Axmstrong, 1898 '

_ quoted by Aﬂﬂnsm and Delamerrt, 1977, 83) : - - '

| 2114 Eknﬂgn | |
© More recently, John Dewey, the main spokesman for progresswe educatlon in fhe 1930's, .

advocated that children should “learn by doing", rathe than being fectured to (Carin and
Snnd, 1980). Dewey contended that chlldren wmﬂd 1eam better by dJrectmg their
activities and attentmn to the actual world Wcllmgton (1981) refers to DeWey's view .

 that the role of the teacher was not to represent authonty, but rather to serve as a gulde

The dwclp]me that is to be developed is se1f~dlsclphne, rather than dzsclphne mposed by
an exi_:emal source. Similarly Delaney (1-_980) expands on Dewcy‘s belief that the ptimary
task of the teééhgr was to refine exﬁexi_ence; This, Dewey pourted out, ﬁeané that the -
child should interact freely with materials, but in such a way that the potential growth

- value of -exper_iencé is realised. Free and spontaneous interaction is not likely to Ieeid_ to |

socially desirable learning outcomes unless a certain amount of guidance is provided by -
the teacher (Delaney, 1980). He suggests that according to Dewey's views the teacher -

: must be able to direct the child not towards the view that knowledge of the past is the

o end of educatlon but rather o e:mphasxse education's importance as a means (Delaney, -

1980).

SR
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- 215 angudzglpgm_ |
- _' Later, in the 1960's, psychologlsts J ea Plaget and Jerome Bruner were responsxble *'or :
a sharply increased interest in learning using methods of se]i‘ldlscovezy, reitexatmg

earlier cells by R.ousseau, Dewey and. others (Carm and Sund, 1980) Bruner is quoﬁed

by Egeiston (1973 467) as stating:

- “The discavery method is the best way to develop desirable attitudes towards
o ..!eammg and inguiry, fowards the possibility of solving problems on ones own,
" towards. an understanding abour the ultimate orderliness of natw'e and a

- conwcnan that order can be dtscovered“ - S e _

re 'T-ERMIWLOGY L THE MEAN!NG_OF "INQUIRY"

- Hawng precise terms for samethmg facihtates its use as it may prevent authors ﬁ'om

using parncular tcmm that mean dlfferent thmgs to different people Keegan (1993 17) E

o | makes the followmg statement in ﬂllS regazd

How much maore professional teacher.v would be - how much more ﬁ.%e

pkys:c:mzs, attorneys, and engineers - if they would sharpen their introspection, |

- make reasoned improvements, and pass those improvements on fo other teachers.
by usmg precisely understood terms. o .

) A statcment by Postman and Wemgarhmr m 1969 is quoted by Kecgan (1993 17) |

"Eventual{y, the profe.s'sxon wiil have fo get its names strmghr so that intelligent
dtsmssmns can go ﬁrward. " ' ' '

2.220' n Surrou j.'a'.'
Many writers have conm‘butcd towards an understandmg of what inquiry learming is.

_ ’I‘here are, however, many different views and interpretations. Aﬂer reviewing four large

Natiopal Science Foundation-sponsored studies assessing the state of science cducation
inithe United States in the late 1970's, Welch gt al. (1981) emphasised the confusion over
the meaning of inquiry in the classroom. Similarly Crocker et al. (1976) state tht there
has been a tendency to include under the broad ru'bnc of "teachmg by inquiry" a whole
range of teachmg stratcgles - ' ' : :
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‘I‘amzr {19&3) pmwdes evxdence that the notion of inguiry causes a great deai of L
conﬁlsmn among teachers and statec thatthls may WB]l bea Teason fOr many teachersmot |
- presentmg science as.inquiry. “As was suggested.in Chapiaer 1, dlfferent views: onthe .

- meaning of i mqmry may also be responsible for the eqvaeaI research ﬁndmgs regardmg o

. the outcomes of an mqu:ry approach to teacmng and Ieammg ' |

Many science teacheré use the tetms "discovery learning” and inguiry learning"
interchangeably. Sund and Trowbridge (1973), however, differentiate the meanings.
| They see "djseovexy“ as being the mental process of assm]ﬂatmg concepis and principles
in the mind (observmg, class:ﬁmg, measuring, predlctmg, describing and mfemng) ie.
. aprocess of Iearning, whﬂe "inquiry” descnbes the process used by the mture scientists B

performing relatively sophmtlcated men'ral processes, ie. a process of sclenuﬁc

_ mvestlgauon mcludmg

a askmg questmns about natural phenomena,
formulatng problems,
_fonnulaung hypothems, _ _
designing i mvestlgatwe approaches, mcludmg expenments
_ carrymg out expermlents '
synthes:smg knowledge and

‘and responsiblhty :

Keegan (1993) also dlﬁ'erentlates between dlscovery' and mqmry' butona dlﬁerent

basis. Keegan states that there are many typologies of instructional methods and

' indicates that a popﬂar dwhotomy is whether or not the studenx is actWely exercmmg his
or her volition and magmatmn, or whether the student is subject to the will and

imagination of others. This Keegan dubs as the "discovery versus. dldachc" dlchotomy

'I-Iowever he offers what he calls "a more sensitive" typoio gy based on the view that the

instructional moment is in essence, a stimufus followed bya response Based on this,
Keegan delineates four "kmgdoms" of instructional methods based o who generates the
stimulus and who generates the response, with the instructional moment '

18

having certam scientific atutudes such as Ob] ectweness, cunosﬂ:y, open~mmdedness '
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‘He be_Iieve_s than when the expert generates both stimulus and response_; as.in an - '.
uninterrupted lecture, the iﬁstm;tion is said o be didacfic. When the expert generates

the stimulus, and the learner responds; ts method is sgerafic, as n teacher-led

discussion. When the Ieamer generates the. stimulus - for example, a question - arid'a :

b00k or an expert produces a processed, finished response, then the i inquiry method is
takmg place. And, ﬁnally, when the leatner generates both stimulus and response, the

.1nstruettona1 momert is one of legm&m method (Kecgan, 1993). Keegans viewis

-v]sually reprasented in the follomng dlagram

- Amoynt of a'ctivity during mstrust

_DIDACTIC SOCRATIC INQUIRY  DISCOVERY

Teacher —— Student.

Fzgm'e I ijorhencal amount af acnvuy durmg mstmcrzon
(From Keegan, 1993, 18)

According to Falk ( 1980), the teacher who makes use of the mquxry apbmach becomes
a gl.ude in helpmg students uncover mformatlon for themsclvcs The pupil becomes the

active perfonner the thinker and the expenmentcr Falk contcnds that these are aspects N

of the inguiry approach which differ from the tradmonal expository approach to
teachmg, in which e‘cperunentatmn is used to verify tmown facts and theory. It is the

responmblhty of the teacher using the inquiry approach to find ways of guiding *he pupils -

so that they use inquiry slalls in order to assimilate bmlog;cal concapts and find answers
o biological problems (Falk, 1980) '

T -
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Wclchg_t al (1981) consider i inquiry to be a general process bvwhmh human beings seek :
mformatmn or understandmg Broadly conceived, Welch views mquzry asa way of 3
thought. Welch et al. (1981) go on to say that scientific i mqmry, a subset of general .
inquiry, is concemed with thc natural world aﬂd is guxded by certain behefs and "

' _assumptmns

 Tamir (1983), however, stresses the importance of being more specific. Tamir sugg"es{s; -

that a distinction needs to be made beiween teaching and le~rning scxenoe_a_s_nmand '

- teachmg and Ieammgm According to Tamir teachmg and Ieammgsgz_ce..as _
. inquiry 0pens opportumtles of getting fixst-hand experience in domg science and, ini

addition to this, 10 developmg inquiry __skﬂls, such as the abilities to ldentlfy and deﬁnc
a problem, to formulate a hypothesis, to ‘Jesign an expetiment, and to collect, 'ana]yse, |

~ -and mtelpret data Tamir contends that there may be good reasons fo suggest that many
- of the problem—solwng assxgnments and dsScovery leammg exe,rc:lses supported by the

: Nanonal Science F oundation in the Umted States in the 1960's (wﬂh a meg_sgl_ng&

~ asinquiry approach) are beyond the_ ._capabﬂltles_o_f many. sn;dcnts and teachers. Tamir -

| _ states: that perhaps many students may pmﬁt from a more strﬁcﬁzred'presentatipﬂ;' In
 accordance with this view Carin and Sund (1980) state that they believe in guided
 discovery, notthe lamsez-fazre "children do whai you want and vou'll lears" approach.
. Wﬂson (1974) states that i in an inquiry-based classroom, the learner should bc placed in

SIthatlons where inquiry into new phenomena or explanations is performed with external
guidance. The teacher should provide cues to direct the i inquiry, and should provide
releted observations to guide the conceptual experimentation. This more structured

approach Tamir (1983) refers to as teaching and Ieammgbw This approach, in
' addition to transmitting concepts, principles and facts, has the responsibility of

conveying a realistic i image of science and its nature, This writer supports the view of
Tamir that it is the latter approach i.e. teaching and learning hy__g:.m:x that should be

‘given first pnonty as the ob_; ective of science teaching.

2.2.3 . 'hg:agtaﬂgﬁcs of inquiry mg_tbggg

_ Isaac. (1993) prowdes a useful summary of the charactcnstlcs of inquiry methods of |

teacbmg which in the opinion of this writer seem to be in accordance with the teach_ulg

and learning by inquiry suggested by Tamir (1983). They include:

1B
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step-by-qtep teacher explanatmn to pupﬂs limited to & few dlfficult concepts
practical work designed to mvesugate prol: n‘-IlS the answers to which are not aiready '

known;- :

. regular use of expcnmantai data and a range of resource matenal
_.practlcal wotk sheets largelv nw‘n-ended '

frequent _refercm:e to the ten.mve nature of science;
ﬁ'equent pupii—t ~pup1l mterautwn,
frequent pupxl—untlated dtscussmns.

In contrast to thls Isaac (1993) gwas a detaﬁed hst of the "expos;tory" methods of |

| teachmg

- alarge proportmn of t:me taken by the faets, concepts; pnncxples exposed” by step- S I

hy-step explanatmn on. the part of the teacker, by oonvennonal Iecture
Bittle or no reference to the tentaﬁve nature of science;
qucstions malnly desxgned te obtain responscs based on the body of mfonnat:on :

 taught;

practlcal work &es:gned mamly o venfy mfohnahon a]ready leamt'

theuse of pract:cal work sheets with detailed Smp-b}’-stﬂp instractions of procedm-es '

to be ased, precautions to be observed, observations to be made data to be collected .

R and methods of racordmg and analysing data,

2.3

limited or no pupil-to-pupil interaction; lack ¢f pupil-initiated discussions.

REASONS EOR PROPOSING INQUIRY LEARNING

Bruner Bives'the folloﬁzihg. four mam Teasons for'.using mqmry learning (Carin and Sund,

1980y:
-

it encourages mtellectual dcvelapmcnt An mdmdual leaxm and develops his mm:i
only by using it. '

Tt ereates mtrmsm motxvatmn. Asa consequznce of succeeding at dlscoVery, the

student receives a self-satzslﬁrmg reward.

It helps with acqumg terhmques of dmcovcry The only way individuals acqmre

| the techmques of dlscovery is by exposure to discovery.

. 16



® It improves memory retention. Soruething reasoned out yomseif stays fresh in your
mind, but concepts you were told in a lecture may esbapc your mind.

Carin and Sund (1980) add some of their own reasons:

o Sclf-concept development. On]y by being involved in Iearnmg can one manifest
one's potential and gain insights into the "self". Part of the task of becoming a better
person is to build one's self-concept. Inquiry leaming provides abundant -
opportuniﬁeé for this. | o o

® Developmient of talents. Humans are a collection of hundreds of t_élelnts, and
academic talent is only one of these. The more freedom one has, the more
opportumtles there are to develop talents such as creatmty, socxahsahon,

orgamsatlon ete.
o !'ngrgg. se d expegiancy levels. Studens fearn from previous inquiry experiences that |

they can "think autonomously”, and expect to be successful in solvmg future |
- pmblems on then' own. o '

learmng of a deﬁmtzon, rule, etc. takes place mamly on a verbal level, vvlthou’t

meaning. Inquity .learnmg nredisposes pupils to obtain their own meanings from the
- environment, preventing leérning only at the verbal level.

2.4' MORE-CONTEMPORARY ARGUMENTS
* FOR SUPPORTING INQUIRY.

. Inquiry methods bring about an awareness of the Ltur_e_qf_gggm itself (W ellmgton |
198 1) This is recognised as one of the Jmportant aims of science education (Crocker
and Bartlett, 1976; Welch gt al., 1981; and Tamir, 1983). Various writers suggest that
teaching and. learning by inquiry may be best suited to create an awareness of the
methods and processes of science (Falk, 1980; Wellington, 1981; Isaac, 1993). It must
be noted, however, that these writers ha_ve not made the ciistinction between teaChing.
~ science as inquiry and teaching science by inquiry. This writer believes that teaching by

7



_ mqulry may not necessarﬁy guarantee the development of an awarenese of the methods R

_ and proccsses of scxence

o | ’I'he view of Schwab (1 964y that science is an “mvest:gatlve dlsclplme“ is supponed by ‘
Novak's statement on sclence as: ‘_' an active field of i inquiry moving ﬁ:rwam’ rhrough
' _expenmenrannn based on prmczples and concepfs that are subject to madtﬁcanon .

' (Novak, 1970, 15)

- qmularly Welch et al. (1981, 34) state that:

“the nature of scientific knowledge is rentatwe the product af human eﬁbrts -

affected by the processes used in its construction and by the social and =~

psyehological context in which the inquiry occurs. Scientific knowledge is also
- affected by assumptions about the natural. world, .such as causaluy,
y -noncaprwowness and mtelhgtbihty" _ S

Other writers. such as Voss and Brown: (1968) refer not only to the products and '_
 processes of science, but also to the third component "the way of life of the scientist”, |

by whzch is meant the attxtude and values reqmred ofa scxentlst whe.n he is engaged I N

- a sclennﬁc enterprlse

But- why is it so important for students to understand the nature of science? One
argument relates to the rapid change at which scient;lﬁc knowledge is rewsed Students :
who view science as a collection of facts will eventually encouifer revlsed versmns and
will become confused i in the disappearance of he "facts" that they were tau, it for they
have no basis for understandmg the change. In this regard the Bmloglcal Scxencee :
Curriculum Study (BSCS) (1963, 42) guote Connerly as saying;

" "Students are likely to become eymcal about ,s‘c:enrgﬁc enterprise and w:ll
certainly regard what they have learnt as of little value ... Also as fiture citizens
they will be ill equipped to follow scientific debates concerning public issues."

S 1_3:'



Anoﬂ:cr contemporary argume:nt for supporhng mqmry is the view of how Ieammg 1tse1f

| takes place In contrast with our common sense view of leammg as passxve absorbmg '
knowledge’ current perspecuves suggest that laanung mvolvcs an Mnm_ﬁ_&& in _'
w’ruch each learner i 1s engaged in constructing meanings, whether from text, dialogue or,

- physical cxpcnences (Dmv'er and BelI 1986) Such an appmach is often referred toas

: the consu'uctw:st view of Ieammg

o For educatmmsts sezkmg an altematwe to the tmdmonal posutmst view -that Ieammg is

. the transmission of Ob_]eCthB knowledge and that fearning i is the uhctitical absorption of
. knowledge, the notion that understandmg is actively constructed by the Iearner isa '-
_' welcome alternatxve (O‘Loughlm, 1992). Wellmgton(lQSl) notes that contrasting active
 leaming aind passnre remembczmg has long served as the foundahon for progrcssxwand .
chlld-cenﬁ'ed approaches fo pedagogy -

Carin land'smd_ (1980) ref to Piaget's contributions to learning theory and stae that "he
 has shown humans are not born with fiaculties, waiting to flower, but rather each person -

. must, thro:.‘gh inferaction with the environment construct his or her own intellect".

The essence of & constructivist view of learmng ascording to Johnstone (1986) seemsto

mclude that' '

® P‘upﬂs may come to school w1th ready-made 1dcas and cxplanauons for thmgs, whlch-

- they have gleaned from many sources. Some of ﬂ1ese ideas may be seen as bemg

scxentlﬁcally correct and others not; '

® How we leam is (.ondmoned by what we already know Pre-lmowledge which
people already possesy is of critical nnportancc in thclr attcmpts to make sense of
new knowledge and experiences. '

® Knowledge is not transmitted intact from teacher to learney. There seems to be 2
need for ai learner to recoﬁstmct. his own version .af the 'new' knowledge, by -
comparing it with what he already knows and by seeking connections in his existing -
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cgipus_ on which to hang the new ideas. -

~ Johnstone (1986) notes that two processes narnely accommodation and assimilation

come into operation and need to be considered. If some new but recognisaﬁij! familiar
idea is presented the learmer does not need to accdmxmdate (modify) his body of ideas

:_ tobe ahle to assimilate the new idea, Johnstone (1986) goes o fo say that in an extreme
. case the new idea may be so dlss:milar to - anythmg that the leamer knows thaI .
- accommodation is impossible. Assimilation (finking ideas) also becomes mposmble and -

the leamer will create anew box and memonsethe mcummg 1clea, butnot beableto fink
it to hls/her exlstmg body of knowledge

: Sumlarly, Fosnot, 8 leadmg advocate of the apphcatwn of constmctmsm to tcashmg

according to O'Loughhn (1992 796}, states the four fonndational prmmples of -

. constructmsm :

) "kmowledge consists of ‘past constructions - -
(i) constructions come about through accommodation and assrm;latron -
(i) Tearning as an organic process of mventzon, mtker than a mec}mmcal process of

accumulation of knowledge

(iv) meaningfil learning occurs through r@ﬂecnon and resaluaon af cogmt:ve canﬂ:ct

and thus serves to negate earlier, mcomplere levels of undersfandmg"

I -suggest that .iuqhi'ry leaming may provide adequate 6pp6rtunitiw for.smdms to
construct their own meanings. Expedénces car-be provided whish cﬁalleng‘e pupils’
idea.s' énd which conflict with expectatmns, sd provoking stu'dents‘. to reconsider their
ideas (Driver et gl 1985). Itt may of course be that students® existing ideas are “correct”,

Experiences provided will then remforce these beliefs. Tn this regard Fosnot is quoted by
 O'Loughlin (1992, 796) as saying:

"4 constructivist takes the position that the learner rmust have experzence with
~ hypothesising and predicting, -manipulating objects, - posing questions,
 researching answers, imagining, investigating and inventing, in order for a new

construction fo be developed. From this perspective, the teacher cannot ensure

that learners acquire knowledge just by having the teacher dispense it; a -
learner-centred, active instructional model is mandated, The learner must
* construct the knowledge, the teacher serves as creative mediator of the process.”
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B An old Chmese provcrb states:
I hear, and Iforget

| e _r_ning_tnﬁth_underét'aﬁdih g

I see, and I remember :
14dd, and I understand

Many sclence educators clamx that inquiry approaches to tcachmg and e

| [eaming improve studens understandmg of scientific concepts (Mulopa and' |
Fowler, 1987 Shmanskygm 1990). Rcsearchﬁndmgs (see dmcussmn -

o p29-31) have, however, been equwocal S

- Howard (1989) contends that "understandmg“ IS a basxc goal of 301sz _
o educatmn, but adds thai though most would pay I:p semcc to the nnportance' B
. | of compmhenmon, many would be hardpressed to say -what thc term actually
~ means. Varmus wnters support Howard's view that understandmg‘ isa . o
_- somewhat vague and elusive term (Head, 1982; Summers, 1932) and that ‘
- there are deft.rent views concerning wht 'uuderstandmg means.

' ,:’*“'

o One school of thought is based on Ausubel's assmﬁatmn theory of cognmve‘ _
Ieanung, elaborated b Novak ( 1984) The central idea in Ausubel's theory o

- is that of . meanmgﬁﬂ leammg‘ 'Whlch he defines ‘as "nauarbxrrmy :
substanﬁve nonverbatzon mcarporanon of new knowt’edge into cognitive .

stmcture" (Novak, 1984, 608) Cognitive structure is seen as the framework. |

| of knowledge stored in out minds that grows and develops from childhood o

to senescence. = Novak states that by "nonarbttory hicorporatlon of

o knowledge“ Ausubel means that the leamer must make a conscmus effort fo

. relate new knowledge to lmowledge he or she alread;g, has. ‘Substentive =
. 'Ieammg oceurs when the leamer makes a consclous effoz't to 1dent|fy the key |
concepts in new knowledge and to relate these concepts to othet concepts "

' .Nonver[':atmn leanung is s:mply the product of nonarhm'ary substantlve

' learmng, since the utter actwe leammg processes necessaniy alter the |

. meanmg of the new knowledge learned (N ovak, 1984) | o
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_- Rnte ieammg at thc Opposne pole from meanmgﬁ:l learning, results when I

. students i mccrporate new mformarnon into co gmtwe structure in an arhrtrary, o
| ~ verbatim; unsubstantlve way.  Ausubel stresses that the rotelmcanmgﬁll o

o dabtmctmn isnota dxchotomy buta contmuum ‘Suminers (1982), however -
o suggests that from an Ausnbehan v1ewpcmt, mcamngful Ieammg can rcsult_ -
fmm reception or dISGDVBIY methods, as can rote Ieammg Commenhng on .
dlSCGVcry Ieammg asa methcd used durmg mstmetlon by mqmry Summcrs |
(1982 363) wams that "fkscoveyy methods can beas disastrous as dtdacuc

. teaching, and inversely both. can be equally effective”. Similarly, Head

.. (1982) argues against somc of the clalms made for dzsccvcry learmng n -
e 1960's and early seventies which tended to suggest that ali discovery- e
o typc exercises must mcvstably produce mcamngftﬂ Iearmng IR

- OnccfthcalmsUfthccurrentsmdylstamvcshgateﬁlemﬂuenceofmquuy_-- I

| _ Iearmng on pup:l understandmg Itis thereforc nccessazy 1) mvestzgate the R

 meaning of the term, Howard (1989) describes three dlﬂ:‘exent views
r‘onccrmng what undcrstandmg’ means Onc everyday view is that to

. understand somethmg is to 'see’ n, by being ab]e 0 Vlsuahse it Ho o
contends that it is no comcldence that studies suggest hxglﬂy pro tive

o theoretical physicists have excellent visual nnagcry, Finstein bemg one
_ pronunent cxample Ancthcr view would have understanding scmeﬂung as
being the ability to construct a useful mathematical mode! of i, Physicists

or economists might be quite happy that they understand some aspects of

nature or economy when they have a set of equations that quite adequately
" describes it (Howard, 1989). The third view described by Howard is in lize
with Ausubcl‘s theory of cognitive learning. By this approach, to understand '_
something is to know and to ﬁnd [orto construct] a plausible schema whlch _ |
: allcws one fo assumlate it to what one al.ready knows L

| ’I’ak:ng 8 diﬁf‘crent appmach, I-Iltchccck (1993) lists what students should be o
able to do if they understand & concept ' '
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-~ define the: concept in words _
-recogmse mstances of the concept,
dlstmgmsh between instanees and non—mstances, and

solve problems n.wolvmg the concept

o I-Iltchcock refers to a wammg from Osborné and Gilbert that a student may :
be able o define _a concept and yet have little or no unders tand_mg_.of it..

Similar to Hitchcock, Gould (1983, 359) has suggested the following gs-ax :

least some of the thmgs students can do when they understand somethmg

sta.z iti in thelr own words
- give some examples of it, o

recogmsc itin vanous forms and mtuahons
. see connections hetwean it and other facts or Ideas,
: makc use of it in various ways, '

predict somme of its consequences, and

state lts 0pp051te

" Gould emphamses that 1f we vnsh to encourage meamngﬁﬂ learnmg then
o pupﬂs do not just need to recall facts but they also need to use them, Our.
“aim in lesson plannmg accordmg to Gould (1933), should be to create

situations 111 which the pupd has to actwely confront the ideas being

| | presented ‘and he suggests that a - guided dlscovery approach may be
: -appropnate mthlsregard. '

Gould goes on to list seven kinds of tasks (whmh may be catered for inan
' mqmry approach) we can use o help the pupﬂr; explo:e their grasp of

conccpts Pupxls must;

| v reorgamse mformatlon and present 1tmad1ﬁ’erent way, _
o v '_'use their theorencal knowledge 10 m‘berpret pracucal observanons,
Y use their theoretical knowledge to mterpret some of theu' own |

expemmental results,

L 2 .make predlctmns and de...;gn and carty out eXpenments to test them,
v use what they have leamnt in 2 stmul_atmn or 'game’ activity, and
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S idenﬁfy_ and correct the exrors in a written “‘&‘c"‘?‘i‘;

| Commentmg on the theoretical assumpﬁons 'whielif ued'er_lie__ research on
 learning, 'Fisher and Lipson (1986) state that understanding lies in the e_x_tenf
‘to which one's interal mental models successfully predict and explain

~ evenls. m the extemal ‘real” WDrld They aIso remmd us, however, that-' | _
'_'onderstandmg Is: achxeved by successive- approxlmanons, and ail '.

- 'understandmg is necessanly mcomplete and xmnezfeot | N

R Leadmg educators note that sclenoe oumoula axound the world mdmate aneedand - .

_ exPectatzon of development of pOSItiVe amtudes in students by hstmg athtud:nal
| ob_]ectzves high on the list of the main goals of sclence education (Elurd, 1978; Anderson,

1983 and McCormack and Yager, 1989). Jobnson etal. (1974) contend that the inquiry -~ - -
- cupricula of the 60's and 70's ‘were deszlgned to shift the teaohmg emphasm from R

o repeatabie knowledge (what studcnts can say afterwards) as the pnmaxy foeus in the
* classroom to a focus o whai the studenfs are doing cognitively (the mental operatmns |
o mvolved) and how students fwl about it (thelr attltudes towards scxence) Wellmgton -

_ '(1 081) argues that dlscovery methods are held to be the only enes which impinge on the o
o 'aﬁectlve domain’ of Bloom's Taxonomy. Such mstnwtmnal methods, he feels, could_ '

improve pupﬂs attztudes towards and approc:ahon of science.

of attl .
Wareing (1980) contends that the value of affective study st not be hmxted by resilts
 ofi investi gatlons mvolvmg relauonshlps of attmldes to other vanables Rather, attltudes
quuzre further eXmmnatlon qmte sxmply because of their intrinsic mierit. - In this regard'
- Waremg (1990} refers tof Goldstems view that essentmi humanity is evidenced in our
athtudlnal capaoxty, and to the views of Gennam and Glen, that effectlve outcomes, in
and of themselves, are demrable ends and constitute a major component of scle:ntlflo' -

llteracy

Perhaps greater emphams should be placed on the development of posmve atutudes o
- science in view of reports of droppmg enrollments in high school and tcrtzary science



'com‘ses (Gallagher and Yager, 1980 Gogoim and Swartz, 1992) Ina study in the USA, .

Yager and Penick (1984) found positive attitudes towards science in elementary school

- - but a decline in junior h1gh and high school resultmg in young adtﬂts who do not feel
posmve about their schaol sctenoe experience. In Sow:h Affica, as far back 45 1981, the _.

| Human Sclences Rﬁsearch Couucﬂ ina repart on the state of & science educatmn statcd o

 that

- "I?ze  fact thm‘ rhe RSA is the most powerﬁd industrial country in Aﬁ'wa and one
of the countries with the biggest industrial potential in the world - is nof -
reflected in the number of scientists produced by the present educational system.

. One of the reasons for this Is that the present syllabuses do vot help projecta

. positive image of seience and scientists. At the moment the syllabuses are toc
. content-orientated while the real substance of science - discovery, solving -
- problems, participating in sczence-as-a-pracess en]oys foo. Im‘Ie atfentmn "
(HSRC 1981, 49) ' _ _ _ _

Many researchers have crltlcxsed research into athmdes in sclence educatmn F:rst, the
g construct of "attitude" has been vagye, mcons1stent, and amblguous Second, research
 has oﬁen been conductsd without : a theorencal model of the relatmnshlp of attitude with .
* other variables. Third, the atfitude instruments themselves are judged to he immature
and inadequate (Minby, 1983 Germann, 1988, Wareing, 1990 and Gogolm and Swartz,
1992) |

The current study investigates the influence of leaming by inquity on pupils® atitudes |
towards biology (as one of the sciences taught at school). It is thus appropriate to -
examme the meamng of'the relevant terms. Schibeci (1984) refers 130 the confusion over
the term sc:ence estabhshmg a difference betweén "sc:lentxﬁc atutudes" and "atﬁtudes

: towards sc1ence" and deﬂmng what an "attitude"is,

In terms of attitude assessment the term "science” has had many meamngs assoclated '

with it (Munby, 1983) The foilo*mng meanings are most common scxence mstructzon, .

- science careers, science itself, work of scientists, specific scienice issues, science as a

school subject, and scientific attitudes, Accordmg to Munby (1983) there has beena -

- problem it terms of mixing the different cons‘-,mcts in attitude assessments with the -

result being a lack of clarity as to what the attitude was towards.
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There has aiso been conﬁismn concerning the difference between "scxemﬁc attlmdes o

and" a.ttltudcs towards scienice". The view of Schibeci (1984) is that in general sclentiﬂc' _

ammdas refer to the supposed charactenstlcs of sc;entlsts at work. Exal:uples of those

R charactenstlcs are: open nnndedness curiosity, honesty sceptzclsm, and ob_;ectmty g
 Gould (1982), however, has argued that these characteristics may not accurately describe.

- scientists and contends that *... it is abhorrent that s?:ie}zce educators shbuléf c_ictua_lfy

- attempt ta mold children in the same fdlxe imagg_" ..(Gould,' 1982, 1 i8). '

_ '_ - When measunng attltude to sc1ence it is Bot aIways clear what is bemg measmed

Knrnawsky (1988, 576) refers to the diverse meanings mciudmg | 'Ifeelmgs, opmwns,
'belzefs' in and abom‘ and appreczarzons which individuals have formed as aresult of
. mferacrmg directly and indirectly with the various aspecis of the. screnty‘z‘o enterprtse

o Munby (1983) found most measures of aititudes towards science mvolved an mclmdual‘ o
feehngs behefs and hkes towards the field of science. ' '

_ Warwlg (1990) contands that in the ﬁeld of science educanon, studies of thm so-called |
affective dimension shoutd focus ot att:ltudes towards science’ as ‘opposed to scientific
_ athtudes For the pw:pose of this study Krgmowskys dcﬁmuon ofa student’s att:mde o |
'towards science as a subject is used: '

"a feamed predisposition of an individual to respond in a cans:srenrb: '
Sfavourable or unfavourable way, to performing behaviours related lo the
teachmy?eammg of the subjecs." (Krynowsky, 1988, 579). '

Commentmg on inquity curncu]a under the auspices of the National Sclenlce Foundatlon
g (NSF) in the United States, such as the BSCS program, Johnson o al. (1974) stated that
very little research has been directed at thie affective aims of these programs. The most
relevant of such research prior to 1974 accordmg to J ohnson, was that done by Lowry.
In this study Lowry compared six Stli grade s;lass.es_(_n.u 62) using a textbook unit on
" animals to six classes (n = 59) which experienced the NSF_—Sponsored inquiry upit on
~ animal coloration, The ijct::t'iﬁrc Tests of Attitudes designed by Lowry reva;ﬂed that the
students experiéiic_ing” the NSF Am*nal coloration unit changed their attitudes about
science in a positive way which was significantly greater than the changes made by the
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textbook group (Johnson gt al,, 1974).

Since then, varions studies have been published that have investigated possible
. i'el_ati'o_ns]:ﬁp_s between inqu_ﬁry and attitudes. It is, however, necessery to_renﬁnd' :
ourselves of the problems and difficulties related to attitnde research and in particular to
show'_...é direct rel‘ationship' between a teachmg strategy -and changesm attitudes, '
_consi'der_ing.ﬂle myriad of variables involved. |

- Haladyna etal (1982) snggested that the inﬂuence of school and non-school #ariables -
~.on attﬁude towards science ‘has not been’ properly cons1dered They proposed a

_ _theoretlcalmodelaffactorsihatmlghtaﬁ’ectathmdemthlsregard Studeut,teachemnd | e
leammg env::ronment variables aremﬂuencedby characﬁensncsthatcannof be cenfmlled

(e teacher's age, students' gender, or the hmldmg s condmon) and charactenstlcs that_
can be controlled (i.e. the teachers praise and reinforcement of students, the relatmnsinp |

between students or the formality of the class envuonment) (Haladyna et et al }982) -

B Szmpson and Troost a 982) mcluded aititudes towards science in school as a dimension
~of a broader vanable they called "Commitment 1o science" In their proposed mudel they
: vxewed commitment to science and achievement in science as mﬂuenced by four broad
categones of variables: sclence, family, self and schooI ¥t seems iraportant that, smce '
gititude towards science may be mﬂuenced and altered by such a large variety of factors, - |
all pertinent variables be bome in mind when ex_amuung research- ﬁndmgs

Johnson et gl (19‘?4) compared the effects of dlﬁ'erent teachmg situations on the
attitudes of 108 suxth-grade students towards science. The three teaehmg situations
- compared were: _ : : -

@) students taught by a tradltonal textbook method, without laboratory actmtles,

b) stu&ents taught by mearis of a combmatmn of textbook and supportm.g Iaboraﬁory

activities; and ' '

¢) students taught in an acﬁvrty—centred, mquu'y situation..
The study found that students who interacted with conicrete materia]s to answer qucsuons _
developed significantly more positive attxmdes than students studymg s:rmlar subject
| matter from a textbook The results also suggeSted that there was not a significant |
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worqenmg of attlmdes when textbook readmg was mlxed w1th matenals-onentated Iabs '

B in (.DmpaﬂSOH with students taught by an activity-centred, i inguiry approach only, than

when the program was couducted without textbook reading. In a similar study (Iohnson, o

_ 1976) it was also found that students percewed mqun'y-onentated classes (suchas those

ofthe BSCS program) scienice to be more en_]oyable than pupils usmg textbooks only as

‘a means af i mstructxorL

oW

Mason and Kahle (1988) examined the effects of a teacher intervention program aimed

- atcreatinga classroom énvitanment'which nurtures student interests, ouriosity and - |
' conﬁdence using ln(j_u]IY methods of mstmct:on Twelve teachers were randonﬂy .
'selected from 64 volunteers, together with a total of 550 ninth grade studems to _
- participate in the study. The experimental groups (zecewmg the teacher mterventlon_ B
" program), when compared with the control groups, bad siguificantly higher mean scores
_ on measures for attitudes towards science and scientists, expenences in ext'amwal -

sclence ac'ow‘ﬂes and znterest m a sc1ence-re1ated career.

The eﬁ*‘eets of discovery and expository instroctional methods on the attitude of students

to biology was mvestlgated by Ajewole. (1991) The sample consxsted of 240 Form IV :
students randomly drawn ﬁ*em six high schoels in Nigeria. The mstrument used was the :
40—1ten_1 Scientific A_tt:itude Quesuonnalre de31gned by the researcher_. The results
~ showed thai the expenmental group devehped significantly more favourable attitudes to

blology than the control group. Ris unciear why the i instrument was called the Sclent:ﬁc

Attitude Questlonnal.re if it was to measure athtudesm As'the instrument
was not mc!uded in the paper, questmns arise as to whether it was s_gg;mﬁg_mﬁgs :

: rather than m@m&sjﬂgi@p_m that were actuaﬂy measured

- In "additidn to improvements in pupils' a m;dﬁ_mm_smonoe found by various
researchers, Selim and Shngley (1983) showed 1mprovement in scientific aifinde in

students that had been taught by the mqmry method. Muiopo and Fowler (1987) also

found that the inquiry-based approach seems to be more smf.eble for the teachmg of
scientific atti md__e_s in comparison o the tradmonal textbook method of mstrucnon
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| fl_‘gwse {1983) contends that in the design of new science courses it has nﬁén beeu
_ ‘med that highly student-centred, investigative courses promote mote positive |
L sftitudes towards scien;_:é, and that this in turn leads to a better perforinance ih'scignce. '
 “Towse (1983) conducted a study in Lesotho in which it was investigated whether a new
eourse of the type" _deécribed anVe, the I_,esotho Introductory Science Improvemant :
| Programh:e (LISIP), promoted more positive affitudes towérds science. The sample
- included 824 students from 11 h.tgh schools in the experimental group (LISIP program)
and 904 students from 12 high schools in the control group. The instrument was the
Lesotho Att!tlld& 2 Science Test, a 57-item questionnaire designed by the researcher.
“This study showed that thete was no superiority of the LISIP, cither in terms of the -
whole gmup or in terms of boys and girls separately mﬂun the groups. Towse also
refers to evidence from reviews of the work of Ausubel, ‘Welch, and Ormerod and |
Duckworth with snmlar ﬁndmgs '

_It thus seems asif studxes genera!ly show vauable relations between inquiry and attzmdes -
- towards SCIBP"C as results have been eqmvocaL ' ' '

.2.4,5' Inu - g resu ents in achieve
A very si'gniﬁéan* ~smssessment of the effects of inquiry-based science cumcula on
 student perfomai‘::e' was done by Shymansky etal '(1990}' This study was based' ona
meta-analysis of data from more than 300 rescarch studies spanning a penod of 30 years.
Meta-analysis involves sumimarising the results of each study by an estimate of effect
magnitude and than combining these estimates across studies (Shymansky, etal., _1990)._
Meta-analysis permits the research reviewer to utilise the results of large numbers of -
studies whﬂé preserwng information on the ways_ in which studies differ via indicators

- of study, population, and treatment of characteristics. . According to Shymansky 91 al

- (1990) these indicators of between-study differences can be used to determine whether
the vesults of studies (the effect magmtudes) are systematically velated to differences
between studies. The results of the Shymansky et al. (1990) meta-analysis found the
inquiry appmabh to have positive eﬁ'ects on cognitive and affective performance
| incl_ﬁdiﬁg achievement,_prooeés skills, problem soiving and attitudes, :However.,_'- :
contradictory results .abo_tmd in stdies investigating the effect of mqmry on -

- achievement, | | '
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A study was done in Zambia in 1987 with 120 Form IV students which exanuned the -
" differential effectweness of traditional and discovery miethods of mstmctmtz on
| ‘achievement, understandings about science and scientific aftitudes (Mulops and Fowler,
1987) Mode of instruction and level of c0gmt1ve development were the mdependent
vanables Rasnlts showed that the traditional group outperformed the dlscovery group
in ach;evement scores. For the concrete reasoners the mode of i instruction did not make '
._a' differenice. For the formal reasoners, the discovery approach was found to be more
effective than the i:raditional approach in prémoting understanding about sciénc.é and
~ scientists, Mulopo and Fowler (1987} concluded that the tradmonal approach might be -
. an efﬁmetrt 1nstructmnal mode for the teaching of sclentxﬁc facts and principles to
concrete thmkers, whﬂe the dtscovery approach seemed to be more smtable for teach.mg 3
8¢ = g a*utudes and for promonng understandine about science among formal
operatlonal learneys. Mulopo and Fowler (1987) did not howe\rer, mchcate what then'

unde“standmg of *dlswvery s and the extent or absence of structure and gmdance o

their dlscovery approach. The natw‘»e of thé test was also not elaboraied on in the paper
s0 that 1t is unclear whethcr 11: tested only for 'nta-learnm,g :

. Concei-ﬁiﬁg" the amount of struc’uu-c to be given in an inquiry approach, Crocker gt al,
(1976) conducted a study m the United States on four grade six classes involving 120
pupils. In this study, two teaching sh-ategles were operationally deﬁned in terms of
~ degree of teacher control over the conduct of pupil investigations, The unstruchured

mode was éeﬁned as one in which the teacher controlied only the area of investigation

and the supply of apparatus In the structured mode, the tf:acher also controlled ttie
specific arrangement of apparatus the specific variables to investigate, the aumber atd
type of tneasurement to make, and the data analysis procedures. In the structured mode,
 the teacher also attempted to direct the class discussion towards a spemﬁc ObJeGﬂVB All
puplls received both freatments but on different sections of work. The results reported
by the researchers seem to indicate that the pupils achieved htgher scotes when taught in -
the structured mode. The researchers also indicated, however, that it is fot possible to
state unequivocally that the structored mode led to greater achxevements or that the
" pupils, in general preferred the structured moda '
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Hall and Mc"urdy (1990) found mgmﬁcant nnpmvement in actuevement ina study on _
college students in the USA taking an introductory blology course, when taught by a“ |
BSCS-style inquiry approach. In this 15-week study, 119 students took part in
comparing the mqmry onent ated BSCS approach to the more du-ectlve tradmonal _
approach. Despite better achsevement by the inquiry group, no significant dlﬁ'erences
were found between the two groups rega:dmg reasoning abzhty and attitudes towards
| bmlogy

246 iul- paming ;esuy

- Tamir (1975) mfers to various studies that have shown mgmﬁcant dﬁerences between-
students whq had followed an inquiry-orientated curriculum compared to fhose following
a traditional Ia boratory approach in terms of the acquisition and mastery of hb'oratory
skllls Wideer; (1975) found that 4th, 5th and 6th grade students in the United States,
takmg the SA]E’A (Science - A Process Approach), an inquiry-based cumculum, had
attained Ingher ievels of cogmnve and inquiry-based skills than control groups foliowing

_ tradmonal smencs courses. This study involved 531 students from 25 classrooms intwo
_ school dlstrmts of South Dakota, U S, A, In a study conducted in Memco, Rodnguez
Bethel (1 983) fo; zmd that an inquiry approach to science and Ianguage teachmg famhtaied
the- developmenl of oral commmncanon skills,

 Mech (1990) did a South African study compaﬁng a traditional illustrative spproachend
an inquiry approach to the teaching of microscope skills to Standard 7 General Science
| puplls ata Johannesburg high school, Three classes comprising a total of 50 pupils were
randomly asmgnecl to use the inguiry approach, and a further three classes compiising 83
- pupils, followsd the illustrative approach. Three mshmments were used to evaluate the
effecuveness of thc twe approaches namely:
' ® atheory test d:wgned to assess pupﬂs understandmg of the use and funct;omng of
- the mlcroscOpe,
® apractical test deéig:_i_ed to assess the pupils' ability to use a microscope;
@ checklist used by the res.ear_cher to gvaluate the ability of pupils to correctly use a
~ microscope in terms of the steps followed and the sequence in which they wete |
'u_sa'd. | - | _ _ | _ .
The results of this study revealed that the inquixy group had significanily higher Hiean
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. scores than t'he ﬂlustratnfe group in terms of the theory and pracncal fests. The mqulry :

group also showed higher levels of at'.amment in the acqulsmcm of mlcroscope skﬁls

(Mech, 1990}

| 25 THE STATE OF INQUIRY LEARNING

Rcfemng to the role of mqunry m science educatxon in the Umted States Welch e,; gl. o

. .(1981, 33)state . _ . _ _
. “For many yo ars, the &czence education commumty has advocated the

development of inquiry sku’!s as an essential outcome of science instruction and -
. for an equal number of years science. éducators havs met with frustration and

disappointment. Inspite o new cwrriculs, better trained teachers, and improved - |

- facilities and equipment, the optimistic expectations for students becommg' .
mquzrers have seldom been ﬁdﬁlled " , :

_.-"I‘o determme the actual status ofmqmry in the Umted States, Weich ot al (1981) o
" reviéwed four studies, Three of these were conducted under the ausmces of the United. .
 States National Science Foundation and mcludad 4 comprehensive naﬁonal sm'vey of
 seience educatlon, a twenty-year hteratm‘e review rclated to_ high schooi science

instruction and eleven m—depth caser~stud1es Welch et al (1981) found that there was a
d1scrcpancy between the general statements about the unpox'tance of inguiry and the

- attention glven to it in practlce -Whm practxcal expenencﬁs were provided by the

teachers m the studies, they were not characterised by true problem—solwng but were'
s:mply reclpes to venfy what was taught in theory. Furthermore, the studies ravwwed by

 Welch et al. indicated that aithough teachers made positive statements about the value of

inquiry, they often feit more responsible for teachmg ! jﬁcts" and “thmgo that show up in
tests” (Welch et ﬁl 1981 3?) '

Similar ﬁndmgs fmm three Iaxge studxes undcr contract of the Natmnal Sclence

Foundatlon (NSF) in the U.S.A. referred to by Hurd (1980) mdaca’ted that teachmg o
 Biology in the United States usually centred around one f&ct—laden text, and consisted of

assign, remte test, and then discuss the test. Biology teachers were found to lccture 153%
of the time with over 50% basing their mstruction ona smgle textbook, Hurd (1930
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391) .caﬁclude.__s':' "I shart, little evidence exisis r}}at inguiry is being used".

Commentating ot the state of the inquiry-orientated Nuffield Bi_oiogy Project in Britain,
Gould (1983) states that the predominant style of biology teaching still seems to consist:
cessentially of the teacher first dlrectly Imparting a hody of bmloglcal fact and. then
 ensuring that this information is accurately encapsuled in the pupxls no’tebooks -
commonly by the dmtatmn or copying of notes. Gould’s statements are based on vanous :
~ self-condunted observatwmi studies as well as a review of studles conducted at Lelcq* |
University mvesngatmg the teaching styles of science teachers. Findings of the Leicester
' :-_study showed that the most popular teachmg style w1t11 the Biology teachers in the -
sample ha.d |
e anon—practmal bias;
®.  drelatively high incidence of statements of fact;
o relatWer few teachers' questmns except ones demanding factual tecall;
. listening and wntmg as the dommant activities of the puplls w1th 56% of the

- wntmg bemg simply cnpymg

R

Ina study conducted on the teaching of bmiogy in 80 Inxhan Secondary Schoois in South
Afr:ca, Isaac (1993) found that: :
o 87% of the practmals were of the Venﬁsatlon type and only 13% of the mvestlgatwe
~ type;. - .' _ |
& inall diass_es, the methods, materials and procedures were given'by the teﬁcher;
® * in 67% of the practical lessons, there was no erision for discussion with other
" pupils or with the teacher; . | | '
® in 73% of the lessons there was 10 provision for reference to prescnbed or other _
textbooks or JOmnais ' ' '
Based on the* ﬁndmgs of tiis study Isaac (1993) concluded that the teaching of biology at.
" Standard Ten level in Indian secondary schools in South Aftica could be classified as
being "rrad:rional“ or of the "exposrrory“ type as opposed to the "mvesfzgative" or

| “inguiry" type.

2.5.2 _;hjgﬂtmwm_mg

The study by Welch et al, (1981) into the role of inquiry in science eduoauon in the
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: Umted States found that 2 major problem in promotmg mqmry was encountered in the :

- prcpaxatmn of science teachers. Many teachers were ill-prepared, in theu owh eyes and |
 inthe eyes of others, to guide students in mqmry learmng Furthermore, many teachers
- found mquny approaches dlfﬁcult to manage, with some consxdermg them dangerous,

especlaﬂy in discipline-problem cIassrooms Accordmg to Welch et al. {1981) the -

- second major reservation teachers expressed about inquiry tcachmg Was that it did not

work for most students. They saw it as causmg confusmn and too dﬂ:ﬁcult for any but_

'the vety bnght student. In similar vein Wellmgton (1 981) states that d:lscnvery learning
- is hmdly conduclve to classroom control and that in- many carefully organised 5
- expenments the dmcovery is made by the qmckest member of the class, often the

no:smst who then provides the rest mth the answer

" Inhis reviéw mcze'wemn (1981) asks how many scieﬁce'teache'rs having carcfuly

stage-managed an exeiting, open-ended, ‘guided dlscovery' expmment, have been_ '-

mstanﬂy deﬁated bytheres;)onse' "What's supposed to happen, sir?'. Wel]mgton gocs B
. on to aslc whether students have reahsed that out carefully managed open-ended

._ : dlscovery expenments are in many cases & Iong-mnded way of i 1mt1atmg thern into an
accepted body of Imowledge In accordame with Welhngton s views Atkinson and
 Delamont (1977) refer to the difficulty of and artful stage-management required to bring

guided dxscovery off successfully. T.hey conclude that what appears as "dzscave?y" is
often the rccapltulatlon of the soctaﬂy agreed nature of science and tht_s-namral world,

Inan aitempt w-dete'rmiﬁé why most ﬁeachers do not tise inquiry metho ds, Costenson and

~Lawson (1986) conducted persona’l interviews with Melvé experienced science teachers

in the Phoemx area of the United States. The top ten reasons that emerged ﬁ:am the

 interviews were listed by Costenson and Lawson (1986):

1. Time and energy - Toe much time must be devoted to developing good inquity -
materials and too mysch energy must be expended to maintain enthusxasm through.

five classes each day.

2. Tooslow - The class will not cover all the material in the dlstnct cumcula grid wﬂi

therefore not know ail they need to know. .

3. Reading too difficult - Most students have difficulty reading the i mqmry texts, as the :

~ text places higher demands on s tadent reasoning ability, . :

4.  Riskis too high - The adnnmstmtmn will not underscand what is gumg on and think
-the teacher is domg & poor job '
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' Trachng Ge. havmg d:lfferent levels at wluch students can foliow a sxlb,]ect eg
Advanced or Regular Biology; Higher Grade or Standard Grade) - The students

cannot do the inquiries because there are nd “formal tlunkers feft in regular -

Biology.
Student nnmmtr:ty S’mdents are t00 nnmature 0 take respons:blhty for their own ' _

learning. St‘adents waste too much time and, therefore, will not learn enough,

 Teaching habits -1t is dlfﬁeult to change teachmg habits that have been used for a |

long time.

- Sequential text - . Inquiry tcxtbooks lack you into the order of the book: and it
- becomes Impossxble to change the order of presentations as there is too much new

material in each section of work with constant referral to previous material,

- Discomfort for both teachers and students - Teachers feel uncomfortable not bemg -
~ . in control of what is going on. Students also fee} discomifost. o S
10 Taa expensme Laboratones are not adequately eqmpped for i mqmry

c Costenson and Iawson (1986} homver, azgue convmmng]y agamst aIi ten of the. above -

. reasons for not usm;k inquiry and state that these reasons are niot sufficient to prevent its _'

_ use. Snmlar objocﬁons to inquiry are raxsed by Lonk (1994) in ,his rewew of the 26 ycars _
' ofthe mqmry-sonentatcd Nuffield Advanced Blology in Britain: Loc.k lists cntlclsms that

o have becn levelled at the Nuﬂield course but doe,s not prcsent data to back these clalms .

The UrltICISmS agamst thc Nuﬁeld course include: -

The course is toa Iong to teach Some teaching centres ﬁnd that it is not posmble _

o cover the conTse wrﬂnn the teaching time allocated.

The com'se is soen ds costly in terms of the books, resouroes, ammals and plants,

and the eqmpment and chemicals that are necded for it. _ _
The course itself is considered dlfficult by some teachers Teachers new to ﬁeachmg

find #; contrasts mthﬂxcway&ey weretaught at school andat muvemliycrmllege o

| Consequcntly the Ievel of support needed by stch teachers may be quite high. __
* Practical work planned to lead students to an understandmg of key concepts isnot - B
| sh‘uctm'ed enough. Lock (1994), however, also refers to others that feel thers are
too many recxpe—type practzcal actmtms and that p:acncais are ﬁ-equently ciosed— _

Deprtcthe aﬁjectibns ra_ised agéinst 'the' Nﬁﬁeld 'Adva.ucec'i' Biologyucourse', Lock (1994) .
contends that arguments against inquiry'are weak. Itis Lock"s opiﬁibn that the dourse is

. unique in that it produces students who thmk, study, and act mdependenﬂy And n
| addmon It challcnges and stlmulates teachers and gwes them prest:ge ' S

| _3_5'




CONCLUDING REM;ARKS o SN - . o

ff!

o ’I'he hteratm'e revxew has provxded msaght into vanous aspects of inquiry ieazmng The
hJStoncaI development of i mquxry approaches was dlscussed together with contemporary

argmnents suppomng mqulry Issues relating to cnttmsm of inquiry were also ratscd o

- Vanous studies Were consulted that have mvestlgated the mﬂuence of i mqulry lcammg' E
“ona muimber of dcpendant vanables It is the opinion of tbxs wnter that the eqmvocal -
g -.research ﬁndxngs may be due to the confusion surroundmg the term 'inquity” with it _'
" baving different meamngs to dlﬁ'arant researchers Methodologlcal hmltatmns m'_"; .
 educational research may also contribute to the equzvocal research findings. Relatively
| _ small samples oﬁen used in educauona.! research seldom show 31gn1ﬁcant dlﬁerences,- |
) _but that does uot necessaaly mean that there aren’t any —
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'In ﬁus chapter the researc‘l mcthods used m the current study are. dlscussed Thls .

- _mcludes a,dzscussmn on the development of an mqmry onentated teachmg packagc as |
~ wellasthe development of thie instruments used in the study The detaﬂs of the research -
o .' design, the semple; the collection and analysis of data are also elaborated on. . - |

3 DEVELOPMENT OF TEACHING PACKAGE

. . An iziqtﬁry—oﬁentated teachmg packaéé dealing 'vvith 'thé human c.ircu.latory.syste'm Was h
_' demg;ned by the researcher (see Appendix A on page ‘78) This package comprised 3 o

teacher mformaﬁon sheet for each lesson as well as master <opies of worksheets to be

 used by the Standard Elght Biology pupils. The mformﬁun sheet stated the purpose of |
- the Iesson, thc requu‘ed materzals and eqmpment, and the procadures and suggested o

proach tobo fo]lowed

- The pulnl workshcets Wcre so deszgmd that the pupﬂs use acnve mvestlgatlon to |
 discover mformatmn about the cnculatory system for themselves 5o that the teacher was

not- the source of knowledge The workshects make the pupd takc the rofe of

- mvesttgatOr wiilst the teacher takes oria guzdmg and supportlve role -

' Vanous aspects were consxdered in the desxgn of the worksheets mcludmg

- clearand unamblguous wnmlg,
- neat layout and presentatmn, _

- the precxse warding of mstrucnons,
- el drawn diagrams and iltustrations,
- whether the content Tneets the stated Iesson objecnves, .

- sufficient answering space. _ o
One of thé: aims of t.he pﬂot study was to determme whether any probiems exxsted with

these aspects
The inquiry wbrk.éheets deal mt‘h \?aﬁous aspects of the ciréulatb_ry ssrstém 'in.clud_ing:

R



‘Lesson 1 -
Lesson2 .

' LeSson__S.

_.Less::ni__ld -
._L.eSISUI:l 5 -

"-.':Lessdn'ﬁ.._.

: Lm’.‘zon_? -

 An h:stuncal mtroductmn o the ctrctﬂatory systeps, S
'mm {observing Daphnia under mlcroscope) to give pupﬁs -

- anopportunity o see a living heart in action and make observations and |
deductions regardmg the role of' the heartbeat. S

Exammauon of mammahan heart.

. .'__.Mgmﬁ(extemal exanunatlonanddlsscchon of heaxt) to allow'
. “pupils to become familiar W1th the hearts stmcture and to re!ate_ .
structure t(} ﬁmctxon _ S

| 'Llstenmg to the sounds of the heart fmgmm_a)

Invasﬁgauon of the sffect of exerciss on the heart rate (my__gmg_&) |

| 'EXammatmn of skeletal and heart muscle tissuc and the structure of
o arteries and veins using blostnps and bioviewers Mgg_mi)
. Conducung Harvey's experiment to dlscover some of tha structural and
- ﬁmcnonal properties of veins, - o

Obsemng caplllary clrculatlon in goldﬁsh to heighten lmderstandmg Gf._"

. blood capiltary functioning (investigation 7). - |
'Expenment to demonstrate the 1mportanoe of elast:mty of a:tenes o

 Relating blood pressure fluctuations to the cardiac cycle,
~ Blood pressure and the functioning of capillary networks.

The origin of Iymph and the ﬁmcﬁonmg of the Iymphatlc system

| Systennc cxrcalatmn and the pathways of bloed to and ﬁ'om var:ous :
. body organs. -
- The hepatxc portal system and the absorpnon of numents

" The vanous references Which served as a basns for the: development of the mqu]ry'- _

N worksheets are listed in Appendlx B on page 119,

T I'NSTRUMENTS"USED_' 'IN':”THE STUDY

. Two teﬂts were used in thls study A theory test was used in order to estabhsh whcther :
X puplls had w the work covered on the c:rculatory system. Thxs may be done by "

r’/




o detenmmng whethet learnt concepts can be apphed by pupﬂs in dlﬂ’erent contexts to _
solve unseen problcms Aa Attitude Towards School Bzo!agy Tesr was used in orderta

determme whcther pupxls recewmg mquny-onentated mstrucuon deveioped more
favourable attitudes tOWaxds bmlogy as a school subject than d1d pupﬂs recewmg

- expos1tory msl:ructmm

N A theory test (see Appendlx D on page 129) was s tised by the researcher to test pupil

understanding of the mrculatory system. A few recall questions were included but most
quest[ons cox:responded 1o higher levels of Bloom s Taxonomy, nameiy comprehenmon :

- -_andappllcanon “The questlons vsed in. the test were modified fmm questmns in Bailey
' __1 etal (1989), Austoker and Wessels { 987) and Bennetts gt 2l. (1989).

© The aifms _O'_f-thé questions in the test wers as follows:

. Question 1 determines whether pupils can use fheir knowledgs of the functions of

- the clrculatory system and gpplz itto answer questions relating to the structure of
~ foetal c:rculauon. Pupﬂs ate also raqmred o Ldmj. the result of certain structural =
errors in adult clrculatmn o "

"~ Question 2 requires pupils to game and list in correct gequence blood vessels and

 other structures through which a blood ceil would travel from one point in the body
‘to another, Puplls must _J the names of blood vessels but in orderto list them in
the correct sequence, they must show an mmxng of the pathway of blood
through the- body

- Question 3 dotermines whether pupils understand the significance of the difference
in thickness-of the walls of atria and ventricles. An explapation is also required as
to the reason why the left ventricle of the heart has thicker walls than the right

ventricle.

- Questlon 4 xequ:res pupﬂs foc __Q,r_uga;g blood cunulahon toa bus route. Certam'
' terms mustbe and a reason given as to why the terms are comparable This question
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aims to determine whether bupils understand the fnctions of the circulatory system,

| _Questioﬁ 5 determines whether pupils are ablé to ana analyse and interpreta 'statement _
3 regardmg the ﬁmctmnmg of tha cxrculatory system by explammg the meamng ofthe

. statement. o

 Pupils are required to identify and Fist the errors on the diagram in comparisonto

mammahan blood circulation. Pupﬂs are also requxred to m}xs_q an eatly

hypothes:s of the movement of blood ﬂ:rough the heart and mdmtg with AIYOWS O

a dlagram how the early view differs fmm that currenﬂy held.

. Quest:on 7 reqmres pupﬂs to speclfy the dxﬂcr in the GOmposmon of ai R

“and Vcnous blood.

| As was the case w1th the worksheets various aspects were cmmdcred m the test
_'constructlon, including o s o '
. plear and concise instructions,
| readabﬂlty and presentatmn of the. test

cianty of diagtams, and
correct and applicable conterit.

322 Attitude Towards School Biology Test -
Various aspects of the criticism levelled against attitude research in science educatinh '
were reported in Chapter 2. These include:

the constructs of attitude and sciepce are often vague, inconsistent and amblguous, _

_ research has often been conducted without the basis of a theoretlcal mndel of the

relatmnshlp of attitude with other vanables,

the attltude mstruments used are oﬁen Judged 13 be Immature and madequate

The major problem according to Munby ( 1983) and 'Schi’beci (1984) is that most
umiruments donot prowdf' appropnate psychumetnc evidence of reliability and vahdlty e
Getmann (1 988) refersto 8 study conducted by Munby m which he collected 204 atntude

a0
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msl:mnents Flfty~sxx of thcse pm‘porned to measure attzmde towards sclence, whﬂst the

remmnder measured scientific. attltude Only 21 of these were used in more than ¢ ome -
| study Of the 56 measures, 21 did not report any rehablhtles. 'I'.I:url:y one of the - .

remaimng reportea reliabilities groater’ than 0,7. Only seven mstmmes wenﬁed thelr :

reha.blhty ﬁndmgs in asecpnd study (Germsnn, 1988)

Validity of the ﬁttitutic measures fared no better in Munbyﬁ- critique. Bightéen vf the
selected measures' of attitude 1o scierice reporied 1o evidence of va]idi]:jr Nine useda a
o panel of _]udgcs with no supporung psychometuc evidence of vahdlty Only seven '
| lnstruments vq'nﬁed then' vahdlty by more than one method (Germanm 1988} In. ._ '
o summaryMunby found no instruments thathe dldnotconmdersuspcctfomnereasonor: . .
- :anothcr Germann (1988, 692) quotes Munby as saying: _—

“Wtfsl very few excepnon.s‘, it is clear that authors afi :nslmments ar‘e not rakmg S
all the steps they miight to assure thot their instryments may be used with =
. confidence. And what is-equally dtsrre.s'smg to ﬁmi is that other users seemto -
take validity cmd relzabzlny ﬁJr grante " . o

. For the purpose of thls study a fouxteen-ltem leert-type instrument, thqﬁttztude I'ouard _
Science in School Assessment (ATSSA) devcloped by Pal Germaml ¢ h ‘Iame USA.
' was uscd (Germann, 1988} Tt was considered to be the most appropnate for the current - _
* study for anumber of reasons. Firstly, the instrurment was devcloped to measure a smgle o
_ dlmensxm of a general attitude towards scxence, spemﬁcaﬂy, how students feel towards o

science as a subject in school. Atﬁtude as deﬁned in this iustrument does not include

. such sclent:ﬁc attitudes that might motivate 2 person 1o become a scientzst. Nor doesit
 include other attitudes towa:ds scncnoe such as attitudes fowards sclent:sts Gther :

domains not included were that of personal abﬂlty in smence, the value of science to the

 individual, or the value of science to socleiy (Germann, 1988) In accordance wﬂhthc .
~ aims of the cuxrent study the selected mstrument aims to measm'e a general att[tude
towards science in school mﬂ:lmrt confoundmg the mterpretatmn by including other'

dmensmns of amtude or scxem:e

The dev.glbpmeﬁt of the ATSSA included 'extensi{re'ﬁildt testing by Germann (1988).

~ From an initial list of 34 positive and negativ; fatements 10 statements were removed

after inspection by a panel of judges. Ihe'juﬁges evaluated the items for construct
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2 vahdlty and clanty A deert scale was devised for student responses and the remaxmng o

24 items were pilot-tested with a group of 125 science students in Grades 7 and 8 A

: Cronbach alpha rehablhty of 0 93 was found (Germann, 1983) HoweVer, it must be

borne in mind that reliability is context specific and that the high levels of rehablhty of
the test reportad by Germann (1’388) canniot be assumed in any other administration of

__thetest

 Germann (1988) then submitted 24 items to principal-component factor analysis.
Fourteen items were found to load on & factor that best fitted the desired construct of
- general attmlde towards science. The new 14-Ite.m instrument was then further ﬁeld—

tested. The four studies in which the mstrument was used all showed Cronbach alpha
estlmates of rehablhty greater than 0,95, ' '

* Germann is of the opinion that if an atibede instrument is usofid, it should be able o

disﬁngliish tietween two 'cause's, one of which fosters a negative attitude and the other

- which fosters a more positive attitude. Germann (1988) prowdes evldence, from ﬁeld |

Stlldles, of the abxhty o*‘ the A'I‘SSA to dlscrmnnatc between these two causes

For the prpose of this study the word “science” was replaced with ﬂne word “biology”

in all the items of fhe test. The name of the test was also changed. to the Attitude

Towar 3 Schoal Biology Test. This was done so a$ not to confuse the pupﬂs as biology
is the science mvesttgated in this study '

33 PILOT STUDY

The inquiry teaching package, the Test of Understandmg, and the Aﬁii‘ude Towards -

.Schoof Biology TL... 5 Were pxlot-tested at a Pretoria high school. This state—submdlsed

(Model C) school is very .mmlar to the school used in the main study in terms of the
racial mix of pupils, socio-economic oackgrpund of puplls and facilities.

33.1 Sample | |
One class comprising 29 Standard 8 biology pupils was used in the pilot study. Thirteen

of them were boys and 16 were rirls. Eighteen of the pupils were white and eleven.



-black They had an average age of 16 yeals Three of the .pup_ils'_Wéré reﬁeatiﬁg ,

o Standards

"The teacher of the class was a 33 year-old White_' female teacher with ten years of
teaching experience. She holds a B.Se (Honours) degree and is thus well qualified. This
teacher proved to be very co-operative and was enthusiastic about taking part in the pilot .
study

3.3.2 Procedure . _ _ .
- The researcher provided master copies of the worksheets to the teacher for duphcanon '

well i in advance of the commencement of the study. Also included in the “package” was -
an mformatlon sheet outhmng the purpose of the lesson, the rcqulrements {in terms of
matenals needed) and the suggested approach A lesson evaluation shest fo he _'

_ complcted by the. teacher after each Jesson was also included. This was used to get o

feedback from the teacher with possxble suggestlons to 1mprove the worksheets, The
rescarcher prowcled varicus materialg and specitmens Whlch the teacher may not have had
© access to, and dehvered these in good time. e.g
| Lesson 1: . Daphnia |

Lesson 2: 8 ox hearts
' Lesson3: 16 stethoscopes

Lesson4: 16 bioviewers and sirips

Lesson 5: 8 goldfish and 8 one-way plaétic puinps,

333 Evaluation of package
The following feedback was received:

Lesson 1: More time was needed to complete investigation 1. Pupils had to rush to
finish, The fact that 2 thermometer was required for each gxbup was not inclu&ed on the
list of rtequitements on the information sheet. The teacher did fortunately have
 thermometers in her laboratory so that is did not present too much of a problem.
Insufficlent answering space had been provided for some of the questions, |
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| It was revorted that the puplls en_;oyed the lcsson and were partlcuzarly fascmated tosee -
" Daphnid's haart beatmg “The teacher commanted that mvesngauon 1 "provxded a good

o vrsual lmage of the. heart as it pumps

o The correctiohs and altbraﬁons'o.fwbrksheet'l were done and it was decided that in view
of the tlme problem, lesson 1-would be divided into two one-hour sessions. for the main . _
_ wdy ie. the nrtmduonon and hlstoncal backgmund in one hour and . the quhnm -

"'mvestzgauon ina second on,e-hour pcnod o S

Lessnn 2' Pupﬂs were hard-pressed to complete the dxssectmn Qame pupﬂs were
) '_ | overwhehned' by the expenence and got camed away,. not follomg xmrksheet.
z mstructicns ‘tegarding the procediure to be followed. Another practicél problem that |
arose Was tiw,t pupﬂs had dlfﬁuﬂty answemng questwns on the: works’wet because their |
_ | _hands were dirty and bloady ’I‘here vrere & few pupﬂs who had reservations about_"
o _ dlssectmg the heart and prefen'ed to be spactators Howevcr most pupﬂs enjoyed the
dlssectlon tremendously S Lo o
. In view of the problems it wz:s decidéd that in tﬁe main study workshoét 2 WOIﬂd"be _
- given to pupils at the end of the previous lesson so that they could familiarise themselves
with the pmcedures o be followed the next day, in an atterpt to save tifhe.
Furthermore, the lessons in the main study were planned so as to have the dissection in
a penod ahead of a school break, 50 that the worksheet would dcﬁmtely be completed |
even if it meant working into the break ' - :

Lesson 3: Once again, time was & probler. The pupils reglly enjoyed workug with
_ stet]mscopes and the teachcr reported that puplls found the personal relevance_
: lnterestmg ' o ’

In view nfthe time factor it was decided that in the main study thc entire double penod o

- would be used to check the answers to wnrksbﬁet 1and2. Investlgauons Jand4 wquld

' be coaried over mto the next doubla penod
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o Lesson 4- Tl:us went oﬁ mthout any. pmblems The pupxls enj oycd the b1ov1=wer study, .
o partwularly as they had not used bioviewers before -

" Lesson5: There waﬁ .'sliﬂi'cien't iime to -_cOmplé:te investi’gat_ioné 7 and 8. Most pupils
Co - "WEre'fascii.mted by scemg the blodd ﬂowmgm the galdﬁsh' tml capillavies and mally._ |
emoyed the lesson. Therc Were, however, a few pupils who could not be convmcai that
 the goldﬁsh would not come to ay harm if kept most, and they d1d not want to

o partlmpate mthe pracncal work A practical problem that arose was that in some cases

_ the goldﬁsh was bigger than the petn-dlsh, resulting in pnruons of it hangmg awkwardly
 Gverthe edge - '

* The one-way pump ijzvesti gation pfoﬁded opp'drtﬂnity for some 'pu'pﬂ's to squirt each
. other Wlth Water but it was reported tha:t it really helped the: puplls to tmdersband tﬁe_ s

- m:portance of artery walls bemg elastlc

§ Lesson 6z There was a6t sufﬁcxent time to check the prefvmus mvestlgatlons as well as

to complete werksheet 6, Thls resulted in pupﬂs havmg to do additional homework. It
was thus declded that in the main study this double penod would be used only for

_ nheckmg and tElat worksheet 6 would be kept back for the next double lesson.

' Lesson 7: There was insufficient time allowed for the completlon of worksheet 7

togethcr thh checkmg the previous mvestigatlons For the main study it was therefore
decided that the ent:lre double Iesson would be used for checking answers to the

~ questions of the previous mvesngatxons 7and 8. An addltlonal double penod would be
" used to comp;ete workshcet 7and checi-:: it thcreafter

vaall, the fqedbabk'of the piIoﬁhg of the inquiry teachiﬁg package was very positive.

Tie teacher involved felt that the pupils really enjoyed the lessons and that they had
. learnt a lot in an excmng way. The teacher also expressed the desire to use more of the

mqu:ry approach in the planmng of her blology Iessons in future.

_ 3._3.4 Eilotingj the to sti_ng igstru‘m‘ a}_niés

The Attitude Towards School Biology Test was administered to the same sample of
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E pupxls that underwent the p110tmg of the teaching package, Thls was ‘done i m order to _
determine wisether any problems existed with the instructions given, readablhty or layout _'
 ofthe 1tems This was done by having the teacher involved ask the pupils whether they

had any problems in readmg or understandmg the instructions and questions. No

' queshons or quenes Arose during the completion of the 14 ] m:ms of the test by the pupils,

The teacher was also mstructe&r bv the researcher to quesnon the puplls bcforc collectmg _
~ the papers. as to whether any othe.r problems exlsted with any of the 14 items. This was
done and no probiems were forthconnng |

* The Test of Undersrandmg ( TOU) was piloted on the sample of pupils one week aﬂer -
completion of the inquiry teaching package dealing with the human cmulatory system.
_' No problems were reported by the pupﬂs or by thc teacher regardmg the instructions

- given, readablhty of the questlons, the Iayout or \mth th» danty of the d1agrams and
liustrauons |
The ;est papers ‘were marked by the researcher and the followmg results were obtamed

| Nummber of puplls (n) =

- Mean percentage sc_:ore = 49,06%
Cl_a'ss' meaﬁ .score' out of 65 = 31,9
_ Medxan = 35 (53 8%)
Range = 41
Average dwlatwn = 8,61
 Standard deviation = 10,66

 Cronbach alpha reliability = 0,92

The mean score of the class for this test was £10% lower than the class average of the
most reéént biology examiration result for that parﬁcu_lbr claés. This drop in percentage
_ means. was expected, as the theory test included very few recall questions, with the
maij ority of questions exa_hlining understan dii_lg of concepts, It secmé to be a fact that
most South Africén’ pupils rely on rote-learning, and can achieve better marks as a
consequence, It was decided that the results of the pi'lot study of the TOU did not
wartant any changes to the test. Minor changes were suggested by the research
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Supervi-SQf to the marking memorandum of _thé ou. -

o 3.4'_ THE MAIN STUDY

'341 R ac__d@.qu

‘Two research designs. were. used in this study For the assessment of pupil attlmde.
- towards biology asa subject at school an Untreated Control Group Demgn w1t11 Pretast o
and Postiest was used (Cook and Campbell 1979) - o

_' Tr'eatment group SR ¢ ) > X, -'—'*-.02 '

‘Control group . Q, > >0,
- 0,= Pretest
0, = Posttest

o X Treatment (mqu&y teachmg package)

o For the evaIuatwn of pupll mderstandlng a Posttest-only Des:gn thh Nunequ:valcnt o .
o groups was used (Cook and campbeu, 1979). '

' Treatmentgroup = X,%0
"~ Controlgronp - -+ 0

Xl =« Intervention (inqu:ry teachmg package)
0= Posttest '

) 342 ﬂ_EL

Two Standard Ezgh:t Bmlogy classes (n = 64) ﬁ'om a Moclel C (state—alded) Pretona Iugh :

school were used in the main study. Socio-econamically the school environment can be

described as middle class. The school was used because easy'access'wés available to the

'researcher, ag the researcher is employed at the schoot (although he was away on study

leave the year the research was done)

The samplc used was Mn-randonused and unequivalent, as the use of two intact cI.:qses
was all the researcher could use because of timetable constraints. The spin of a coin,

however,; detemuned which one of the two classes would receive the mqlury package '

(the expcnmental group).
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- The mqmry group was made up nf 35 pupﬂs wn:h the ma]onty of pupﬂs bemg 16 ;Lars _ .'

o 5_01& There wera 30 white and 5 black pupils in the class, ‘The expository group had29

 pupils (26 white, 2 black and 1 Indlan), vnth the majotity of pupils also being 16 yeam -
old. Pupils were aliocated to the twa classes at the beginning of the year on the bams of -

subject chmces and niot on the basis of acmevement Each of the twa classes had S

_' roughly the. sama number of puplls fcom SA, 8B 8C 8D etc

R _3.-4;_3

Progedug:e
Attitude pretest

| The pretest of the Amiude Tawards' &hoaf Biology Te.s*t was adm1mstered thrce '

o mottths pr!or to the stmt of the i mqmry wachmg package. ThIS was done so as

ot to have the pre- and postfest too close to each other as it was thought thatthe
| -PUPIIS may’ be suscepttbje to persuasion and answer.as they dld bcfore, 1f thiswas .

__ Teachmg ofpackage

. "1:\ .
.‘x

Y

The i mqmry package was not taught by the reseamher but by thc teacher who had

been teachmg the two classes throughout the year, This was done so as not to

- have puplls know that an expeﬁment was. bemg conducted. Possible researcher
3 blas would also be eliminated with the chosen approach The teachet who taught

the packagc was a 51-year old male witha doctorabe i physxology, with 8 years

of teachmg experience at suhnol 1avel (he also has extenswe expencnca 111.

_ :.sclennﬁc research and tertlary educatlon)

 The teaching of the package procseded with arrangements made regarding tnne,
- allocation of penods for completmn of workshcets and general planning’in-. -

accordance with the outcdme ofthe pllut study As was the case with the plk:t "

'study, the mseamher provxded various specimens, eqmpment aud materials that -

- the school dld not nave These were all del vered to the schoal in good time,.

The exposnory group prnceeded with the typlcal lecture—type a,pproach to their o

’ Iessons Puplls in the expository group were occupmd dnrmg lessons by -
 listening ta the teacher's explana_tm_ns, copying downnot_esanddramng dx_agram '
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from' th.e. tei{tbook into thelr netebooks A pracneal Seqawn mvolvmg a
-."msseenon of 2 heart was held at the end ef the section of work, Although_ o
o praetlcai work was done ﬂus was not “inquiry”. The pract:tcal served to verify - -
B facmal content that was prewously “exposed” by the teacher through lecturing -
ete. The puplls were thus passive rec1p1ents of factual mfonnatlon given by the -

. | teax:her Tlus method can be categorlsed as an “exgosxtory approach”

~ Posttests - _ - _

.+ The posttest efthe Attitude Tawards School Bialat, ¥ 5t was admwstered o :
| ) both groups two days after the eompleuen of the teachmg package to the inquiry

. group “(The exposﬁory group had compieted the sect:on of work on the human
| mrculatory system 5 days before) ' ' ' ' o

Tlues

. The Test of Understandmg was adnnmstered to bdth groups on the same day_ :
T e. one week afcerthe completion by the i mqmty grm; . ihe teachmg paekage - |

 The admmzstenng of both the posttests went off mthout any‘ dlﬁcuihes

3.5

) -ANALYS__'!S o.F‘_.DAm |

- The mgw:y and expasxtor;v group results on the TOU were compared usmg dcscnptwe

StatlSthS, and are presented in Chapter Four by means of tables and graphs. An analysis
. of covariance (AN COVA) using the school’s most recent Blology examination result as
the covariate, was used to determine whether differences in mean scores between the two
groups were staﬁstiealiy significant or not. ANCOVA enables the adjustment of the
- posttest mean seores for each group to compensate for the initial differences between the

~ groups,

Separate means and standard tlewatmns were also calculated and tabulated for the hlgher
and standard grade pupﬂs in each group. AN COVavas slzo used to determine whether
differences in Higher Grade means and Standard Grade means between the two groups
were statlsucal ly s gmﬁcant or not.
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E Item analyms was canducted for four Items on the theory test [questmns 1(@3 an:i (b) and -
S{a) and (b)]. These Were the 1tems whlch were thought 0 test understandmg rather thar! -
- factual rec;all and they were used m order to comparc thc results of the nem analysns for
" the two dlfferent teachmg approaches L |

- 3 5 2 A ;gﬂe Tgwagis gghgol Big[agg ga; _ . -
- Raw scorcs of the Atm'ude Towards School Bzalog: Test (pre- and posttest) for both

. groups were annlysed usmg descnptzve statistics and presented using tablcs and graphs. -
-An e\)nalyszs of covanance was used to determine whether dlfferences in posttegt mean

o scores between the inquiry and expos:toxy groups wcrc stanst:callv s:gmﬁcant or not.

| Pretest scores were used as covariates to compensate for initial dsﬂ‘erences mn attltudes._ .
' of the two groups pnor to mterventlon ' ' ' e
. An xtcm analysm was conducted for th:ee selected items (3, 6 and 8) ﬁom the Attitude
Towards School Bzalogy Test. Stu&es by If)hnson (1976), Mason and Kalﬂe (1988) and )
'Ajemle (1951) have shown that smdenm find mquuy—onentated classes to be more

| anjoyab,lg than exposrtory—onentated classes. The three named items focus on the aspect ) o

B - of cnjoymcnt, g0 it was demded to compare pupzls’ responses of the two gmups \mth

- _';regard to this aspect. A ch:—square test was used to determine Whe"he’-' differences

between expecte& and obtmned frequencies ofpartlcular respenses by the pupils to 1tems .
'3, 6 and g were mgmﬁcant or not. In Chapter Four the results aﬁtamed are presented and

' dlscussed

.. ) ﬁ,}-_,g‘.- . '
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' Thls chapter descnbex the results obtamed nsing the te7o research mstruments descnbed
in the previous chapter. The Tesr af Understandmg was demgned to test pupil .
* understanding of the human cxrculatory system. The Attitude Towards School Biology .
- Test measures 4 smgle dlmenmon ofa genetal attitude towards science - Spec1ﬁca11y,
: how pupils feel towards biology asa subject in school “These mstmments were used to -
| . determine whether a difference cx:lsted between the inquiry and exposltory approaches -
to teaclnng (as used in this study), with IeSpect to pupﬂ understandmg of the human_
' czrculatozy system and pupll attltude towzm:ls bmlogy as a school sub]ect

41 RESULTS OF THE TEST oF UNBERSTANDING (Tou;-

| Levels of understandmg as - ,.*:[ected by. the marks achleved by the pupxls in the inquiry

 group on the TOU were cOmpared to those of the pupils in the expomtory group This
was done to determme Whethar any difference existed betwecn the two groups in terms ;
of puplls mlderstandmg of the human clrcldatory system. ' |

411 M@le_elagic_o_mis.ens - .
' Tabie 1 shows the descriptive statistics of the raw scores for the Test of Undcrstandmg

(rou)

Tab!e_I ¢ Descriptive stati&ﬁcs for the TOU (whole class comparisons) _

s _ = T
Sample size . n=3% . n=26
| Mean score fout of 64) - TOU | 1971 | 1s07
Mean%.TOU | . 308 - . 208
Standard devistion {of % scores} | 19,1 I 19,5 :

Levels of understanding as reflected by the mean scores of both the inquiry and
expository groups are stmilar, and very low. The inquiry group has a 1% higher TOU
‘mean than the expository group. Values indicating the distribution of scores (standard
deviations) also show similarity with the higl levels of variability of scores around the

~ mean in both groups.
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| In order to 'dé'terlmi'ne whether diff'efénces in TOU scores of the tv\id ngups are
| 'statzstically mgmficant or not, an anaiysm of covanance (ANCOVA) was performed 10 _
| _: campensabe staustically for initial dlﬁ'erences between the two groups The June exam
‘scores were used as the covariate. The results of the analysxs of covariance for the TOU
| scores arepresentcmeabch I PR ' '

x Tq&fe 2 Analy.s*zs af covariance for T OU Scores (usirzg June exam scores as N

. covgriates). R . .

Source negraes o Su'm_ Mean_ square 1 Fvalue |
L _ol freedom _ ofsquares [ - | . -
Group .} 1 o a2285 | a2es
Test | 1 | asesds | 469346
_ Gmup'xT_est' L 1. .1 '1.51',55*__ o '151.35'E | o058

' Analysxs of (.ovanance on the results of the TOU for the two groups ylelds an F-Value E
. (0,58) that mdlcates no sxgg;ﬁcant differen between xhe inquiry and exposxtory graups '
_ at the 0,05 level of ‘significance aﬂer the nnnal dlﬂ"erem:es between thc groups has been
 taken i into account. This means that there is a grcater‘th&n 5% chance that the dzﬂ'erence :
- 'mmeanscoresofﬂletwogroupsmduetochance o ' '

Looking at mean scores of the TOU (as an'indi:c':atit)n af the level of understanding

achxeved) did not reveal any di_:&‘érence between the two groups. Tt was therefore decided
to look at the distribution of scores to determine if any trends were detectable. Table3

' .(.02; the following pagc)' shows the percentages of 'pupils"in S;he inquiry and expository

groups respectively scoring within the mark ranges shown, "I‘hf: table shows relatively
high percentages of puplls ﬁ'om both groups in the low mark ranges, Both the inquiry

~and expository groups have half the class with a score of Iess than 17 out of 64, The

exposntory group has almost a quarter of the class m the 0 - 8 mark range, whilst only

-16% of the i mquu-y group scored as low as this. HOWEVcr, 35% of the pupils in the
' mquuy group scored in the (9 - 16) range with fewer of thte expository pupils (27%)

scoring in this range. The majdrity of pupils in both groups ﬂms revealed a low level of
understaudmg of the content. The percentages of pupils in the higher mari\ ranges {with
higher levels of understandmg) are Iow for both groups a.nd a very sm:llar distribution

52



ey

- pattem is obServed for the two groups. One pupll inthe mqmry group managed a score
o irt the 49 - 56 rangemthnopupﬂs in the expository group scoring in this range, 'I'he _

- results of the TOU thus reveal a positively skewered d.lstnbutlon curve for both groups

(see F:gu.re 2 below) indicating that only a small number of pupils had demonstrated a |

thorough understandmg of the work (See discussion on page 56 concerning the use of - R
parametric statistics on small samples and in the absence of normai .dlstnbutlons).

| Table 3: Perceﬂtages of, ngpzls' in rhe inquiry and expasztory graups sconng wu‘hm a

.s;pecy‘ic mark mnge on the TOU _ —

. Markrange * Inqulry group | Exposttory group
: =3 0226}
T o sem o e

BRI - _11(35%j R R CON
ar-2 | sew  asw)
-_'za;sz' O stew o o 415%)
I T Cosew) [ . a(s%)
R T 162% R T L
N 48-56 ._ _ o . fl(3.2%} R I
'-'_57-64 . 0 N N o

The trends in the dataam more easily ccrmpared when the results are shown graphmauy' '
- (See Figure 2 below) '

; O e T s et e '
0-8 9-16 '47-24 25-32 33 40 41-48 48- 56 75~ 84
Mark ranges -

Inquiry group B =xpository group

 Figure 2: Comparative bar chart showing the percenragw of pupils in the inquiry

and expas:tory groups scormg within spec:ﬁc mark ranges
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- : The results mchcate that pupils perfomed poorly on the Test of Undersrandmg It also

mdlcates that the i mqmry pa.ckage nsed irt this study did not result in pupﬂs develc)pmg
a bcttcr understzmdmg of the cxrculatory system than puplls recetmg exposﬁory

'teachmg, ashad been expected. This was dlsappomtmg, as the mean pcrcentagc of the
' mqmry group is almost 19% lower than that achieved by the i mqlury saJ:(:lpIv usedinthe
. pllot study ' S '

Onc' possible reason for the disappoinﬁng results may be the szommawmmamstances '

‘that preceded the commencement of the teaching of the mqulry package. The twd

' ciasses mvochd n the study were not “taught’ for the t*vo weeks l&admg upto the main
| tudy “This was due to a colleague in the sclence d- 'Jam* e f'aumg ill and the teacher

involved in the main study being called upon to teach the | *mtziculants in preparauon of

their final exammtmns rather than tcachmg his own classes. “This. resulwd in the L
| Standard Eight pupils involved in the study doing unsupervised self-siudy for two
-Weeks prior to the start of the study Tt may thus be that the pupils had Tsccome

unaccustomed to working hard at the start of the study anid therefore might not have

: completed the inquiry Workshe:ets as diligently and as thoroughly as was requlraﬁ This

woL have resulted in pupils not developmg the expected levels of tmderstandm,g of the
-content. It must, howev_er, be said that _the teacher involved in the study indicated that .

' the pupils worked diligently in completing the inquiry worksheets throughout the study. |
*‘However, he also reported that pupils often answered the questions superficially and not

as in-depth as expected. Pupil answers \ere “not particularly incorrect answe. ~ bt
vague answers as if the pupils have difficully in expressing themselves in describing
what they see.. Easier to provide oral answers” (See teacher feedback on page 126).

Costenson and Lawson (1986) express the view that inquiry learmng places greater
demands on student reasoning ability. They hold the opinion that most high school

' students are “concrete operational” in the Piagetian sense and that inquiry is guided by

“formal operational” reasoning. A study by Hall and?Mcc:urdy (1990) showed that in
their sample of 119 college students 60% of them operated below the Plagetlan formal -
operationial development stage, ' '



In South Afnca pupxls take their schcol suhjects en one of two eeademzc levels i €.
“Hzgher G:ad ar_i:l “Standard Grade”. ‘Greater cogmtlve demands are placed on pupuls
onthe Higher Grade, apd it is reqmred that at least 40% of questions | m the final

' exammatmn should  ASsess h1g11er cognitive skills such as analysis, synthems and
 evaluation. Pupils in Standard Grade deal with less content (shorter syllabis) and are

' predenunanﬂy tested with factuai recall quesuons The. reeemeher of the study discussed

~in this report thought that the “Standard Grade pupils present in the sample used wauid
- be “conerete operauonal” It was there&re decided b‘y the researcher to look separately

at the perferrnaneesef the ngher Grade and Standard Grade pupils on the TOU Table
g 4 shows a comparatwe summaty of the scores of the ngher Grade pupzls '

Tab!e 4r Camparanve de.s‘cr:ptwe .s‘tamttcs af ngher C?;ade pupzls .s‘care,s ﬁ}r the

' TOU _ .
Sfampléslze IR N - 20 R - 18 '
' Mean score(outofeaj -Tou A amo {0 tess
Mean % TOU - o m7% . | 308
_Standarcl deviation {of % scores) 193 1. o088

The pupils inthe inquiry group acﬁieved a 7% higher mean petcentage in the June exam
- {three. months. pner to this study) than those in the expomtory group. B may thus be that
the Higher Grade pupﬂs in the | mqmry group were eapable of better achievement than
 those inthe exposztory _group at the start of the study. The 8% higher achievement bythe_
Higher Grade inquiry pupils than the Higher Grade expository pupils on the Test of
Understanding may thus not be significant. In order to check whethes dﬂeﬁnees n
TOU mean scores of the Higher Grade pupils in the two groups are stafistically
significant or not, an atalysis of covaridnce was performed, despite tk: e!sm.- 1 -se.m};Ie and
~ the absence of a normal dlsmbl.tlon of scores. According to Borg and Gall (1‘)89) the

~levelof mgmﬁeam‘ is mﬂuemed toa considerable degree by the size of the sample By

 nature of the formulae used to determine significant difference, the smaller the' sample
size, the bigger the diﬁ‘emnce needcd to reach & given level of sxgmﬁcance._

: Parameinc statxsncs make certain assumpnens about populam‘* parametem, one ’oemg
that the scores are normally dxstnbuted about the mean. vhen Iarge dewatlom from.
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| In South Afnca pupﬂs take their school subjects on one of two academic levels i 1 e. |

: “Htgher Grade” and “Standard Grade Greater cognitive. demands are placed on pupﬁs

on the nghcr Grade, and it is reqmred that at least 40% of questwns in the final

examination should assess higher cognitive SklIlS such as analyms, Synthesxs and
evaluation. Puplls in Stanﬂard Grade deai with less content (shorter syllabus) and are

_prcdommantly tested with ,_Eacmal r__ecajl questions, The me_archer of the study discussed

. in this report ihc)u_ght that the “Stanuard Grade” pupils present in the sample ﬁsed_'wmﬂd
be “concrete opetational”. It was therefore decided by the researcher to look separately

- at the performances of the Higher Grade and Standard Grade pupils on the TOU. Table -

4 shows a"compaxativé summary of the scores of the I-Iigher G:ade'pupils.

- Table 4+ Compararrve descrgzmve sraramcs of Hi gher Gmde pupzls scores ﬁ)r rhe_.

TOU . ,
"Samplesize N R ;. .20
| Moan score (outof 64} - Tau b aams
'Mean% oy o 1 . 387%
Star’idard deviaﬁon {of%scores] i ' 18,3

The pupils inthe inquiry group achieved a 7% higher mean percentage in'the Juhe exam
(three months prior to this study) than those in the expository group. It may thus be that

- the ngher Grade pupils in the mqmty group wers capabie of better aclueVement than_

those in the expository group at the start of the study. The 8% higter achlevemcnt by the
. Higher Grade inquiry pupils than the Higher Grade expas:tory pupt_l_s on the Test of
Undersianding may thus not be significant. In order to check wheher differences in
TOU mean scores of the H;gher Grade pupils in the two groups are statu.tically

‘significant or not, an analysis of covariance was performed, despite the small sample and
the absence of 2 normal distribution of scoms According to Borg and Gall (1989) the

level of significarice is influenced to a considerable degrée by the size of the sample. By
 nature of the formulae used to determine significant difference, the smaller the sample
size, the bigger the dlfference needed to reach a gwen level of s1gmﬁcance

' Parametnc statistics make certain assumptmns about populatlon pa:ameters, one bemg .

that the scores are nonnally dlstnbuted about the mean. When large deviations ﬁom



sh

these assismpﬁons are present in the re'sea‘rch data, parametric statistics should not bé |

- used (Borg and Gall 1989) Borg and Gall (1989 561), hoWever, recomend the

followzng

“When research data meet the msum_pt:an of being interval scores but do not :
* meet the assumptions of normal distribution and varzance homogeneuy, we stﬂf

advise you to use one of the parametris, statistics ...”
“The mair reasons for recommending the use of pammetr:c statistics in rhese
situations are that: -(1) studies have shown that moderate departure fron: the
- theoretical assumptzons has very liftle effect upon the value of the parameiyic
- technigue; (2) non-parametric statistics are generable less powerful, that is, they
 require larger samples in order to yield the same level of significance; and (3)
Jor many problems . encountered in educational research, sm;‘able non-

- paramzfrrc fests are Hot avaxlable '

'-_-The results of the anaiysm of c@variance are presente’d in Table 5 below,

Tab.'e 5: Analyszs of covariance of ngher Grade pup;ls score,s' on the TOU (wmg

June exam resulls as covar:are,s‘)

Soun_ce S Dagrees of | Sumof ' Meansquare | F value
| Grouwp - | 1 | 960463 | 980463
Tt | 1| 2sa2388 | 2ae2388
Group x Test 1 0,2516. _oz5t6 0001

Analysis of covanance for ngher Grade posttest seores on the Test of Undersrandmg
2Ge (F va.lue = 00(}1) beiween the experimental and

: comparison groups at the 0,05 level of significance. ‘There is thus a greater than 5%

chance that the difference in mean scores of the Higher Grade pupils of the two groups
is due to chance.

The results therefore indicate that the Higher Grade pupils in the inquiry group dl.d not
 develop a significantly better understanding of the circulatory system than the Higher
Grade pupils in the expository group.

Compénsans between the levels of understandmg of pupils as reﬂected by the _
performances of the _Standard Grade pupﬂs- in the inquiry group and compans_on groups
are presented in Table 6 on the following page.
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Tabie 6: Camgvamtxve de.scrzptzve stat:stzcs of Srandard Grade pupzis scores far the -

- TOU . L -
.Samplesize : B R I R
Mean score (out of 64) - Tou 104 B SRR A A
| Mean % - TOU A R -3 THN SRR & 4 S
Standard dswatlon(of%scores} . — 181 N i ' '_16.'4 )

R The Standard Grade pupﬂs i the comparisun group aohmved an II 4% thher mean .

' score than those of the mquu'y group Furthennore the | mqulry pupils showed adropof =
23, 7% in mean scorc ccmlaared to their June mean percentage The compans.on group L
- showed a much smaller drop of 7,3%. The comparison group a]so revealed a smaller - |
' standard deVIaﬁ' kb mdmatmg less vanabxh‘gr of scores around the. mean comPared tothe =

' mqu}’ group.

' These r&elﬂts seem to mdlcate that Standard Grade pupxls in thls samplc have beneﬁfted o

‘more in terms of understandmg the cuclﬂatory system from a sizuctm:ed trachtmnal
: lecture approach than from an mguny approanh. The small numhcr of Standard (n'ade
puplls in each | group, however, make any gensrailsable mferences zmposszble _

An analysm of covanance  was perfo:med o detcrmme whether the 11,4% dxﬂ’erence in -
mean score betwacn the groups was stansncally mgmﬁcant The results of the analysxs L

of covanance are presented in Table 7 below.

k _ thbte 7 Anab;szs of cavarzam'e of Smdard Grade pupzls scores on the TOU (usmg
' June exam results as cavanate.s'i

Source S Degreesof Sum ofsqua:_'éa. Ma‘anaqua’i-e - F_valua .
I Group ) 1 R - 34807 _ 34897

“Test {1 1 | sz | sus2 _

Groupx'l'e.s't' 1 _ 766.6’5& 1 766.68& ] 7

Analysxs of covariance for Standard Grade posttcst scores on the Tesz‘ af Undersfandmg
reveals no s1gn1ﬁca11t dxfferences between the expenmental and comparison groups at
the 0,05 IeVel of sxgmﬁcance It must be borne in mmd that the small sarnples mvalved
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suns v very wwikely to obtain statis'tically signiﬁcant I'GSultS, evenl lfdlﬁ'crcnces exist. '

It appears that Standard Grade pupils benefit more from a more traditional approach o

teachmg ‘which does not reqmre them to think or to take responmbxhty for thcu- own.
leammg The results, however, showed 1o s1gmﬁcant differences. '

414 m_amly is of TOU questions Jndhf | |
Qu&stwmz I(a) and (b), 3(a) and (b) are co:mdered bythe researcher to be questmns that

'testunderstandmgratherthanfacmalreoa!lonly It was decided to see 1fthcrewereany

dlﬁ‘erenses in pupﬂs responses to these specific questlons by pupﬂs of the i mqmry and
exposnory groups Itwas thought by the researcher that pupils that had used the inquiry
approach to leammg ahout the cuculatory system may havc developad a h:gher level of

_ understandmg

' The inquiry and expository groups pupils’ responses to question 1(a) and 1(b) of the
o TOU (based on the blood systesu of a human foetus; see test qucsnons Appendix D on
_page 130 andmarklngmemorandumAppendeonpage 135) are comparedmterms of. .
the nurhbet and percentage of pupxls in each of the foﬂowmgcategones ' |

« Mo 1mderstandmg . = {no cotrect and relevant statement ~ (¢ msrks) o '
' Slight understanding -~ {t least one stalememthatm be regarded asrelevant andcarrect- '
' o . 1 mark allocated) .
* Partial understanding - {two or three relevant ‘and comect statements, but answer ot
- .. ocomplete; 2 -3 marks allocated)
o Full nndarsmndiug - Four correct and relevant statements, answer complete - 4 marks
- allocated.

The results of the analyms for questlon 1 are shown inthe followmg table

Table 8: Number and  percentage of pup:ls in each categary af undersrandmg' Jor

queshons Ia) and (B) of the TOU

Extent of undarshndlng :

Question |- Nome = | ..sli'ght ' _ Partial Fal
{0.M3kE). e LB {2 -3 marks)_ dmarisy |

" Number | Number |  Number | Muriber Number | Number. | Number | Number
of pupls | of puplls - ofpupils | ofsuplls of pupils | of puulls of pupils | of pupils |

Inquiry | Expostiory * Inquity | Expostiory Inqulry . { Expositty | Inquiry | Expository

o - =) | (=2 (I1=31)_ _ (ﬂ‘—‘~2§} (n=81) {n=26) | (n=31) | {n=26)"
1(a) Bz sEesk) | stein] oo%l | a2 | 1A% | 265%) | 2007R

1(b) | ooesw)|1resan) | 7ezew)| s@w) | 258w | sciew) | 2Aesw) i opw)
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. Many pupllsfrcni both groups got no miarl_{s for-'questioné l(a)-ar_ld (b). T]i_e gXpo.sitdry_ '
. group performed particularly badly on question 1(a) with a greater percentage of pupils

than from the i mquu'y group falling inthe no understandmg catcgqu Very few pupils

’ from mther group, however, had a ‘full understandmg of the content The results.

obtained ﬁ'om this analyms mdlcatc that the puplls 2 the inquiry group did not appear . |

_to reveal a better umierstandmg of the questlonec‘ aspects of the clrculatory system in |
' companson w1ﬂ1 the pupI]S in the expomtery gmup ' '

Ta‘ 9 be.low shows a comparison of how the two groups pcrformed on quesf:ions 3(@

| and (b)

- In both the i mqmry and exposﬁory gro'Jps pnpﬂs responses to quesuon 3(a) and 3(b) of' _
o thc TOU (deahng with: the dlffcrences in the thickness of the walls of- atr:a and. _
\mntncles) are compared in terliss of the number and percentage of pup:t*s tn each af the EORRRE

. following caiegones
‘s . No understanding - ifno relevaut or cotrect seatementlsmade Omﬁrks allocated Sl
.. Understand - - if one or two relav:mt (and currect} statements are made: 1 - 2 m_arks .
g B allocated. S : - ' -

Table 9: Number and percentage of pupils in each category of understandmg’ far
quesﬁons 3(::) and (b) afrhe TOU o .

Extentomnderstnndlnn . | "

Question || Donat Understand (ﬂ marks) Undemtand (1 =2 marmi i J‘I
Numherof_puplls Nuember of pup:ls Numherofpuplls Numbarofpupils -
Inqulry Expository Inguiry ' - Expository '
{n=31) - {g=28) in=31 =26y
 3(a) 27(87,1%) 22(84,6%) 4{12,5%) AA5A%)
3(b) 27(87,1%) _ 22(84.6%) 4(12.9.%). '4(-15;4%}

The majority of pupils in bot'h. groups have not shown the expected Ievel of

_ understandmg of the content. The exposﬁozy group has a slightly 10wer pementage of

puplls (2,5%) in the 'no understandmg' category whllst they have a shghtly hxgher R

.pcrcentage of pupils (2, 5%) in the 'understand' category Very few pupils from either

group had an understanding of the content required in questions 3(a) and ®)- “The pupils
taught using mqmry methods did not seem to demonstrate a greater understandmg of the
gquestioned asp_ects of the _clrculatory system. than the pupils taught by more traditional -
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oo 1 retestm=2¢ | --'Pm'test",(n_-'-zs)
' '-.:;Meanscore _— X 518 ' o484
B _.Standard deviatlon ' S 47 | i ssr
‘Cronbach Alpha Rellabllity | -~ 096 N 081 -
B Pcstfest(n 35 |  Posttestn=28
‘Meanscore | 828 . | 486
 Standard deviation | s8¢ i 82
Cronbach Alphatelizbitity | 092 | . 095

"cxp.dsitbr}." methods.
- It thus appears that thé inéthir’y package used in this study di-ﬂ_ not result in a better
- understanding of the circulatory system by the pupils using this method of learning, |
42 ATTITUDES TOWA'RDS' SCHOOL BIOLOGY

' The Attitude Towards Schaol B;oIogy Test was used to measure how pupxis foel mwards .
' bmlogy as & schiool subject, It was administered »s a pre- and posttest to boththe mquzry.

and expomﬁory groups. Table 10 helow shows the changes in mean scores betwm.n the

R _ pre- and posttesm for both the i mqull'Y and eXPOSItOI'Y groups:

| _Taﬁlé Ijb Descnptwe statistics of inquiry and expos:rory group results on the_ -

A z‘t;tude Toward.s' School Bzo!o@) Test (buth prew and pa.mesa

_Slight imprdvgméntS" in atntudes (as reflected by mean scorés) for both gr_oupé a;re

| B oﬁ'servabie in terms ofpw and posttest compérisons The inquiry gfou’p méan scdre

'mcreased by 1,3 whxlst the eXpomtdl'y group mean score increased by 1,2, Thei mqun'y
group posttest mean score is 3,3 higher 1han that of the expository group, but they had_ |

: Iughcr attxtude scores. pricr to the interventlon It Would thus seem as if the i mqmry o

group did not develop more favourablc athtudes than thc exposﬁory group ‘after havmg : |

' worked through the i mqmry packagc

. An analyszs of covasiance was done to determine whether the d:ﬁ‘crence in posttest -
‘scores of the experimental and exposmory groups were statistically sxgmﬁcant or not, |
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results are shc:wn in Table 1 1

prerest scores as covczrzates)

‘soure. | Degreesof | Sum . “-i‘aeansquaré' vl
Group o TR 1690567 | 160056

Test B TR "-220'57 -l 22087 _ _
'Grdupxtést ' I T e "2601'597 i g B

' Anaiysm of covanance of posttest scores on the Ammde T awm'ds Schoo! B:olagy Test
_ ' teveals no mgmﬁcant differences bctween the inquiry and expository. grez,,,.. at the 0, 05 : |
- levelof significance, once the yzétext scores have been taken into account, ’Ehe teacl‘zmg SIS
: .and learning of th&"lrculatc*ry sysfem by i mqlury (as used in thls study) d,ld noet msult m N :
more favonrable pupll att:tudcs towards blology comparcd to the atutucles of puplls in

2 __the cxpoSltory group

Aiﬂ'lough the mean attitude s sco‘es dzd riot mvcal any dlﬂ‘erences, it was declded 1o look
- et the dxstnbutmn of scores mthm partzcular mark ranges The resulcs are shown ur-_ '
. Table 12, o S

Atﬂmde Towards' .S’chaal Bw!og ‘est (pre- and pasrresﬂ

surew  f

1 Numberof puplis '
B Markran_ge !nquiry group i . Exgnaitog !Eroug .
o  Pretest Posttest |  Pretest . Posttest
— {1115 S— {n=30)__, e lli229) -
A2t 258%) 8% | . 0ew | DE%)

2m 0%, L T I R 1 1 N
: "_'-_29'-35'_"_. __o_(d%) - 0(0%) 2(6,8%)- i _1(3.5*3&}- |
a4z REW 0 AMA% | s@rEm) . 204%.
a9 | oeeaw 8(22,8%) 3103%) 0 BR1A%)
- 5086 " 12(36.2%) CaEnaw) | e@iw) " 1346.4%)
57.63 617E%) . BUTA%) 6(206%) - - . &
| 411,7%) 3(8,5%) 1(BA%) L 00%)
6%

 affer prétest differences had been taken into account, ‘The pretest scores were used as .
" covariates to mmpensate for 1n1t1a1 attlmdmal dxfferences betWeen the groups. -The o

o 'i‘-'abl_'e I_I : Ana!ysxs af covariance of po.s'te‘est scores of the eszertmental arzd- .
: expository groups on the Attitude Towards School Biolegy Tesr (usmg'

Table I 2; Number and pementage of pupils scormg in pm'tzcular mark mnges on the



There are generally only slight changes in the percentages of pup:ls in the two group

. scrmng within particular mark ranges between pre- and posttest scores, It is of cours
ot pﬁsmble to determine whether it is the same pup:ls scoring within particular mark -
ranges in the pre- and posttests. Fxgures 3 and 4 prowde a visual unpressmn of the o
: comparatwe dlstributmns of scores of the two groups. - :

ih
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h
y
\
-

T .
o

% of puplls
-

w
3 848 |
__‘_i__.‘_,,e,Le._..___. SO S
TR

L o

. T S ey SR e s f . '.":_.' .
L 1421 22-28 29-35 36-42 43-4a 50-56'- 5'7-3_3' 64-76

Pretest - Pusttast

'thure 3 Compamtwe bar chart of. pre- and posttest scores within .s-peczﬁc mark
' range.s' for the mgy_r,ugmz_tp on the Athtude Towards Schoa! Biology Test

Figore 3 ehows a dxop' in thc percentege of pupils in the loWest mark range _based_ ena
comparison of pre- and posttest scores. There seem to bea smaller pefcentage of pupﬂe
with ‘negative’ attitudes and a slightly Iarger petcentage of pupils with more fa:veurable o
attifudes (thls is also shown by the slight i increase in posttest mean score for the i mqmry :
group) There is, hOWever a lower percentage of puplis in the lugh scoring categones
This trend is reflected by the lower standard dewaﬁon of posttest scores of the { mqun'y \
- pupils compared to the pretest scores, There is thus a more homogenous distribution of
posttest scores around the mean. It is, however, apparent that there was not much
difference in pupils’ attitudes towards biology after completmg the mqun'y package.,
| Theee results were dlsappemtmg as the researcher expected the inquiry pupzlsto deveiop
" more favoutable attitudes. ‘Perhaps the intervention period was too short to result in
attitudinal changes, Jt may also be that the looming end-of-year examinations influenced
the pupils” attitudes in a negative way. g ' ' : |



. Similar to Figure 3, F:gure 4 below shows tI».. parcentage of pupzls n mark ranges but
for the expository group, based on pre- and posttest seores, '

% of pﬁp_iis _-

Figure 4: . Comparative bar chart of pre- and postz‘esf scores (wrthm specxﬁc mark :

ranges) Jor the W on the Aititude Towards School Bzolagy
Test _

The bar chart mdicatcs a drop in the pexceﬁiage of p_lipils with postiest scores in the low . -

mark ranges (which are associated with négative attitudes_)' and an increase in the
percentage of pupils with posttest scores in the higher mark ranges (whtich indicate more
positive attitudes). There are, however, 1o 'posttest scores in the highest mark range s0

* that the mean score for the group nnproved only sl:ghﬂy The bar chart also shows that

the postiest scores are more homogcnously scattered as is also reflected by the lower
standard deviation score for the posttest. Perhaps the section on the heart is an
mterestmg one, no matter how itis taugbt

MMMMM iology Test |
Studies by Johmson (1976), Mason and Kahle (1988) and Ajewole (1991) have shown
' that many of the students fﬁey investigated found inquiry orientated classes o be more

enjoyable than exposniory orientated classes Three items from the Ammde Towards
School Biology Test that are thought to be closely related to the “enj oyment” aspects of '

the inquiry teaching package were selected They are items 3, 6 and 8.



 Ttem 3 - During biology class, T usually am interested

- Ttem 6 - onlogy is interesting to me and 1 enjoy it
| Item 8- Bmiogy is fascmatmg and fun '

. Forthc purpose of the item analysm puplls responses were categﬁnsed into posmve Gf | "
they agreed or strongly agreed with the item statement), neutral (if they nelther agreed
nor dlsagreed),and negauve (if they dxsagreed or strongly msagt'eed) 'I'he results are -

shown in the table beiow | '

Table 13: Item anat}fsw of selected items af the Amtude Towards School Bza!ogy Test R

|[ R lnquirygmp . E)mositorysroup
ll ftem - ~ Pretest (n=3§} Pretest (?' _2_9_) |
Number of responses - Number ofmspgns_es .
s Pﬂﬁm _Neutral | . "_I'__' NEHIEI . - _.
3 1 2 | e 6 B 13 5
6 27 | 1 1 19 8 2
: 3 .. 2 - 13 . _ - s 0 .
1 B8 | - 8 8 | 3 | 10
" Posttest (n= 34} - . Posttest(n=28)
. Numberofm_s_ggpge_s_ . _ _Numberofresponses .~ ||
20 | w0 | a4 14 8 6
2 | 8 2 20 7 1
28 5 1 18 7 3
77 1_§: g R ' 2 '1g

The inquiry group as well as the expository group showed an increase ix the total number
of 'positive’ Tesponses fror the pret'est.tn the posttest for the three items -bomﬁihed | It
wouldthus seem s Ifthedecreascmthetotalnumberof'neuh‘al responses mthe two
groups was due to more of the pupﬂs responding posmvely in the posttest. '

Thc expository group, however, had fewer positive responses to the three ilems
‘combined than the inquiry group. after the intervention period. In order to check whether

significantly more pupils who expgnenced the inguiry package find }:nology mteresnng_, :
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- and more enjoyable than puplls who had ﬁxpenenced expomtory teachmg, a Chl—»squa.re
" test was used.

' The Chl*square test was vsed to détetmixie whéther the differences betWeeﬁ the obtainet

ﬁ'equeuclw (posttest scores) and expected ﬁequencms (pretest scores) for each of the
two groups are mgmﬁcant or not. Separa’.te confingency tables were set up for each of th
three items (3 6 and 8) The rcsults are shown in ‘I‘ablé 14 |

' Tﬂﬁie,‘}.{. Expected and obmz‘ned ﬁequenmes of responses to Items 3, 5 and 8 jbr o

mqm:y and expos:torygmups _ )
S inquirygroup | '-Expositorygmup_'-t.
Natureofresponse | Expected | Obtained | Expected | Obtained
C | frequency | frequency | frequency | frequency
| f(pretest) | {posttesty | {pretest) | (posttest)
- |Positve | 20 . A
| fFEME! ._:..Ngml _-_'-_._:_10 o g - -8. | 13 :.._‘: I
| | Nepative | 4 B 8 .} 5
| Positive . | 29 2 ] 20 19
mEme [Meurt | 3 17 i B ANE
Nogative | -2 I e
'Posiﬁve_ N " TR SRS T T I RT3
nmEME Neutral - I . s 17 | e
' _Negative 4 1 3 3

- The sum of the ch1~square o) of the cells of the table for 1tem 8 jqelds a valuc of 8 4

which at 2 degrees of ﬁ'eedom is szgmﬁcant at the 0,01 level of ssgnlﬁcm ‘This would
mdlcabe that there is 2 less than 1% probability that the difference in assoclatlon between N
group and response is due o chance. Tt may thus bc that the inquiry package has caused

an increase in posztlve responses by puplls in the ingui -y group to the statement that |
| “Blology is fascmanng and fun”,

The sum of chl-square of the cells of the tablcs for items 3 and 6 ylclds valucs of 3 53 -

and 4,11 respectlvely which at 2 degrees of freedom is not significant at the 0,05 level of .
_ :mgmﬁcansc This mdlcates that there is a greater than 5% probabxhty of an assoclatmn' i
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betwzen the two groups and the typeof respon;c t iiems 3 and 6 being due fo chance,

I can therefore not be said that the inquiry package resulted in pupils in the faquiry
L group bemg “morc mtea‘ested m ‘class™ or ﬁnd.mg bmlogy more ‘ﬁnte:*estmg and -
enjoyabls » than thc pupﬂs in the exposuory group :

The results of this study thus feul o show a sngmﬁcant dLﬁ'eranoe in attl’azdcs of pupils in

. thei mqurry group and the expos1tory group towards bmlogy asa schoql subject. There
s, however, an 1nd1ca110n that perhaps the i mqulry nackags may havc cansed pupilsin -~
- the sample to find biology more "fascinating and fun". '

43 "FEEDBACK- FROM THE.Té'ACH-ER" |

- Cohen and Hohday { 1982) conte.nd that what mlght ’oe stansncnﬂy mgmﬁcant may bs of
no educational mgmﬁcance and converse!y that what might not be statlstlcalbr s:gmﬁcant
'may well have educatlonal mgn:ﬁcance The feedback obtamed from the. tcacher is- )
| regarded as importent as it is considered by this researcher as having educatzonal
_ s:gmﬁcance dsspxte the statlstwaliy non-szgmﬁcant results obtamed in this study

A ﬁlll evaluanon of tiis ljes.sonsl of fhe. teaching package by the'teachsr'who taught thehi
is mclud‘ed as Appendzx C on page 120 . The main points made by the teacher (who - -
taught both groans in this study) seem 10 be the fact that the i inquiry pupils “enjoyed the
mvesaganons, perhaps due to the novelty aspect”. Although most pupils “relished the
idea of the "hands-on' activities, some ngmls were squeamlsh’ and pre‘érred fo withdraw

Jfrom the activities”. The teacher, hcwgver, repeatedly commented after each lesson that o

the .-pupils .‘*generallj: enjoyed the investigations".

Anofher important aspect of the fepdback from the teacher is the increased demands

- placed on the teacher in terms of f:supervision. ‘Some of the activities in the:lcs'sons .

provided opportunity for “horseplay” (e.g. the “stethoscope” and “water pump”
mvestxgahons) Pllplls also needed help in handlmg the apparatus and speclmens
correctly A verbal comment was made by the teacher in questlon that perhaps a

_ 1aboratory asmstant should be present at all times dmng “mqmry lessons” to "keep an
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- eye on 't_ke proceedir}zgs""'and_m_*‘kgéb fhe tfoub!e—maker; dt'bay_”, |

A\nother xssue ralsed was rhat puplls also 'tended to answ;ar the mqmry warkshcet

qusstzons superﬁclaIIy The pomt was made that “it seems as if; pupzls have dj ﬁcafgz in |

e,xpres.gmg Ihemehres in descnﬁ mg what they see”. The teacher also report@)d that the

pupils found it difficult to xelaﬁe the ENSWers to. the mformatxon supplied, pa:ucularly .
' when the mformauan is in the form ofa graph The tencher suggestcd that some. of the_ o

content is perhaj::.s a Izttle too ab;s‘fract for most of the pupz!s

‘.

'. - Overall, the teﬂc}wrexpressed thé x:riéiv‘ﬂ'zét iﬁe s;:ries lessons went oﬁ well and that_' o
" the meshgahons were generally well enjoye¢ He mdlcate& that he would certamly use _'

."\..

~ more mqmry Ieammg inhis own !eaclnng in ﬁxture

o e
T H
o

6?
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. Chapter 5 - Discussion and Conclusion

An attempt was made in thls study to answer some questions related to the effectweness |

' of an inquiry approach to teacning and Ieatmng, specxﬁcally, whether an mquuy '

approach to the teaching of the human cmulatory system to Standard Eight Bmlogy h
| puptls tesulted in greater understandxng and whether pupils taught by inquiry would
“develop more favourable attztudes towards Bmlogy 88 a subject. at schom Smce this
'research isa small scale study it can in no way provide conclusive answers to the
o questlons posed beyond the context of the case study conducted The ﬁndmgs of this
study miay, however, serve as a besxs_. for future studles_ in this Feld, '

1 "LIMITATloNS OFTSTUDY

' Borg and Gail (I989) provxde ewdence of i unportant weaknesses that oﬁen exast in
educational research and pomt out the lmpartance of such weaknesses bemg identified -

_ and acknowiedged by researchers and reviewers ahke in welghmg research results. 'I‘he )
' follomng factors are pmbably shortcommgs of the study reported

The sampie used in this study was not obtamer‘ ramdomly and can not the:efere be
_ considered representauve ofthe largez populatmn This makes the resits obtained non-
- generalisable, The sample was also small which makes it more difficult to obtam results

mevealmg significant differences (see dlscussmn on page 56 ine Chapter 4).

- M&m&eﬁbﬂ _
| _The short intervention pev.od also makes it dxfﬁcult to get sxgmﬁcant mﬂerences
pamcularly in terms of changing pupils’ attltude_si Researchers such as Mason and |
| Kahle {1988) and Ajewole (1991) recommend long periods of intervention in order to
“bring about changes. in attitades. - They do -ﬁOt, -however, indicate how fong the
‘intervention should be. Some writers, notably Gegolin and Swartz (1 992), s’upport.ﬂle
-view of the educational psychologist Ge'gtié that attitudes can change ina short period of
 time. The three week intervention penod used in ﬂus S udy may well not have been
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Sufficienﬂy lon_g to bring abbutfa-(:hén'g'e in pupils’ attitudes. | _

- Ij]g pllot study - o

Another problemahc 1ssue in the study is that no specific stcps were ﬁaken durmg the'
_pxlot testing of the testing instruments and of the 1 ingniry package to gathcr.darta_ from _the
 pupils about any problems they may have had. The pupils could have been asked to

think more carcftﬂly about each instruction on the worksheet and every iteﬁl_i_n the tests

and 1o then write down any problem they may have had. Perhaps more problems with

insh*ucﬁous in the worksheets and quesﬁons n the tests would ha\}c come to light. The
' teacher mvolvcd in the pzlot study was used as the only source of information as to |
problems with the i mslmments and the package. The teacher was instructed to questlon -
the puplls on whether they had any problems in understandmg the instructions on the
- worksheets and questions in the tests. Minor prohlems cmerged usmg th13 procedure - |
It may well be that other problems would have emerged Jf a more d.u-ect method was

- used to obtam lnfomlatlon ﬁ‘om the puplls

- Thmﬂ___m_ﬁe_tes_t ) _ . .
A problem associated w1th using Likert scales in attitudes research is that they yleld '

* continuous scores which are then often analysed using statlstlcal methods which are
: apprgpnate only fq_r interval data. Kerlinger (1 986} states that the use _of the_.ss statl_stlcal '_
methods on data obtained from Likert scales is a widely used rcseérch prastice.

.~ Also, concerning the attitude test, it can be argued that perhaps purils' attitudes towards
the mode of i msimcuon itself should have been assessed rather than pupils' attitudes
towards Biology as a subject at school, Thls may have been more appropriate in the
context of this study.

Another issue rcgardﬁd asa shortfall of thc study is the fact that o on the attltude test |

| qucsﬁwnmre pupxls were not asked to indicate the grade on which they take Blology _ _:' |

It was also impossible to get this information fromn class lists as the pupzls completed the
attitude test anonymcusly It would have been interesting to ucompare ngher and

. Standard Grade pupils' attitudes separately fcr the two. gtoups as was done with the

results of the Test of Understandmg
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B '1wo groups proved

o The iow scores achieved b}r ths groups on tha TOU mdmatc Iow Ievels of understandmg o
' of’fhe circulatory system, The test was considered by this rescarcher and by the pro;ect |

supervisor to test understanding rather than factual recall that can be_mte—leamm Ttmay

 thus be that the test was too difficult for Standard Eight pupils and that they weie not
_ capable of dcmonstratmg the level of understandmg tested, This w'w, however, seems

fo bc rcpudlatcd by the TOU results of the group used in the pﬂot study.

o -_5’.2 : SUMMARY OF anmss .

e Inth1s section the ﬁndmgs of the twn rescarch quesnons that this study set out 1o answer.

are dlscussed

-t 2.1 Do Stamlard 8 Biology pupn!s taught by an inqmry teaehmg approauh have' .

a better undarstanding of the- clrculatory system than pupils taught by a
tradmnnal expos:tory approach? . } '

- The res'u"l'ts of this study indicate that the pupi]s tanghit by an inquiry teachmg .apprOach '
| did not develon a better undetstandmg of the cxrctﬂatury system than pupils taughtby the :

tradltmnal exposﬁory approach_ An analysm of covanance (ANCOVA) venﬁed the :

. view that the d"‘F rence in mean scores for the two groups Mﬁiﬂhﬁ&ﬂx. |

‘significant,

During the snalysis of the results it was decided to compare the results of the Higher and

_ standaxd Grade pupils meach group s_e_pai.‘ately. The results indicate that the Higher

Grade pupils in the mquu}r group did not have a better understanding of the circulatory
system than the Higher Grade pupils in the exposxtory group. Analysm of covariance

‘showed that ie difference in mean scores of the two groups was not statistically

M Similarly, the daﬁ‘erence in mean scores of the Standard Gradc pupﬂs inthe

An iten analysis of pupils answers to selected questions from the test (thought by the-

researcher to test unde;‘standing rather than factual recall) showed that the inquiry

10



B paclcage d1d not resu}t in a better understandmg of the clrcnlamry systam by the puphs .
“inthe sample used i m thns study '

| Th.ls study has 'thu's fmied to shdw that the ini;uir_y_apﬁr_oa_ch {as used in this study) 1o
‘teaching the circulatory system to this particular sample of pupils resulted in a better

understandmg compared to the pupjls thai Were taught usmg an exposnory approach.

3 22 Do Standard 8 Blology [Jtlplls recewmg mqmry-onentated mstructmn, -
' develop more favourable attitudes towards Biology as a school sub]ect than

do puplls recewmg expasxtory mstruchon‘? _

- The results indicate that the pupils in themqmry group 'did not deveiop'more ﬁivomrablé "
N attitudes towards biology : as a school subject than the pupils in the expomtory group.
N '_ leferences in m..an qcores betwaen the two gmups were found ng;;g_bg_g;mﬂga_n_ by _' '
o an analysm of covanance ' '

B The 1tem analys:s of three of the itemns dealmg w1th mterest fun and enjcjnnent from the _' _

 attitude test revealed that both the inquiry and expos:tory pupﬂs had increasing numbers -
~of positive responses to the items m the Pposttest, A Chl-square test revealed that the |

differences between the obtamcd ﬁequenmes of responses (posttcst scores) and expected |

- ﬁequcucles (pretest scores} for the three 1tems combmed were not stat_:l,stmaily _

significant

An analysis of the three items-sepératcly was conducted. ‘A Chi-square test revealeda '
ﬂM@ﬂﬂﬂlﬂ in the frequency of tesponses bet\fveeﬁ the inquiry and expository - .
_ groups to itenn 8, “Biology is fascinating and fun”. However, the results for the other
two items (items 3 and 6) showed 1o mgmﬁcant d1ﬁ'm between the frequency of . .

positive, ncutral and negative responses between the mquny and expomtory groups

- This study has thus falled to show that pupx}s rccemng mqumy-onentated mstmctzon :
- deveiop more favourable ammdes towards biology as a schoo} subject than pupils

| - receiving exposﬂory instruction. HoweVer, there seems to be some evidence that
perhaps the inquiry approach has resulted in more pupﬂs in th1= sample ﬁndmg bmlogy' -
fascmatlng and fun, ' - '

7



SUGGESTiONS FQR FURTHER lNVESTlGA'! IQNS

el
k]

o Ttis suggested ﬂ;atmore stud1es be condﬁcted on teachmg bu;mg, perhﬂps wxﬂ; Iarger -
~ samples, longer mtervenﬁon penods and Wl‘th better control of extraneous vanablcs. It -
. is fuxther suggested that a quahtativc stndy be 1ncludec1 in further ':tudles info inquiry
P‘\ I _ - _ Ieammg as valuable: mformanon may emerge from observaﬁons of pupils at work m'
o ) mqmry classrooms Such studies nay & shed hght on the cqmvocal rcsearc,h ﬂndmgs'

.. .whlch abound in the ilteratnre descnbmg quantltatwe studles mto inquiry Iearmng

s
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© APPENDIX A
Inquiry teaching package
e §
Lesson i |
An introduction to the circulatory system

The purpose of ﬂns lesson istog ' imulate fitere th Jat _ .:. ) I‘t is hoped that
the questlons on the historieal background will get pupils to think cnﬁcaliy about early

hypotheses on_ circulation, and to become aware of the functioning of their own blood
system. The purpose of INVESTIGATION 1 (observing Daphnis under microscope) is to
give p_upii.@ an opportunity to see a living heart in action and make observations and

deductions regarding the rate of heartbeat.

‘5 8 © 6 ® o 8 o

sucleut Daphm in glass jar for eaeh group (Z 3 l!aphm per group) |

. one large and one small glass jar per group

bunsen burner and tripod stand.per group

erushed ice (at least four groups will need ice)
.'depmsion mic'rﬁscope. slides; threads of eottoh and coverslips )

one thermometer per group

mono/binocalar electric microscopes

graph -palier ( one shieet per pupil) |
Worksheet 1 - Introduction to the circulatory system (one per pupil)

e Itis suggeSte that pupils werk in g‘r‘bps of two or three at their "lesson s'ea"' and

- wark through pages 1 and 2 of the worksheet before gomg to their "praetleal work
benches" - allow 10-15 minutes for the answering of the questions on page 1 and 2.
® Pupils should have + 30 minates to complete INVESTIGATION 1, workmg in groups

of = 4 at their work benches. :




 The teacher is to allocate the témp'ératufe of the waterbath that each group must. [

repare (each group works at one Speczfic temperature Le. one of [i°,,5°, 10" IS" 20“ )

©,30° and 35°C).

: Ensure that puplls get the results fl‘om ﬂle other gmups at the end of .
' _H\IVESTIGATIONI to comp!ete the data table and plot the graph (once every group N

| has determmed the averagc heart rate, the teacher should collate the neadmgs and pnt_ :
_ - them onto an overhead transyarency so that pupzls can complete then' data tab!e) '

Pupxls shsuld be encourageﬂ to d:sams nbseﬁahom made and to dehate questmns that 2

o may ar;se as. they do the expenment. . _ |
e Itis suggested that the teacher answers pnplls' quatmns w:th responses that Would | -.'-:. :
o stimulate fnrther thonght and allow the pupils to.. "ﬂlﬁ(‘,ﬂvel‘ the answers for' -

themselves“ HﬂWever, 1t is nnportant that pupils be helped with queshons regardmg |
whay tl:ley have to do, and how they mmust do 1t. Tlus approach is fo be fo!loWed' B
_ througlmut the series of lessons. - ' S - R
'_ Answermg the questions and the plottmg of the g!‘ﬂph muist be cnmpleted at home 1f N =

there is not suﬁ'icwnt time in class.

E 'I'he teacher should encourage pnpils to start warkmg on their aSslgnment as soon as e

o posszbie ami emphas:se that it is s to be turned in wnthm 2 weeks.




Worksheet 1 - An introduction s the circulatary system

Recerded human intellectual history soes back at least 5 000 years. During the first 4 700 of these
years som nf the most | * - *tant facts about the body, mcludmg the blood circulatory system, Were' ' |
unknown 'ﬂns is not surpnsmg, for if you think of your own body, you will see that it is abmost '

" impossible ta guess what is happenmg fnside it, You can feel your heart beat and can also feel your -

pulse Yon can see and feei that your skm is sometimes pale and cold, somet:mes hot apd ﬂushed

_ What do the.se' observations suggest is happenmg to the blood within your body ﬁ'om time tﬁﬁme?

---------

-----

ooooooooooo

Early scxcntists from ancient tunes had v.; ius hypotheses (unproved explanatlona) about blood.

' Ansmﬂe belxcved that blood was formed in the liver. From thcre it would flow to the heart. Then it

would ﬂow thwugh the bloon vessels toall parts of ﬂ1e body The liver would then make more blood -
and the proccss would be repeated contmua]ly ' ' ' ’

 Give a reason why Arisiotle’s hypothe_si_s_'mlﬁd not wdrk, S

Asa result of observations of the hearts of vari.ous anim'als, William Harvey, an'Eng]ish scientist of
‘the seventeenth century, came to realise that the heart is a pump and that it contmuously pl.lmp'i outa .

iarge questity of blond

This ﬁndmg cnabled Harvey mmake 8 bnihant dedw;tlon that Weuld overcome thc problem. with
Arlstotles hypotbesxs. g S '




What do you think the deduction was?

----------------

s INVESTIGATION 1

William Harvey realised that a great deal could be leamed about the action of the human heart by
studying the hearts of other kinds of animals,

In this investigation you canIStudy the working heart of a Iivj'ng water flea, Daphnia. This organism is |
commonly found in ﬁ'eshWater ponds and lakes, Iti is 50 transparent that when placed under the low

power of a nncroscope, its beatmg heart can be seen, See the dlagram below to determine the location
' ' Ry branched faaler '_ o :

B _ofthe heart: -

second and third leg —|
ST pindgut

Souws . fours 'Bm-'mf“mmmm*‘ﬂﬁﬁ“m E - pusterior spine of shell
Hurcourt Brace Jovanavich, New York, i : ' .

~ Procedure: Each group will work with Daphnia that will be placed in water at a different specific
temperature, 0°, 5° 10°, 15° 20°, 25°, 30° or 35°C. Make sure that your teacher has
informed your group as to the temperature of the water bath your group must prepare.

. :



_.____,:_:._________._._..-,__- R

- Partially fill a Jarge beaker with water and heat it, or if necéssary, zidd ice, to bring it to the desired

'tempemmre Monitor the temperatme readmg all the time (using your thermometer} and kee.p the
teznperanua constant ' '

- Places 50 ml beakm commmng a few Daphnia in pond water 1'1.1 the Iarg_e'wa'ter bath heaker

- : | ﬁsni'aifso ml beaker conﬁatningp_agm!_a
_ _ ‘,\; ,¥ - j——large beaker (water bath}

- Dgpmm should be Ieﬁ in the water at that partxcular temperamre for at least 10 mmutes o .

_ Why do you thmk thzs 1s necessaxy?

- The temperature of the watet bath should not vary more than’ 1or 2°C dunng the penod in whu:h o
Danhma are in the water bath.

" Determine the rate of the heértbeat as féﬂdﬁvs:

- Placesn clean depression nﬁcroscnpe slide into the water bath (To warm it up/cool it down).
- Using the medicine dropper put a few drops of water from the smaller beaker (conta,lmng Daphnia)
 onto the slide, ' '

"~ Add two or three short threads of cotton fibre fo the drop ofwater to avmd cmshmg Daphma when'_

you cover the specimen with a glass coverslip. _
- Cover the drép with a coverslip (Y ou should perform this expenmmt quickly so that the temperature. o
¢changes as Jittle as possnbie) . . . . - -
- Place the shde on the stage of the microscope and brmg the heart i info focus (rejhr to dxagram on

page 3).

. Countthe heartbeats dunng 215 second mterval and multnply by four 1o get the number per nunute

The heartbeats are usually very fast. The followmg method will help you to count these bea_ts: '
- Place a pencil dot on a piece of paper for each beat of the heart.
When the 15 second mterva.l is over, count the dots,

3



Repeat thIS procedure at least three tnnes with the same ﬂea and at the same temperature Calmﬂaﬁe _
the heartbeats per mmute and take the average ef ycnxr tlu-ee trials. Record thm a\rerage heartheat_ |
per minmute 011 your @ for the temperature used by your group '

fl;ezszzseisa - R
| TEMPERATURE | AVERAGE heat rate per minute

e

o lse

| 20ec

%°¢

N .. 30°C | :

Atthe end of the lesson your teacher wzll eonsolzdate all the results from the other groups far you to
complete your data table ' - : : . . S

Using graph paper, draw a graph to show your results Temperature sheuld be plotted along fhe
 horizontal x-axis and heartbeat rate along the vertical yaawcis ' ' -

 ANSY  FOLLQ UESTIONS: -
1. At what temperature is the heart rate the slewesﬁ

ut.v‘!!lc-lﬁltbbiuiol!l‘lr'lll4|l.l;.!.oioﬂl'lltuccclulIlo(tlll.llnI'lt'I&‘ipq.itillzll.b-‘ LLITE R Y IIN Y

2. Atwhat tempefature- is the heart rate the faSt’eSt?_ .

P T T L T L L L T L Ty T O P T e P T TP PP T P L T R TL T LE ey Y



3. What is the effect of temperature on the rate of heartbeat of Daphmia? .

E 4 What would happen to the heart rate 1f you contmued 0 mcrease the temperamre in 5°C
mtervals? ' a . -

T T P PP T T 3 T ITII LTI NG san ! Ll A TELEL B

Your graph shows the experimental heart rates taken by dnfferant students usmg different Danhma

5. How _aécui_étc 2 pl_oi':_'-is this? Expla.m your answer,

| ASSIGNMENT Comnaxy ﬂu‘ombosm

'FIns ass:gnmmltls due at fh& ani o f thls sectmn of the ay II abus 011 ﬂw’w mﬁatﬁ:y S}'siem

:_Duedate- b it Cen e
| You must wtite & few paragraphs (1»2 pages) on coronary tl::rombnszs mcluding* '

_ whattypeofdlseasmus

- the causes '

- possiblocffects of the disease ; |
- how can itbe prevented, and o ' '
- what docmrs may daclde to do aﬂer dzagaosmg a savera c.ase pf the dlsease

Consxﬂt books int the sz:hool Ilbrary andfor ether sources for thc mfonnatmm List the 1‘650131'683 used
m the form of 4 htbhagt:aphy, o .




The pxpose of this leSsoh is to allew pupils to exaniine a mammlian heart (externally and
i internally) in order to become familiar with lt‘s structure (ehambers, valves, attached vessels
' etc. ) and to relate structure to functmn : '

.
3
o
®
®
®

one ox heart per group (arrange mth abattonr to have hearts as mtaet as Pﬂsslble w:th - |

“atria and bioed vessels unseathed) |

one length (:I: 40 cm) of rubber tt_lbmg ;;'er group

one metal elamp per greup | o _

two scalpﬂ,ls, one pan' of scissors and twe dlssectmg needles per group

one dmsectmg board per group

one palr of sm'gleal gloves per group (some pllplls may prefer to use them}
Worksheet_ 2 - Examination of the mammalian heart (one per pupil)

.

Pupi]s will need at least so minutes to eemplete INVESTIGATIONZ,

The teacher is to provide encouragement and support and must not give u dlreet answers"" B
to questions puapils may ask them about the content. The teacher must however help the |
pupils with any questmns related to the procedures to be fo]iowed. ' _ _ :
In this regard: - the pupils may need your help in tletermmmg which is the ventral s:.ie of B
the heart (page 2 of Werksheet 1) o

- itis suggested that the teacher gets all the groups to start the mtemal -

exammatwn (page 4 no. 5) smultanewsly and to ensuye that everyone

understands the procedure. _ : _' ]

Please alert pupils tu the imporiance of eompletmg the homework exercise as it deals wﬂh _
» number of issues not covered in the investigation. B




- Wafk;?héeizj;ﬁ'xmébzaﬁan of ihemammalmnhgart - o

. INVES'I‘IGATION 2
Each gt‘oup has been provzded w1th an ox heart

.

o * Descnbe the general shape, coirmr size and texmre ofthe heart

Y

 ‘What are the round, holow cut offtubes aftached] 0 the £0p OFthe BEBIP...v.ccceicrimerccr

* Exanune tﬁe walls of theée-_ holiow tubes : What do"they feel hke‘? o

- Imagme Fry— aboxmmfourchambers (uchasin the dlagram below) Tha left and nght halves |
| ofthe box are completely separated, but the two chambers in each halfare connected by a door o

. ‘_--m. U
1 n'ght atriu [ ]at'atdum. e

Aght ventricte| | Ieﬂventri_cle' '




: Refer to the “box heart dlagram onthe prewuus page, as you read the foﬂowing paragraph Locate S
each structure menuoned. o : : :

: 'I‘he memmalhas 2 double c:rculatmn, that s, bloed ﬂaws twice through the heart fnr every complete

' vems (venae cavae) From the right atrium blcad flows into the right ventric{e from where it Js 3
pumped to the lungs via the pulmonary artery.: Havmg been oxygenated in the Iungs, blood i 13

o Ieft venmcle from where it is pmnped to the body via the aorta. -

l o B | 'I‘vvo smain quesuons arise in conneetmn mth the heart how 1s the blood propelled from it, and how is
_ the b!ood Icept Tnoving in the nght dnecuon? Keep these queshons mmmd as you exannne the ox heart

_ 1 . Detemune whmh is the dersal and wluch is the ventra! side of the heart 'I'he ventral s:de of the |
- AR heart is mtre rounded (convex) than the dorsal SIdB, and the thlck-walled artenes arise from tbjs e
o - - side. Hold the heart so that the blood vessels are at the top, and the ventral side is facing you (as o
inthe dlmbelew) * Please nofe that in humans the back of your boajy (spinal cord side) i is -
called the darsal side, and your front (chest and stomach side) is the ventral side. Iﬁesame is
true fora manmal such as an ox, excepr thar:twaﬂmon Jour Iags so that its dorsal side faces up, | o |

oo

and the vemral side faces down.

The pulrﬁonary veiris oper

" The venae cavae apen : _
into the tight atrium mt:;h Elt;ﬁa::: '
“on the other side on the others |
pericardium —— coronary vessel

{attery and vem)

When youreach S '
point §on the warksheet When you reacts point 5 onthe workeheet
cut afong this dofted line to : cut along this dotied linato .
expose Interior of right vanfnd w4 ‘axpose interior of left venmrcre '
_ e e S a_pex'

Venirat view of mammallan heart,
This Ja the moma’ eonmsideofthaheartand _
hows the aftachment of the acita and pultonary
attery to the ventricles, The velns are onthe
o derss] slde, RA, right atrium; LA, Teft atrlum;
ﬁ'gms 1 RV right venhie‘la, Ly, Iel't venlricle.

Suﬁee:. : Ebbﬂumﬁmdw-.!m!m&!mud . :
Rebers and King: 1987,
Themnas Nelsoa & Sons LAL Surrey.

| 'cxrcuzt of the bedy Deoxygenated blood from the tissues enters the right atnum from the great|

| returned to the heart via the pu]mﬂnary veins, aﬂer entermg the le& atrium the blood flows mto ﬂlﬁ ':. _. N




Why is it that the nght atrium and. ventncie is on your Ieft-hand szde and the left atnum and
ventricle is on your rlghi-hand mde as you look at the diagram? '

T It e T T F PN RN L LR EL LT L)

-----------------------------

-------

-------------------------

------------------

...............................................

. Use the dlag:ram {previous page) to help you ﬁrd the follomng structures on your groups ox. heart :
(as seen ﬁ'om the outside,. ' -
e the right and left atna,
¢ right and left ventricles, : L
. 'pulmonary artery (anses from the right ventncle), B
e aorty (arising from the left ventncle), o :
v _antanor and postenor venae cavae (opemng mta the nght atriumy) [NB smgula: vena cava;
- plural - venae cavael, : : S
pulmonary véins (apemng into Ieﬁ atnum)
e perzcardmm (thin sac-like membrane surroundmg ths heart),
. t.oronary vessi's (branchmg from aorta and entenng heart wall) in heart waII

Predlct the ﬁmctmn of the coronary vessels. Rcmember thax the coronary vessels branch ﬁ'om the
aorta (as it cmerges from the heart) and enters the muscles of the heart wall. '

---------------

-----------------------------------------

.........
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The purpose of the next 'a.cﬁvity'is to work out the passage of blood through the heart by observing
 the flow of water as it fills and runs through the phambcrs of the heart and emerges from it. Insert
tﬁe end of a fubb'er tube leadin'g fro'm a tap, info the antetior vena cava. Clamp the pdsterior vena
cava so that water won't leak out. Run water into the anterior vena cava and note its flow through )

 the heart. From which blood vesset does thc water emerge? . R rarrnrsabenes '

Ex"pléin the movement of the water fully.

-------------------
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Now run watcr into the pulmonary vein and note the vessel fromn which it emerges. This is the

5. In order to see mmde the lgﬂ,xgnmglg you must ﬁ.rst cut it open. Posﬁ;on the h.eart S0 that the o
ventral side faces you, Now cut along the nght—hand dotted line mth a sca!pei (See ﬁgure Ion o

| page 2) Cut from the bottom up, 5o &s to expose the left ventricle.

Atithe - top of the ventricular cavity {on your Ieft), observe the openmg into the aorta guarded by :

- avalve (known as a- semllunar or pocket valve). “To youz' right observc the amOvenmcular

~ opening guarded by the bicuspxd (mltral) valve Note that the blclISpId valve has two ﬂaps |

. attached to the ventricular wall by tendinous chords and. paplllary muscles‘ Find these | -
g stmctures Pull the tendmous chords and see thc cﬂ'ectenthe valve, Whatdﬂyouthmk are the -
" _' ﬁlﬂCthIlS of the blcuspxd valve and tendmous chords'? o - o

Ly L T T T T TP Y PR TY TT PP T T TP PPy I S [T

----------------

. 'Sht ﬂpen the nght atnum and pulrnonary artery (leﬁ-hand dotted Im,e - ﬁgure ) by contmulng
your vcntrlcular slit upwards to the top of the heatt. Obsel'wre the valves in detail as you did on

the other side of the heart (notc the tm:uspld vaive bcmacn the right atmnn and nght ventncle
wuh its three ﬂaps)

- Exmmne the opemngs of the pt,dmr.anary vems mto the leﬁ atrium and the opemngs of the venae -
__cavac into the right atrium, Are there any valves guardmg these opamngs and what xmght bc thexr _ |

fmlctmns'? '

......

Fmally, notice the relative sizes of the four chambers of the heart and the rclatwe ﬁuckness of - |

 their walls. Whlchxsthelm-gestchamber....-..._'; innesnpepeisasiesraaanoreseon : .and |
| whzchonehasmeth.ckestwall?....\..,- ....... st bbb s st oot s et




 ‘What do you think are the reasons for any diﬁ‘erenécs you observed?

L P T Y P T T T P PP P P Fesamidrmn 7 wy T T PR R T LT LT P LT T LT

P PP T T oIty ; 't e — ¥ » S L I

T raeankvarny Frewanaa . x4 . e TOLTN AerFERTEI IR iy L raree
asthaveanereea raus N anau ! * Anasianny ey e L LT LT TIPS P T
b o N . .u.vnuuu-'-_u--n-uqq-o--uuu-n_bun-;;.’ akme L RLEL TN RYY TTEE Fura # ERLL # ard B

S Ia) Usmgyourtextbuokfor additional mfonnauon,ﬁndnmwhatigiﬁ@_aﬁthe conﬁ*achonoftheheart.

c-uundu-ﬁ-unc;u - " . AnEnurerey r L ELi s

T I Repmrdnres tarenesn ae s 2l

AR S AR A A d L ’ . TT] PErITTe Ty PRy H v -
Y

haaren ' isserssssaniihninns . . . e ; ;

S '_ b _-L1st in pomt form the phases mvolved in the contractlon and expanmon of the. heart (the carchac B
R cycle) ' R

o-u—-"u.n"ou‘uu-tuu.u-“.np-n«.-nuun» P rmbin . - Y I SRR
Cpdrhm T b r T AFrar badl v sarreani + Ehane ihman . * v py
T T vy . . - PETITIIL I Y Semad . P L
. - . . :
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| mskntEBEERFAERawEETENR . . e . Ao paad EERRT R A p R remavradrdy
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e

é.)" Lzst the structures through Whlch bIood ﬂows in order to get ﬁ'om the venae cavac to the_
ptﬂmonary artery.

. O.Il.ir"!-t-tl"-ttlu!llgi'-"pQoo.po.”co’llqd‘.u----un.pil | LR P AT R AR T T L LLE L L LT Y T Y STy
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d) {s the blood ﬂowmg ﬁom the venae cavae 0 the pulmonary artery oxygenated or "
deoxygemtad‘ B rrernesses -
ExplamyouranSWer ISP S " SR ———

PR AN RN AR e N m b A RN BT LT ETFL) LT + hnby B P AR LA R DRI LTS P ) .
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.' e) L1st the structurﬂs through whmh bloaﬁ ﬂows to get h-om me: pulmonary vems to the aorta. 2

T hhehars PR -, srbrRsarER YRR aen Feerenons S 1 ',I 2 g taasressmEnan
'___Af )
- setengans e A P T P P S S T P R L L DR T fee
. .,

f).'_Is ‘the blosd ﬂowmg from the * pulmonary veins ta the - aorta oxygenatcd ot

deoxygenated" revevannesareesaanes - eevevenenesaesmterrandebetassnsis
; ) Explalﬂ Yﬁur answer-r ----------- shrrees ' teradn LT TLICTE S PP y - . .
. -n-u-.-.-n-éﬁ-'v ------ i . imem . " y . 23 NPT i |
Lo . . - ! v > d ' . AN
'2._ 'Use alromtommcateﬂwdlrecﬁan cf bloodﬂowﬁomthevems, ﬂrmughtheheartandemergmg _
L " in the arteries onthe "box heart" d:agra:m on page 1of ‘your wﬁrkshet.t. N v
.: . Wi
.. B3y .
5

.



- - . Less@ns -
Consolzdatmn of prevmus worksheets, hstemng to the smmds af the B
héfart and the effect of exercise on the heart rate

Pu @fmg

; ‘hxs lesson has three purposes. _
o 5 - to check the answers of the qnest:ons in Worksheets ‘1’ and 2 :
‘ | S . | _ . o give pupils the opportumty to hsten to the sounds of theu- owit hearts° and to feel thelr
S R pulse in order to gain further understanding of the functmmng of the cmrxr.mlatm'yI 3ystem
to have puplls examine the effects of exercise on the rate of ﬂae heartbeat, o

y 1 or2 st@thoseopes per group -
. stopwatches (pupils’ wrist watches wilt do)
Worksheet 3 Sounds of the heart (one per pl!pll)

y It is sugguted that the f‘rst half of the doub!e penod be used to check that pupils have the | -
appropriate answers to Worksheets 1 and 2. -
The remammg perlod should be used for pupils io eomplete ]NVESTIGATIONS 3 and 4 =
'INVESTIGATION 4 may be completed by pupils for homework should there not be
suﬁ‘icient time in elass. Aiso alert the pupﬂs to the homework exercise at the end of the ;

B worksheet S : -l




| Worksheet 3 - Sounds of the heart

e .'II#VESTIGATION:S

_L:stenmg to the heart . .
- Work in pasrs, one person actmg a5 the exammer and the othm‘ as the subject The sub;cct shonld__'

sit dewn comfo-'tably +Fhe exammar isto place the earpieces ofa stethoscope in his/her cars and - )
| put ﬂ1tz beli agamst ﬁie chest wall of the subject Just left of the breast bone n line with the arm plt o

Lxsten to the sonnds of the heart. Now reverse roles. -

L Doyouhearﬂle_dc)ubigson'ofea'cthat?.... et smnssessnrse i st e e

| The sounds of the hgart-_are_caused bythe shuttmg of’i_he: atrmvenmcular and the semﬂunar valves, ._:

2. Whatdoyou ﬂ'nnkcauses the first sound? Explain your answer, -

AR ANENE RIS ERIA P PP TAT A PRI

-------------------------------------------

L T L T P L P L R T ey b

3. What kmd of mformauon do you thiﬂk the doctor can get about 4 patlent's heart by hstenmg
toit vm‘.h a stethoscope‘? '

--------- XL 2w ‘ L LL TS T LT Y TPy,

ccccccccccccccccccc




 Give a reason for this time lag.

You can alsn fee} how fhst your heart is beatmg by feelmg your puIse. See ﬂu., foiiovnng
dzagram “

.

 featpulsawith this finger '
Now feel the pulse and Jisten to the heart sounds w:th the stethoscope at the same time.

. Nb'ﬁce fhat there iy a time lag between the heart sounds and the pulse.

b N
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’ -

* What circumstances do you think may cause the time lag to be shorter?

L R T T T e T T R T N L L TRl T LT L L L P T T T T e P
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| From your observations try to calcmate'the speed at which your blood travels in om per second,

I T T TR L T L Ll Ll L T e R T T T T T A Ty YT TN

B T T T L T T T L T T Y P Y T

& INVESTIGATION 4 (This must be completed for homework if there is niot éuﬁ;cient time in cia'ss) |

1.

N

Measure your st.andmg heart rate by faelmg your pulse while standing. Wnte down your hea:t rate
m beats per mmute, -

T T T T T T T L T L L AL L St T LR R T I T T TSI TLrTIrITII Y

Do steady walking o he spot for three minutes,



R 3 Immedzately aﬂer walkmg, measure your heart rate agam Wnte dovm your new heart rate m B
_bealsperlmnute | | o

- How duoes it differ from the standing heart rate? .

- Explain the dlﬁ‘erence (Re;ilember that the cells of the body fequire oxyg#n to fupc_tion) )

B T T T T T T T PP PP P

YT T T I AT PETT ETIIIIL v s 3 TIIIL T YY) FadnbpRpERE

T Ty T Y P e e YA S P VY )
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TIT . rrsanny Ty LT ErFAs T b r v ekt wrek IYITIL FPTTTLTrr LTI [TXEXTTITIL]

o

‘4. Stand still and wait until your heast rate returns to its ormal standing rate.
5 Work in palrs and decide which one of you wilt do soine hard exercise for M ‘The -
. persott _dpizi_g_" the ::xérﬁi_se_; go dow:_u_ onto your haunches and stand up and down again efc.

6. Immediately after .t'he'exefcise, measire ygju: heart rate: in beets per minute..

SETTTTTTTTTT R
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How does your heart rate immediately after the hard exercise differ from the standing rate?

B T B T T T T T P P e P P P P T TP PP T e Y

Suggest a reason for the différenﬁ-_’:e. _

CCTTTTE T TYA
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W . |
You Imve been gwen dlagrams of the external and mtemal views of the heart as well as a list of labe"xb
for each Ydu are to cut out the labels and paste them coxrecﬂy onto the dlagrams. SR
M.r‘rdnge-ail i{g&-ezs before doing the pasting)

L



| Sowee: - Biology for Today, Stindard &
Austier ond Weshels; 1986,
R m&m.,l-tﬂ; Johanoeaburg.
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7 leRatium

' aprtie arch

leftventricle

. Extetnal view uf mammaﬁargheart

left aarotzd artery :

" rightventicle -

Inferiorvenacava

sota
fight carotid artery

right coropary
vessels -

rightatium

 pbimonary atery

left coronary

artery and vgir_l

iight pu!rnonary

i - artary

supenorvanacava- S

N lefk pd!moﬁary artery

© coronaryvein : - SR \l .
" tendinous chards Lo |
tendinous chords

_'pépliléry_mudcle B

: eorﬁc arch . _
. nght pulmonary velns
' Ieftvsntncle o

Dlagram of heart Iangltudmsj secton
paseﬂun of pencardium

' semilunarva}vesm :

pulmonary artery

 pulmenary ariery
' superior vana cat.ra N

. inferiorvena cava - BT R

ﬁepmm -
ielt ptﬂmonaiy VEJns

B

©odghtventide N
.enddbardium' ' '

thick cardiac muscle .
or myocardium of - - B '
Ieftv_sntriele

 leftatium

openfng oﬂnfenor
§ ﬁacava o

- rightat;ﬁumw ]
* pajtotidouspid vave
o mitralvave .
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Lesson 4

Heart muscle tissue/Veins and arteries

The purpuse of th:s lesson is:

- to determme the differences in structure between arteries and veins

I-Iarvey s experinent)

fo allow pup:ls to observe dlfferences between heart muscle and skeletal muscle hssue and - |
to make certain dedmetmns '

1o discover some of the structural and functional properties of vems (homiework exercise -

_to check answers to H’IVESTIGATIONS 3,4and 5

| blovmwer smp (Muscle txssue M‘))

2 bmwewars per gromp -
Worksheet 4 (one per pupil)

Pupils are to start this lesson with a biostrip examination of muscle tissue.

Pupils are fo be enconraged to discusé their answers to the quéstilms in their groups before
writing them down. S ' _

Use the last 20 minutes of the lesson to check the answers to INVESTIGATIONS 3,4 and f:
the homework exercise from lesson 3 and INVESTIGATION 5. |

Try to enthuse pupils about conducting Harvay‘s ex'périmen;t (INVESTIGATION 6 for
homéwork) and challenge them to see whether they can rediscover Harvey's findings.




/

‘Worksheet 4 - Biostrip examination of muscle tissue

e INVESTIGAT!ONS

-1 and 3 and wrxte down the diﬁ'erences between skeletal and heart muscle tlSSlIe
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amre
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' (Check thar yau have aIl the d ﬁérences by reﬁrrmg back ro rhe section on muscle nssue in yaur

' faxt&zzok) o

for these cmss—oonnectlons
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Pendey
1

.' 2. Study shde 4 shomng Purklnje ﬁbres between the othcr heart muscle ﬁbres The Purkmjc ﬁbres

| are 8 group of cells that makes up the smo-atnal node (SA node) that generates the electrical -

; xmpalses for the contraction of the heait, Refer back to slide 3 and note the cross-connect:ons
(bndges) between the heart muscle (cardlac muscle) fibres. Suggest apossible purpose (ﬁ.lnchon) ¢

ShErdEbampharbARy
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3 _What was your standmg heart 1"ate? et sk pa et (Refer to ]NVESTIGATION 4)

1 - Insert the biostrip (M9) into the bmwewer Observe shdes 1and 3 carefully Now comparg shdes :

Now open-and close your fist at that same rate for m.mmt.e_ Descrrbe what the nmscles in

| -your ‘hand feel hke aﬂemmrds?

PR FRANAYTEREL Sy l asRReREy hpq‘qut'-t.'ov.o-i!Ivc-to-plpitltonltllaon-0$--¢--cqovc!qt!ol-n--i-g;aat-ocooo--a
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| Wha_; does theabove observation suggest ebout tlm way cardiac :_xirus"c_:le' differs from _sk_,ejet_ai 5
muscle? . : o S - :

Apbanbmsurniasbalrninuin
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4. Studies with an electron microscope show cardiac WMe to have niany more mitochondria than :

any other body tissues, Why do you think there are so many?

5. Study slide 7 of the blood supnly to muscle fibres.
. T . b
- What do you notice about the blood vessels?

L L L T T T P e T P T T L R PO Py S T e

Why is it important that the muscle fibres have 2 good blood supply? -

L L L L T L Y T L e L P L ey S R AT L
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The walls of both arteries and veins are made up of three layers; an imi_er, a middle and an outer layer.

Study the diagram below:

© Connectiyn tisaue
: Hssua wi contsiningelastic fibres
- Connective tissua with el
non-alastic collagen fibres {oual (zpat) :
{aulerlayer)

T e
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6 Study the dlagram on the prevzous page and complete the follong table of comparlson bBtWet.ll
artenes and veins (please note that no actual measurements are reqmred in the compmson - use i

o words hke larger, thmker, thmner, smaller, etc)

D Ovemlldometer |1 LT
5. Size of lumen 12, T T2
3. Owterlayer: | |®
Dt | N
b)whatthelayer o L B
fsmadewpof | |
4. Mlddlelayer. NS I T
. Ptdeess | .|
~ {b) amount of muscle} by D O
5 Toner tayer: J @&
)thickness |
bywhetthelager by o |®m
lsmade up of | S | | ' '
HOMEWORK

e IN‘VESTIGATION é: Hanm_expenmem

‘1. Find & person who has prommeu- ‘blood vessels on the inside of the forearm and who i is wﬂhng_
to cooperate These promment blood vessels beneath the skin are veins, The sub_]ect must clench

the fist and rotidte the hand inwards, Select a large vein usually to be found in the i inner side of

the forearm and choose a length whlch is unbranched. Work only on tlus sectlon of the vein. A

' moclerately tight bandage (or cloth tie) mustbe wrapped around the upper arm above the elbow.

(Do not koep it tied for longer than 10 mmutes) Thxs should have the effect of mcreasmg shghtly -

the prommence of the vessels,

e



B cavnty

At the &nd of the vessel ﬁlrthest from the- elbow, apply a steady pressure 1;1 order to close its

I

Maintaining this ”pressure at the chosen pdiﬁt, stroke the vein firmly towards the elbow. (ifthe
~ subject himself performs the operation he ean use the opposite hand; applying statmnary pressure -
_ vmh the httIe ﬁnger and stmkmg the vem mth the thumb) ‘Note the eﬂ'act onthe vein. .~

aibarsaraparas reares Nbnsbbrhy . s e dbRbEeE b na
P T T T P P T PPN e e [ PR - 1]
[ PT TP FPRFPFTRF PRI 11 u T [ Py LTSS el
EEE LT E T T T TP P T PP avrps ' e bma ;.... B R Lt heia Ty + TTT]
asvAmdvbrnbaephay . T AP . 1.-»::;1;.--;vtcau-nin_ ._‘ » - FunBsena l.ll-i“!' ..
’ “
Ty '] AR b e vaapmn

: Repeat {2} and (3) but an,o_ t refease the pressure pomt aﬁer strokmg the vein towards e elbow.
~ Withthe pressure pomt malntmned stmke the vessel in the oppomte dlrectxon ie. from elbow sxde _
to press*ure polnt Gbserve what happens | '

What do you deduce about the flow of blood in veins from this observation?
_Suggest a possible mechamsm in the vem responmble for the above observatmn.

. iul'oIltu.hlid!oni“lln-ﬂl!l---&obv.ulollin!‘l)uqu-ou‘lt-lﬂ;itv-.‘-.-.‘--_sns...-nt.aa-‘.|.nnn.n|q;.‘?-‘.-‘c-;u w iny csi.n'q.'u_. v -p“";'u
In what direction does blood flow in veins?

LTk L



o In whast direcﬁoﬁ-dc}es- bié_od flow in ar:enes?

. . .
M e T T P R T T PP P T R LR L LT s T L

......

One ofthe ways mwhlch veins dtﬂ‘er ﬁ'om arteries is that many veins have valves Here and there -
along the charinel of the vem, the inner lining has flap-like structures called senu—hmm' or pcc.ket o

vaives (add this diﬂ'erence to the bottom of' your table of companson On page 3)

_ Study the dlagram ﬁelqﬁ: -

. Spuess ambxrfwi“nd‘qn mmg

*

-'.s.'

) Vahas open. {b) Vaives closed.

" semilunar —
\rahre

thin wall -

_ Somiunar vabves of avein, . -
 Jun & Co, Lt mm

* In which dlre'-tmn would you expect blood to ﬂow morc easily, A> B or B-> A?

L T T TR T LT TR F PR e) u;“tuo reanh . ‘,r;".

. )
. : . . [
W}ly 2‘-1‘.a---ualtai'u'l.n‘al-‘o.llltQJJ‘-‘Ig-o-iic-bti‘.wt-‘q.tq‘i;.dlivwxctsoﬂalllilv'-ibiIit-!l'lbllllvu‘ll-tib_ﬂ”!F‘l!'."-"““l"""_’""".'.'

L T T Ly e L L L2 T T Ty, L e T T e e e P L R P TR L R LR LA C R L e R L LAl

Where would the heart be in relation to this diagrag, below A_'br above B?

L L L T T T Y I R e Y R ST L L HAARER AL e SRR SRR AR AR Skt h
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Lessna 5

‘The questmn Harvey never answered

Pwp@se qﬁﬁés tm

The purpose of this lesson is:

to heighten pnpnls' understandmg of the stmcture and funct:oning of blood capxllanw
through observation and deductive reasoning

to enable pupils to dlscover the importance of elastic fibres in the wa!l of arteries in terms
of the propagatmn of bigod and blood pressme.

- small (10-15 cm) gol'd'ﬁsh. per group

one petri dish per group

¢  two microscope slides per group

one strip of cotton wool (= 5 em wide x 15 cm long) per gronp
one stereo dissecting microscope per group

- Worksheet 5 (one per pupil)

L
L]
L
@
L
L
-]

one one-way plastic pump per group

oxe 15 cm length of rubber tubing per group |
one "finger" of a rubber glove per group

one glass dropper tube per group |

two pieces of siring (10 cin) per group

two 200 ml glass beakers per group
Worksheet 5 (one per pupil)

| Tt is suggested that pupﬂs spend 30 mmutes onINVESTIGATION 7 and that the second

. half of the lesson is used for INVESTIGATION 3.

- Encourage pupils to think carefully when answering the questions,

Please emphasise that the goidfish wnll suffer no harm durmg the mvesugahon as long as
thie cottonwool i is kept wet. -




o powezﬁzlsmglelansMaIpxghxﬁrstsawblood apillar necting arteries a :
o frog Clrculatmn e blood bemg pumped ﬁ'om the heart rew:'ns to 1t to be pumped out agmn) thus :

. WarkshB“S*mequﬁﬁonHm@dldmtam” L L e

" Ifblood circulgtes, how does it gt from the arte 31:: the veins?

heart . . haar: S L
‘-QE = ' % dirscmon of blood flow

- Har\ P,y sawthat blood Ieitvhe heart at each beat and ttaveﬂed along vessels termed "artenes" Harvey B
 wasnotzbleto demonstrite any links between,arteries and veins, but he predicted their existence. The
" first man to see the links was Marcello Malplglu (1628-}594) of Bolagna in xtaiy In the few years

- which separated the two men, great unprovements had been made in the quahty of rienses With 2

- became an established act.

. mvEsnGATmm

. * Please note that a small cold-watm' goldfishmll suﬂ?ar no harm out of the water for 10-15 mmutes, -
| ifitis wrapped in a wet cloth (or cottomvonl), with its tail pmtrudmg Never the less, work 25"

~ Quickly as you can, and only have the goldfish out of the water while you are obsemng_;t.-

dure:

- Removea small (10-15 cm) goldﬁsh ﬁ:om the aquanum in your laboratory and ‘wrap it {except for :

* the mouth and tail) in dripping wet cotton. (Note: Do not allow the coﬁ‘onwool or clorh m-azmd
the fish todpyauﬂ See dlagram below > : L

2 mthelungofa

R S
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i Place the ﬁsh ina petn chsh asin the dxagram below, E

i . o i . - . ’ K ‘n

Place fish in bottom haif of pam dlsh Place
gmfgrsnp or glass siide over thin _reglqn of tha tall.

i

)3 .S“d.e. | - i

£ WH Freattas & Co. New Yose

- ¥ the fish moves toa much, hold the taxl fin sﬁll by presswg 1t down hghﬂy With the nnerowbpe _ '_
o slide (theﬁshmll cometonohann) '

Place the pein ﬁsh cmthe platfonn ofa dlsgecnng mcroscope and Mm.tbe_taﬂ wzth the low- .

power ob_;ectwe ofthe microsaoge. .

D‘ .lb- i :t : . T
L .
BT T e T T I Y P PR P T T P PP PP P P T T L T T PI T T T T L L PP T L

B T L R T L T e N AR L]

AN ARE B R iy L T L e e L L e e e LI e L L LTl e g bl ST ET LY T TS

Pepry— T PP PP TS P Py P PP S PP

shwidna e L L L ] L T T T PP r T PP P PP

.. The smallegt vessels are the capxﬂanes 'I'hey are Just wide enoughto penmt the g%ssage of a smgle B
file of biood cells

-

What is the advantage ot\havmg red blood cells pass through the caplllar‘m in smgle ﬁle? (Refex R
- backto the ﬁmchons of fed B.Q-ad cells in your texibook) '

O P nuu.d;ﬁ... P PO L L T T T Ty e T LT R Y

LT L P Y

B T L LT Ly T L L S A e B R A PP T T T

B N S O PR TEEE S TP T PR PP P S PSR L Py

ans by IYRTTRYrY ITICITTT T T e N Y PR FE T T Ty Y TP, &ll‘-‘-o.vlﬂ"ll-ﬂ.!-QtcIr_-!I-io-'p.l_--;---;!!‘!llbl‘ R TTTTY

Change to h:gh power to examine the capxlianes and blood cells more closely

Blood enters the Capﬂlanes from small arteres called arfenoles. Trace & capxhary back to an -
artenole - -

' Somce: Laboratory outlinicin Biotogy,
N Abremnfl and Thampsen; 1991, .

L L P e P L T T T T ¥ T T
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Does the blood flow more rapidly in the artericles orinthe capiﬂ_aﬁes? =

L T R L P P P T T Franire YTYTIYITY wEnn u ITILL) B e Lt i

Followa  capilary in the dzrecﬂon in whmh the blood is ﬂowmg It wﬂ! joina sllghtly laxger blood
_ vessel ca]led a venule.

N Where does the blood ﬂnw faster -in the vemJIes or i m the capzllanes?

. 3 4 nhxien uunn“nu tour T L L L L I T T T T S PR T P T Y] *uoo-n (1213 lu_-_ta--n-r!-'

;Do red blood cells seem";o'b.e rigid or flexdible structures?

TR R LR YT T N Y Py . LIIYTEY T Y T T P T e e TR N LR R R L L e N D R L L L L E L L L

| _.A't.rfz':fs s_rage', pt your golajﬁs}i barck in r};e acju’a?iﬁm. .

_}.

'.Where are exdnanges between the surroundmg tissues a.nd tha blood more hkely ttx occur; in tha :
artexies, veins or capxllanes? Explmn yhur answer ' .

-

L Ty N P SR T T ;;"' LASIIEI R LTSI TEA AR B L L L T P e PN L R PRI R R LU R AL TS I

T Ty LTy T T LT T T e T T T T T S L Y T L)

L T T T T P P T T P L L L L Rty L P P S R PR S PR AL L S Y LY L]

L L LR LR T TP TI  FT T ) azemes T T T L T L R N T L LR S PP EEL LY L

a INVESTIGATION 8§

Demo IS

-

- Procedure:

Attach rubber tubmg to each end of a plastxc pump w1th one—way valves. Attach a glass dropper
tube to one end

Fnll the system with water by holdmg the tube ve:ucally whﬂa pumpmg the bulb as in the foliomng

d am Plastic Pz

Lﬂgf . . . o Wﬂ.ﬁghﬂ;ﬂ?ﬁl L e

. - ¥ Valves
-\I'-“Iasﬂol“b_lm : “Rubbet Tobing

"F Eyz Droppes Tube

- L Searc Hiotoglcal Selonce. Meleaulet to Mot
- . N - Teachers guide for BSCS. :
: Blus verslon; 1973, o -

" o ' L . ' o AAmr PR LT g o



‘- Pumpthe bulb rapidly at regular intervals as if were & beating heat.
o Dé.scn’bel.pw the water emerges ﬁ'om the. droppertube |

h : . “i.cil L Ty T PP PPy T TP Py Yy LR T T F YT t_t T LT T L T T T L L T L T L L LT LI LY A T N PR PN YT XY

rEahu : 3 . F T g T TS

D -  .”NDWattacha&da@:ncmbberﬁnger(&ommbberglove)betweenthembbermbmg andglasstubmg
SR asmthedzagrmnbelow

" L T Hgetem

u I : ’ R oo

o - *_.';f;Beglifi-*the pum_ping aCtiOn agam. o

B What;hapgens to the elast:c rubber "ﬁnger"'?

L =N Lo . . YT Y] ;nu‘»'-u"h [T IR TR I Y FLT Y aprbTREn u ANpErendvalngnr .u.au.un.q.e.“n-a:u"-nu.-n-nnv--unn4ouo_nu'tunn-un--
i . g ' ! o '

o . L T N P e R P T A P A S R PP PP P U DRSS USSR PP PP

B L TS T TOL PRERT PYRTYYE TLIYTY TP TIS NS 1{1.-“0..“ TEVEEASI R v*Tunun ccccc nuu.uu_u-,-in-i't.'-n‘_ol'unn-inuu"

.

=1

How does the water emerge. from the glass dropper in companson to the prewous procedure
_ mthout the elastlc ﬁnger? S e

- . . . L
AT E T TP TIPS TIPree il. T YU PPN PPN Duu”)nutu nruo“o P e P T Y I P TTTTYT FTTT TV T

L R L T T P R T Y L R T L T LT P Ty L T P L P T L ey eI ET Y ]

(IR LTI ) BreFeITIR A p'lsun-qacrlu'un"u-sw!n-rnnnhinv-i-titunuqnnlia-‘vtlli‘n#'ln_ﬂnnnonpo_ﬂiu‘lﬂ

What do_ ydu think isthe reascn for m haﬁhg elastic Bbres and muscles in their 'wall's?

PARANETARE R FERAR AR iua'ui_t‘-‘o'- vocl.&l.tot‘t.‘ LY e Ry e L L L L R R L L) uu‘!-la'ﬁn_l TAspaEdIsRiRISY

t-culhNviﬂIAu;onutttn!'i_}ni)vnvlyu--vuucunnwuu-.vn".ulluqn.)Nvuh)i-nv;'Nn;nn--_u_..EJ-quu-n_(!}cruuo--_nnun'-tnhnl:t-”i .
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C@nsﬁmﬁﬁﬂﬂmlﬂod"pr‘ésslui*e exercise

i 'The purpose ofthls lesson zs |
| .

10 check pupil anmvers to INVESTIGATIONS 6, '1 and 8

40 aid pupils in relatmg binnd pressure fluctuations to the eardiac cyele, aml
‘to assist pupils to realise the role of blood pressnre in the functioning of cap:llmy networks B -
[ to help pupils gain an understandmg af the tmgm of lymph anﬂ the funchonmg of the Z-‘;-'.- _

o Iymphai:lc system.

. The first 20 mmui‘es of the Iesson ls to he tmedto eheck the answers to mVEWIGAHONS |

T]@?mms

~ Pupils are then to begin answermg the questmns on Warksheet 6. Group dnscussums are

B tobe encouraged, as pupils attempt to ansWer the questwns.

. Pnpiis may have to ¢nmplete the worksheet for humework.




- B

R“'ﬁ’f to ﬂlﬁ}k -‘*gfam beluw and answer the questlons (1-3) that fbllow‘ SR

Iall udnirlcla

KEY

;_._.:..t........ taft atriuet
_ o | riserenies 308
T & S e’ et AR
_. @ . D2 - ; .
Blood pressure - | - | \ _
- (lopescals) . g e
) : s o . -!.u-’ - ! .’..
o ' ]
__ |

Sowes:  Boogrrcese 0 Ces 1w 18 :
' mmmn.ﬁf“m"‘i&”;‘w'“% I Time (secande) ' S

What is hemg plotted in tlus graph? ﬂaak at fbe axes and rhe I:ey ra ﬂre three grapbs jbr help)

LT 'ud Lt LR b L Ly e R R T e L LR LN Ry I Evaesdnnpaanya id!n A I L L Il LT Ty ey

]

RAR L LIS EL L ] uuou'i.uuul-onnuiu L PP T T PP P Py ARRREET R R TA R R e snEsEE raverd AENR TR A AR RA AR r A
v S b
TR & -

.
i

2, It canbe seen from the graph that the blood pressure in t’he left ventncle mcreases and &ecreases_

rhythmcaﬁy over time, Why do you thmk this may be so? Explain by referring to the flow of
blood through the leﬂ: ventncle, and relatmg itto the pressure pattem shown in the graph

L L T PN T T AT IR B I T T L LT T LI T I ey T T T PR Y nlh’#nl P T T T T P T F e E T,

B L T T T L L LR L L LR L L T T T P R L L I R TE ERL R TR

LR L P T T Y Y P R P e P s n-ouq:'j- L T L T T e L e e R R T PR L R R T NI P Y )

LELREE LY i;“.ili‘DO“!‘O’I"‘I'C“‘!‘I] O‘l ‘ .lI\Q‘Q LET VTN il.*’l‘-‘l“lIQ‘Ul.1!!ll'l‘.’lb.."Oll.'(Il’tl.!l’li‘.‘ﬂlll’".ili"!!"“"“l"l.ll'll‘
v, _
LALETA L) + LITTITY) uuut T T T L Ll Ll L T d L L LT T T T T Y PR TP IS P T STy

3. Istheserm lunarvalveatthe entranceto the aortagp_emmqsﬂdunngthepenodo 2 sec 0 3-

- sec? Explam. -

LR L T L Y L T P TS LTI L T Y T P L T e T T T P P TR T YT p.ua"4-u”Hotituii‘uvhunus
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-

T L L T Ty T T L T L T Y e e TR T L P L L R

l Doctors ‘messure the biood pressuxa cf N patlent wnth 3 ptece of eqmpment called a\

sphxgmgmammtex: A typwal blood pressuz‘e readmg is 120/80. Blood pressure is recorded and
~ expressed as nnnofmerc:.ny(mmHg), i.e, the height of 3 cohumn ofmercmythat thepresm;re exerted

by the blood canmamtam. Two typus ofpresmre are actually measured. Inthe em:nple given above]| .

thelZOmnﬂ{gmeames&eﬂstd&nmﬂnm,mdmeSOmmHgmemmthmm 1

4. Ty to suggest what the two pressure readmgs actuaily measune? (Ref‘ ¥ to Worksheet 2, page 5 i

for the meaning of systole etc.)

Lo I L A L R e L R STy ] i“'ah-ﬂo'ou‘i-nuu--ct-u-"no‘u-_-uu—u-ni-p---.yp.i-..n.-a"..Qa.u.q...-a-un-nii---unp
s . . R

- L L T L P P TR T T I T TPy Vr T PP PP P PP
Do sebENEIRIET LIRS L T L L L T T T P T e I L L TR T P LT
L8 BT T AL L L LR T R e L L T T T P P P P TP T T PY PP TITTI

ITTT LTI B T T T L L L L L P T T P T T Ty P L PRy T P Y T

constantly in veins and enters the heart at almost zero prossure. Try to suggest a reason for this,
(.s'ee ZNVESIZGATION 8)
PN BarbResnnNERRARNesRTRLILEs airin AFrer AR Al AL ahad bR E AR Bad B R TR A bl e e LA T A L L

dbsangranbban e an b bR by I T L L L R L T Yy T P R T T e R T R L T R T L e T T T e 1Y)

" Every cell of the body is close to blood capillaries. Every ceﬂ of the body is surrounded by a
: colourless ﬂuld called tissue ﬂl!ld

-Caplllanas are the narrowest of blood vessels ’I‘helr walls are made up of a thin smgle layer of|
_ _endothelial cells (see INVESTIGATION 7). There are tiny pores hetween adjacent endothelial cells. |

CAFIUAR?‘
=3 . endothellal cells
“pores between

adfacent
endothelial calls

2

5. Tthas been found that blood pressure in arteries remains fairly constant, whilst it drops relatively

A4



B, Where do you thmk the tlssue ﬂuld angmates from?

tAdgaa 'u.- maeur P T T YOS AP S ST U L I T T T T L L d L T LT YN T PP g,
DL P L L L L L L L L T L T P T P TP PP Y P P T
[ Nand . L T T Y T PP Uy P P S

. S;tddy the_ diag’rdﬁ;bglow:

. . o

lnngliudlml pection . } . tasus eats

" Yhrough arlary _ S
. Immeh cllrlw .

- uEnavarss séction
thetugh vein

" Branch of vl

Schame of branching of artary to form a:tena!es and capﬂlaﬁes and the venule and veins carmng b!ood away from the
: capillary netmnrk. .

Soree; Ei‘dfngyfariwm '.s'mm& '

Austaker and Wessils; 1984,
M&Cdml-ld. Iohnmtsbmt

As long ago as 1622 an Itahan, Gasparo Aselh dxscavered ngtmm‘mng.amds_mm
vessels. Aselli did not understand their ﬁmcnon but we now know them fo be part of a series of vessels

(called lymph vessels) that contain an almost ccaltmrless fluid known. as lymph. Lymph vessels contain |

valves similar to those of veins, so that lymph can flow only in one direction. Small lymph vessels unite

to form 2 main lymph vessl (the thoracie duet) which drams in the left Subclavmn vein (blood vessel
in the left shoulder returning blood te the heart). A mimber of nodes (glands) are found along the
lymph vessels, particularly in the neck, arm pits and grom. They pmduce cel.‘s called lymphocytes that
engulf and destroy bacteria.

7.

Explam how Iymph ﬂmd ongmates (Con.sult yaur texthook for help)

Ak lll) -unnn, ----- T N PP T n;o PextsssResTy cuuald LITELTR R AS LTy 1) nrekdnndseainia Inl LTI A P M-auvuu-'a'n-' .
o--noll--a-n"-nnthunuiul«sﬂp ------- L e L L e L L Y e E T P Ty E Y PP L T T T T TP T FEI

”.-uno;u.-.|u-..u‘nuu.-u.uun‘u’untuanOclcutnolnl01H‘”_ﬂ_-vuHONlt'ﬂl“iu-uunnl0-.uunuMuu-a.-pniu-nur,"hronnouuunu .
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8. 'What is the function of the lymphatic system?- (Consult your textbook for help) o

FassrranEmninRARER RN T T L L R e L L e L Ty T L T e L N L L L e L LR ARl Ll L]

Y T T T TP T LT YY) baderuny Ly T e P PP PT TP P T Kmradadbnrrbnmriad D T e e R L R LR AL L
B T Ty R Ly Py T S T Ty Ty Ty e Y T Ty T Y T CE R PP IO P AP L LR T T LR R

YL LT T T Ty Ly Ty R P T T T L T T P P T TP T TP P T P Y E TPy PR Y ax il YTTL

T I e T L P T Y T e L R e LR RV I T LT

LT L P I P T T T Y . [y » L L L T T P P T e T I Akdan

9. Tabulate five d:ﬁ'ercnces between the. ", nd in an artery (see lubel 1 in dxagram on page 3) and that |
m a'vein (see Iabel Zin rhe dzagmm on page 3. '

. Bloodinartey | - Bloodinvein

The lymphatic system has.ng "pumping mechanism" that "sumps” the lymph in the lymphatic vessels.

How do you thini; the l'ymph' is then able to move up lymph vessels in one's leg? Considér the bank

teller that stands behind a counter all day and arrives home with swollen and puﬂ'y ankles and feet |

(oedema) If the teller NOW goes for a run, the swelimg goes down. How would you explain this
. phenomenon? (Rejér 10wy texsiook §F you need help}

anprprdinidenaniedn P Ty L L L LT PO SR T LY l PTLIIYY 4"_u.-nu}.houunuu. (LEYL] auasn sesran

AL AE TR RN R AR AT R R AR - N ENT R AR TR bR R LR TN frqebadnh wharaTRuATASE y . . e

-;.n..uui.un.nlva-.-u-nnhu-au- .u' LI T annnnlinuuu--uai-c-;---nnq-nnuu---ln|n-ll:n_"unullnn-uncnonnu
. -lottlcitvll‘Ii‘tllllOl.tﬂlt’ii"il‘l‘illllltbtit‘lilflilol“l'!l Bavwbeny ILEILR Thkra . un-i.l_oou-uun-ui--u.n"u;uunun"uin ------ .
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What'othér wayfscan you think of to reduce the pﬁﬂiﬁESS of the feet? Explam

B L L T U Y T T T T TS 1

T R L R L T R T R T Y P T Y L P T LT TS 2T

e e L T L T T A T Y LS L L Ll L i L T T LT T T PR PR PP Y S TR P

rhreaNetaernarentuinag Abaren . . T T LT T LI LT P PP P A Sy S TP L

: :_Elephantxasxs (ﬁlarmsls) isa d;sease charactensed by massxve swellmg of the arms and legs

- IScum:- Cloltage Zoology 7th edition.
i " Hegnes and Stilzs; 1566. :
TbuMlcNIil[anCu. Nm?oﬂt,

Most elephantlasxs is due to the presence of ﬁ!ana, worms in the lymphatlc systen'r. These parasi’txc

_round « orms actually live in the lymiph vessels. The adult female Worm may reach 2 length of S0¢m

and is often thicker in diameter than certain lymph vessels. What do you think mxght be the reasomn for

the severe swemng in the Iunbs of a human nfected with ﬁiaﬂa worms?
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- What other wayis can you thmk of. to reduce the puﬂiness of the feet? Explam.
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) Elep‘hantlasxs (ﬁlanasm) isa dlsease charactensed by massive swcllmg of the arms and legs

" Souwess. " CollageToalogy Toh ediiarn.
: .. Hegner and Stileg 1996 I
" Tae MacMillan Co. Nqu-k.

Most elephanttasxs is due to the presence of ﬁlana worms m the ljanphatlc system. Thess paramtm

round wonns actually live in the 1ymph vessels. The adult female wonm may reach a length of50 cm
and is often thicker in digmeter than certain lymph vessels,. What do you think m:lght be the reason for o

the severe swelhng in the hmbs ofa hurnan mfected with ﬁlana wOrms?
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Lessan 7

System.xc circulation and final consohdatmn

i @ft&is i@s:sm

The purpose of tlns lesson is:

®  to enable pupils to get an understandmg of systemlc circulation and thus to grasp the
pathways of blood to and from varlous body organs '

° to enable puplls to get an understandmg of the role of the hepat:c portal systen: in terms'
. of the absorphon of zmtnents and the role of the liver -

® {0 enable puplls to deduce the role of the lymphatic systent in the absarptmn of fats

® - io check the answers of Worksheets 6 and 7 '

. _W_'rh'? (nn_e ePﬂP)

L] ’I‘he first 30 mmutes of the Iesson is tobe used for pup:ls to answer the qnasﬂons on

_ Worksheet 7. Groap dlscussmn shouid be encouraged. :
@  Jtis suggested that the teacher alert the pupils to the relatlonshlp betwaen the two dlagrams
on page 1 of Worksheet 7. Please explain to the pupils that the arteries in the upper

diagram form capillaries (in various ergans not shown in the diagram) which give rise to :
- the veins seen in the bottom dlagram The pupils must be aware of the connection between
the arteries and veins of the two dmgrams :
® The Iast 30 minutes are to be used to check the answers of Worksheet 6 as well as those of ]
1 Worksheet 7, _ : :
@ Remind pupils that they must hand i their assignments, (coronary thrombos:s) in the next |
_ lesson,
®  Pupils are to be told of a , test on the clrculatory system one week from today.




Worksheet 7 - Systemic circulaion .

' Study the two magrams below and answer the follcvwng questmns

The ma!n artanes in the hurnan body.

et inlem‘él‘ca[oﬂd
_ artery lo brain:
; left externil caratid 1o
- sunerﬁdal head tissues -
S - ' __Takt common carotid
innominate arery antary to-hoad
Lo e annrcardx :
sight pulmanary __lef subclavian artery .
a%e,;m {to lung) ~ to shoulder and ary
o & . pasilion of diaphragm
branches of coeliae | gasiic adery7™ e :
* artery to stemach, {  spianic artery—x..- ; ."‘\\“_“a :
. spleen, liver. hepatic artery - ~coeliac arlery
S - o _lefi yenaf ariery
ight renal arery =" - (okidney)
; L _ S .. inferior mesentan. artery .
.. superior meseriteiie . {ic: large intestine)
artery (lo smafl intsstine} :
' . : — |oft fiiac arery.
{to leg) :
Diagram of main vains in human body, %
: - — head
- _ - internal juguiar vein
W . external jugular vein
right subcigvian vein from stEmcfa’
_ _ hiead and neck regioris
superior vena cava lett subclévian
vin fromy arm
inferior vena_ tava / / I gmingle vein
pusmon of diaphragm _ ptﬂma"‘.ary veins om lung
hepatic veins liver .
. trom liver gastde vein from stomach
hepatic portal veir ] splenic veln rom
su?erior masenterdc veln splean and pancreas
tom small intesting —— “teft renal vein from idney
KEY 1O ::iﬁiE‘l’-i " ~ rinfae;rir:.r mesenleric
ooy bhepiie porar syt Jrom larqe intesting .
e ar l;l!:g ;::;;;: ::n::dﬂ;m inferlor vena cava
. Iy "‘““23?3.’1:331&?’"‘ Y =~ {eft liac vein from leg

 Sowte:. - Hwbyfwrmmms.

B © Austoler rod Wessels; 1986,

Juin & Co, Lot Jolarinesburg, °
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Lzst the names of the hlood vessels in correct sequencc through which a red blood cell stamng f'\'f -

_ in the gasmc attery will have to tmvel ta get to the left subclawan vein. o L
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' _Name tbe common blood vcssel mto wh:lch bloodﬁgm the stomach, sma]l angd Iarge mtcstme'_ o

drams aﬁer Ieavmg thzsc organs‘?

B T L T LT T Ty P e P Y

‘Which is the first orgém_ reached by'bldod ﬁaveiﬁzig_ frdm the stOinach, small aud Jarge inta_sﬁne? -

ARARATNAN AR R " Ty F T D R e PP Py PPN av ung . i

‘The hepatic portél véi_l_l i_s‘_the dnlj} bIo_od v@sé_l which .comhlences a_n,(_i_ ends in capiﬂalfies. AR

) Anaiys1s of the chenncal composmon of bleod mthc hepaﬁc portal vein durmg a24 hour penod-

shows Vaxjnng Livels of sugar, amino acids and other h nw“*v. in the blood Lgok careftﬂly at

. where this blood comes from and suggcst 2 reason for the clitisés in the levels of these nutnents S

BAEvERT AN, L T T P TR RS R e i .nou T rirrary rbnes ‘e

arsrranven ..--uu_n'uunnu FrsErEERRAERS T TTTT T rr JarT . I g rvaun [YTPRTTY
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-_nua‘g-au.u.'u.u-a . . : .-\--u_n Y l‘itt‘slls-!o.lol.ntl'l_tl!ao‘lﬂiqﬂ‘lloItll&l! vevEpEsnatie sine e
....:.4.....'..-'"_.-"-..........-.'u.u.....} sasmbeseraruevasses P, rive aravareins asbesnnareanig T

' Amalysis of the chemical composition of blood in the hepatic veins indicates constant lovels of
'sugar, amino aclds and fatty acids in thc blood thmughout a 24 hour penod What does th15
: suggest about the funcuons of the Iwer?
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. L6 The bIood in the hepauc portal vein contams no fatty aCIdS and glyceroi (from the digestx&s f
; . fats) ‘The hepatic artcty @g_s This suggests that fats are ngt_w 1 blood from f
e o 'mt:estmas butrathermto someothermeansaftransportandonly ememthebluod later EXFW
£ 0 | R __ s ) how you think the absorpnon and transportaﬁon of fats oceur, (C‘amult yaur rexthook ﬁar ﬁd
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- ' ' APPENDIX B
References usetl i deveiopmg the mqmry teachmg paekagq )

_ABRAMOFF L and THOMPSON K (1991) Laboratary outhnes mBmlagy New

York:W.H. Freeman and Company

i ALDERSON P and ROWLAND T (1985) Bmlngy for GCSE Basmgstoke

Machllan Educatlon L1rn1ted.

| AUSTOKER J. and WESSELS, H.J. (1986) Biology for Today. Standard Exght. .

B Jo}mnnesburg Juia and Company anted

5 _Rlologu:al Science. Molecules to Man Teacher’s Glnde for BSC‘“‘i (19’!3) Boston

Haughton Mlﬂm Company

'HEGNER A, and STILES E. (1966} College Zoology Tth Edmon New York: The

MacMﬂlan Company

.-___'_'MORHOLT E., BRANDWEIN PF and JOSEPH A (1966). Asourcebook for the

Bw!oglcal Sclences New York: Harcourt Brace Jovanowch.

3 .ROBERTS M.B.V. and KING, L. (1987). Bm!ngya functional approach Stuﬂents |

 Manual, Surrey: Thomas Nelson and Sons L1m1ted
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_ : APPENDIX C
Feedhack from teacher that taught the mquiry package

1.

-

4.

3.

 Which parts.of the lesson worked well? ~ prior 1o the lesson.
e Yﬂuroplmon(eg partsﬂmtwomdimlamvepupihmdemandmg) Legson vas. an;la;;ed :

_ Please me-dow:n any saggesmns you may have for improving this lesson?

Please hst any problems you expenenced wiih this L a:sson regardmg'

.........................................................

----------

--------------------------------------------------------------------------

........................................................................

.....

..........................

-------------------------------------------------------------------------------------------------------------------------------------------

Other problem is that many pupila did not read the mstructmns _

- for iis novelt.sr agpect. Could poss:.‘b}.y ask pupils to px!edict

vvvvvvvvvvvvv

~ Outcolie 0n Dadgis o ‘perssnal experience.

o Pupﬂsmsponse(eg.pmthatpupﬂsmjoyed,ﬁ)undmtemsnngfﬁmetc) REL AR ;...«‘,-;.’JL.,'

Pupily. hed. diffiond by, wikh. bhe. granba. Had ko, be, provided...
with appropriate ‘scales for the axes. ‘Resulis were not very

" accuraf,e, Post axpermental videgl® data was providad for crampaz .
Was there suﬂicxent time for pupds to complete the workshieets (excluding hosework)? 7 |

s This . Veried. from £rouD.. ‘tq BLOUD,.... Consications graups had.
sufficiant 4ime. iQthdr groups Ai4Lnet, - One grmip lcilleﬂ .

their watar:flsas through bad hapdling., .. '
Write down any errors (conterit of othetwise) you niay have 1 fmmd in  the pupll Wﬂl‘ksmﬂ?

o BRa SrrarR of: .onkenta, . Ferhaps in. addition $o the data teble,.
the pup:.ls cou].d have Jbeen provided. with a phntocop.v of tha ...

---------------------------------------------------------------------------------

Edd

A pomt_ of concern regardmg blood manufacture by diver.
In the aectiam of work dealz.ng with connec-b:.ve tissue, we

disoussed ‘%E’é"‘i‘%ﬁ%’é’:’["&f"ﬁiﬁ"i’:’iﬁ'c':'éi"E'é'iiﬁ"'ﬁ&"'iii’r’é:’:? "" and s pieen, 4

-----------------------

TEtE e or 2 e il T fon per - Sesonas AT HHbNEH HES 18 gt
'...fz-actinn bf..5he..totsl. hlood.ceLlls, avgilable, I don't think ¥

the large rumbers mentioned in the text Book hava @ quantitata.

“meaning for the pupiis. T RLALE
Please use reverse side of this sheet if I have left insufficient space. Add any otker camenis Sou

w:sh m make




'ﬁaybe should auggest that Arlstotle was noh totally Wrong._

Blood cells are replaced but the rate of 2 6 million cells

a sacend ‘glthough soundlng large (Aa it 15 1ntendaﬁ to lmpress;

during the discussion on counective tlsaua) is in fact a very

" small percaitage of the: total (0.00001%) :
- Unless carefully noteﬁ by the puplls, the oontradictlon .

:_in what was prav1ausly taught band the ourrent ‘concept that tﬁa7
- hempﬁ functions only a8 a pump cauld praduce a concaptual '

disaonance.a‘

o
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1. Piease list any problems y0u expenenced with this lesson regardmg

o L b of lessorc..... 30 (marking previous work) + 60' S0 &0

and correct homework on d:.recﬁ:.on of blooa flow.

-----------------------

- ) Prachcalprob!emsmdomgmvesugahons:...ﬁnly..mohlems a.ss""i':?f?.g. w:.th
' hendling many eroups of talkatlve rertec 1 I TR

FRVLEE R JEPR PR P SR P PR EE Y LR PEE L LE b et Rl »h

o Contenttaught No prnblams. ' nesnmnrsarabras ........_......._._...-......._..,....I....'.'.,......\...._..

'0 Anyethewproblems Ge?’ﬁ?ﬂﬁ puplls 10, ap;qr eclate that A pract:.cal i
lasson alao J.zrvolvea zrbsermng ‘and recoraing results.

--------- e R e bl

P I IS LI LR TP P TR PR

4 kmbescem e b kAR AR ma s s ahaeae b n g

2. Whu..h parts; ef the lesaonmrked well?

1] Y-mlrnpmion(eg. partsﬁiatwotﬂdlmpmvepupilunderstamhng) vovesssrassessimian s satseanstnaraa parsars i
ation hatwaemexercme ahd heart rate is.

1.""1"1 “gu“n". T L i e oun-i ----------------- ¥} ‘ucpn‘p .-Ye;tx... TARARERRAvsAEAY
‘definitely establishad
@ Pupils'response (e.z. peﬁs-thatzpupﬂs enjoyed, ﬁmmdmﬁereshngfﬁmetc )

Genel‘ﬁlﬁ enaoxeg..ma pxm:hj.:;al aapacdia,. bamir s ssnses st irass e

3.~ Wasthere suﬂiment thin for pupitm complete the worksheets (exciuding homevcrork)?
' . Yes. . Homework. iwag. Bnacyed. i.e. pastin,g henes: on diagram.

T Fareers 2 PP P - T P P R R A < Y

mteai Qf :smply writing labhls cm'l:. _;;-;;,_»«?;_ E

4, Wnte down any errors (content of otﬁermse) you.may have found in the pl.pxl wod:sheets?
M"gg,_;:g;;ana’e ne ..imrolm.ng iucreased de_mand en. ha ari for Bxygen

t}d FREC YR Y ..H-s»'hdb Seviderrpyaavnre

& nutrients wher;. working hardexr . were notd: concise.  Idea of

T ¢nua- AP SRS KT VY S, NSRRI AT R AR TR A F e A by

blood—flow being suppliar af nu%rients no‘t'. alwa.ya graspad. .

5, Pleas_s}me; d‘own oy suggesﬁonsypu.may- have for improvirg this iesson?' .

.Exp;-a,nation'uf nge..of..sbathoscope.and. how. it functions ...
prmr ’I:o lettmng ;‘)p._p‘z.ls get the:.r hands on the :.nstrument

----------------- shdermana L P PR T P PR T Iy ) LT TPy Y

_ may have been benefmlal.

B P R P T A PP T LR L e T L T P Ty P
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Please use reverse s:de af this sheet gf 1 have Ieﬁ' msuﬁ‘icrent .spacs. Add any other comments yau
. wish fomakxz
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Test of Understandmg (TOU)

Time: 40 minuses
: Imtmﬂmn’ Answer alt questions on the double folic pgipei' prdvided.
1. Although you never studied the blood system of 2 human foetus, your kuowledge of the

: mammahancmﬂato;y aysem will ensble you to work out the answers 1o this questzon. A
htsman foetus (devalopmg inside its mother) rece

blood at the placenta (in the uterus) The luugs do ot ﬁmctmn until blrth. The stmcture :
of the foetal blood system is shghtly different from an adult's blood system, to help in its
- functions. The diagram below shows the structure of the foetal blood system. From the
dmmmycucanseethatthere is aholemthewallbebweentheatna of the heart (Iabel!ed ' |
A), and a vessei (Iabelied B) connecting the pulmonary artery and the aorta. The hole A
and the connectlou B close j Just after the bu'th of the baby. ' '
- Sl | _ pum‘iﬁnaw a;'t.éW |
- vena cava ——° aorta
a_n;'r:-jf*_é 1o legs
urnbitical vein - i
: _ \\\ ) umbilical artenas |
_ ' : Iacenta s
&) Explain why A and B are mportant to the foetus. @
b) Suggest what would happen if A and B remained open after birth. 4}
¢)  List the names of the structures and vessels of the most direct route by which oxygen
 could be carried in the blood from the placenta to the legs of a foetus.  ~ (6)

f14]
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B
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: Imagne yomselfto be a red bload cell in *he mair vein of one of your fegs.- Llst tha : _
- vessels, heartuhambers and other structures you would | pass through, in the correct o

: sequence, before you amved onge more in the same leg T (13)“_' '
-Howmxyhmesdxdthcredceﬁpassthrough - o

(1) the Iungs and

' Why is there & difference in thickniess betweet: the walls of the atria and ventticles’(2)
'Wdoyouﬁmkmgmmmformewermmwaummwetwmmmﬁ.' |
) andnghtmmcies? T o R ¢ -

. The blaod system has beea likened to & bus route. In this comparison, each of theitems
hstednnthel&ﬁbelow:s eqmvalentto one ofthose onthenght Wntethem dm mthe"-' o

correct pan's, anég:ve a'reason for ymxr choice.

| e biood cells | engineof the bus

oxygen . |buses

{vessels -~ |passemper

Explmﬂfnﬂs‘ca’tement "Ourcloéedblbodsys_tmis_leaky“: R P T

oy

430,




5. _Study the diagram below of a_circﬁlatdry system and answer the qﬁa".ﬁonﬁ that follow.

cw . R . ; R, . . . L A gl e . . oL .

Lt

C lam
[ i

Blocdsates . msots

Whiy i3 this called a duuble c;rculatxon? R 3y

Fmdthmed:ﬁermcesbetweentheblooddrmhﬁonmtheabavedmgmmandthﬂmd N

blood circulation in 2 maammat, - . SR ) B

To answer this question, you need to tmr oﬁ' and use the attaclwd dlagram of

the heart at the back of the question paper.

Eary mdlmlthmkershks Galent (about AD 129-200) thought tbatthehaart sent the
blood out to the body from the left wntncle Then the right ventricle went vapours
out dlong the pulmona:y artery and the blood crossed into the left ventricle through '

msiblepores Labeltheatcacmdmagam 0 show v

 Mark with a tick 1deas which bmlogists believe are correct. Mark thh 3 cross ; ideas

that we think are wrong, Imert a‘lagra:m page into your test scnpt | @

[10]-

13t



: v

) humans; _

'-the d:recnon of blood ﬂow, _

the pressure of theblood;
. the thickness of the walls.

'."._1_ R

- Dlscuss the diﬁ‘erences hﬂmn.aﬂmeunﬂmns in regard fo:
'the relatwe amounts ofoxygen and carhcn dwxlde in the systennc cnrculauoh of
the relatwe a:nounts of oxygen and carbon dloxxde in the pulmonary cuvuiatton of

@

o)

- .'_'(z)'.
@
@
e

) m"[‘s‘ ..
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la}

bj

o)

2aj

b

3a)

“b)

4)

5)

- would not respire
causing weaknessYeto.

(1)« ‘/

"over longer distande (to the lungs and tissues of body)

e e e b teie V1 Ve et el 1 ot b R Pl e s b

' _ APPENDIX E
Markmg memoranﬂum of TOU

' - MEMORANDUM

Both A and/B result in most of the nxygenated E}zﬁg’passing

. directlyVfrom the p centa to the main body circulation,
bypasging the lungs¥which have no function 1n the ‘fastus.,

(43

“Blnod'wuuld_continue to bypi:jj;he luhgs ané would nqt'

thexretfore be fui;;/oxygenated.._The tissues of the beody

atrium ¥-> lelt ventricle --» anrta“’~=-> artezles to 1egs,

{5)
¢//

Femoral v31n lnferior vena cqy&‘~—) rlght atrlum >
tricuspid val e -=> right veﬁiricle --3 pulmongfy artery ->

lungsV;’> pulmonaxry veihs --> leffp atrium™ ~-> vzﬁuspid

valveY—-> 1e£t ventricle -->. aorta -=~> iliac artery .
_ (a3)

once ¥
(ii) twice V/{
o (2)

Walls of atria don't need to contract as bloq%?dﬁgy has to

be .forced into the venmtricles directly below “them.
Walls of ventricles ngéd to be thicker with more muscle
fibre for strong conjfactions to force blood unker pressuze

(2}

.The-right ventricle hié/f;,pump blqbd to thé 1unqs which

are close to the heart¥

The left ventricle has to pump blood to all tissue oi)ﬁf/,

body. Left ventricle . . needs stronger contractions

has thicker ‘muscular walls.
(3)

Heart - engine of thev§§;’~ in both cases work is done to
bring about movement.
red blood eells - buses - v/ga'transport people as red

~blood cells trarnspo oxygen.

oxyden - passenge hoth are transported to deat tlcn;
vessels - road5¢4/£oute along which is tzavelle&,//a
: (8)

- Capxllaries are thin walled veésels/ comprising 'a

single éndothelial layer. _
- o thevggpxllaries bloed plasma leaks put through tiny
pores _ _ :

(4}

efficiently/not be getting enUQGh_ng'
_ . (4)
_Umbiliaﬁyfiéin°-w> vena cdva --> 5x§ﬁt atrium --> Ieft
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By

Two.paths of blood £low:

" "heart * lungs - heartv/r
heart - body - heart B

'DR_”

"Heart acts as if it is two separate pumps.. ' :
Blood is pqugd from heart (rxght 51de) to lungs and back._

to heaﬁt.'

- Blood is pumg/g from heart (left szde) to all bcdy tlssues.v'
- and back. _ _ '

other
~two venae cavae, unly one shnwn on diagram —

"-2 chambered heart 1ncorrect “should have fnur chambers./’

~valves in veins - none in dlagram e
~valves in heart - none in diagram .7

-~ lungs not shown as two organs .

~=lungs are above the heart - -

~~capillaries in the arms, head and rlbs shouid be- separate

——

—aorta ana pulmnnary artery shoulﬁ Cross over e

~capillaries in the legs and reproductlve system shoulﬂ be
separate .-

ﬁnY(3)

- ' @
~b1una does_nct txavel down one side nf the body and up the

(3)

a}) $:02 | CO2
b} ¢ 02 ¢ CO2 7

¢} Away form heart "
d) higher o~

e} thlcker o

3 002 § 02 v
4 CO2 ¥ 02 «

towards heart

. lower

thinner .~

(10)

‘TOTAL 64

@
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- &I’PENDIX F
Attntude Towards Sehool Bwlogy 'I'est '

BIOLOGY OPTIDN"

-__gg NAHE 18 NoT REQUIRED. .

nttitude tuward anlogy in Bahoql Assessment.

(1)
_&2}

EREIN

)

o 5)
(1)
".réa
(3)

(10}

(11)

({12}
(13)

{14)

S5A

S5A
8A
SA
ﬂén
o
Sa-

SA -

3.

5Aa

SA

BA ~
N -
D -

: SD -
( Ci*cle QHE

. Please use this scale to answer the following questlons*."”'

Strungly agree

. Agree

Neither ag:ee nor disaqree

- Digdaree -
Strongly disagree

choice. )

ZA' N D sn Biology is fun. | |
'A: N D SD I do not 1ike biology and 1t bothers me

- to have to study 1t.

A N- D..Sﬁf' Dur1ng biolugy ciass, I usually am .

in erested.:

_sn': I hould like to learn more about bialngy. ”

sh If I knew I would never go to biology
© . cclass agqin, I wnuld £ee1 sad.'

8D Biulcgy is- interest;nq to me and I enjoy'f
' ik, . . . - .

'D 8D Bioiogy makes me Feal ﬁncomfoxtahie,

restless, irritable, and impatlient.

8D Biology is fascinatinq’and fun.

b 8p The feellng I have towards b;ology is a

good feeling.

D 8D When I hear the word bioLogy, I have a .  -

feellng of dislike. s
. 8p Bioiugy is a topic 1 enjoy 3tudy1ng.'

A N D SD 1 feel at ease Wlth b1ology and 1 1ike it

very much.,

A N D 8D I feel a definite positive reaction to

‘biology.

A N D Sp Biology is bozing.
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