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: ) : 'ﬁ map scores. 'l'he student Quesnonnaxre consxsted of 1‘1 leert-scale

. 1llf‘

/

' '. ‘ach1evement between the two groups. Sngmﬁcant dxfferences were. found in attxtude ', _
J C towards the ablhty' of the computer to teach Students usmg CAP had a more posmve i
7. attitude towards computers and@a,nted to see nbre use ofCAIm the classroom. Students}

.'~Afrombothgroupsshoweda n

It was concluded that

el for attnbutes of self-paced instruction. -

- - '-umt. More use of CAI should be mplemeﬁted into btology classes because it can add

vanety to classroom learmng acuvmes. Rewews at the end of a umt provrde an ldeal'_ '

LN

' 'oppatumtyforthelmplementauonofCAImthebrologyclass e R

. nded#items. The leert-scale .\tems were analyzed with t-tests and a

\' Jm}dentg enrolled in’ onlogy 20 were admmrstered a pre-rev1ew
i ;“%a?zpts we;e arbxtranly assrgned to one of two groups One B
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L. 4 . .. CHAPTERI

'~ . THE PROBLEM

L Introduction .

- \l‘ . ) . ) JE G '
. . v . T - L B t
. [N P . .) .
LY .

Mlcrocomputers have mﬁltrated almost every aspect of soclety The ‘field of |

educauon is RO excepnon 'I‘he nyfnber. of rmcrocomputers in Alberta schools has risen

: from 256~1n 1981 tacan esumated 26 955 in’ 1987 (Petruk 1986) ThlS growth rate is

| sumlar to the one, expenenced in the Usited Stptes Becker‘s (1986) survey mdreates that
j‘ _ ’l n 1985. there were at least one rmlhon nncro;omputers in schools in the Umted States.
. v This is four times the number he repo_rted m‘hts 1983 sur&e{,\yb In 1986- there was an ‘
v average of 15.3 microcomputers pe'r séhooi in Alberta: (Petr:k 1986). The statistics are
: much more 1mpress1ve if we‘1,ook only at htgh schools "berta high. schools hadj
-'approxtmately 68 2 m1croeomputers per school (Peti‘uk 1986). .Projectif'ons for 19875
< estimated that there would be 10 3 students per m1crocomputer (Petruk, 1986) These‘
'rmcrocomputers have been put to a vanei&f uses by bo students and school staff o
Inthe school system, the mlcrocomputer can be in three general ways 'I'hese
)egre as an admhustrauve tool as an object of mstrucuon and as a tool of mstrucnon An |
| example of the admtmstranve role of the mxcroconmuter would be through the use of. |
. apphcanon programs such as word processors, spreadsheets, and data bases Word :
A' prooes g claims the hl\gis: usage of the nnerocomputer as an admtmstrauv‘e ool (Petruk,
1986) Almost all Alberta hools that have mxcnocomputers m their admtmstrative offices
use them pnmanly for word processmg (Petruk 1986) In addthon to thxs role as an
S adrmmstranve tool the mlcrocomputer has served a valuable and ureplaceable part in
g school budgctmg, nmetabhng, and student record keepmg (Petruk 1986) Few: would |
crmmze the 1mportant role the mxcrocomputer plays as an admtmstrauve bol As well
many students use it to cornplete assrgnments in a variety of subject areas. |

VA . L
: Y



'. - Computer c'ourSes are often rel‘erred to as Computer Literacy, Computer Processing -

- or Computmg Sctence These\c_ojurses have made the7mtcrocomputer the ObJCCl * A ‘
instruction. Becker (1986) 18ported that the amount of time- students spend on a
mrcrocomputer averages one hour-and 45 minutes per week. Approxxmately 85% of this
mrerocomputer time was devoted to usmg the m1crocomputer as an 'ObJCE} of mstructron '
(Becker, 1986; Bork, 1984 C&rey & Gall 1986). Computer Literacy and Computer
Processing can be. consrdered ds the same type of urse In both these cdurses students

usually learn how o use the application programs nuoned earlrer A Compuér Ltteracy

- or Computer Processmg course may emphasrze pro ing in one school while another ’

-school may put more emphasis on apphcatton progi (Alberta Cumculum Gutde, 1984

1985). ‘Computing Scrence, Yor the most part, deal§ with programmmg

"t, as results from a recent survey in the Umt ' States .mdrcate, student enrollment in '

thesepourses is begmmng to dechne (Becker, 1986). Thxs declmeqs attnbuted to many '
reasons. The most srgmﬁcant tez§on seems to.be tthe lack of knowledge teachers have in

tlus area. the often tea wrth'mmrmal ex nence in computer programmmg are

placed in the uncomf srtuatron of teach g programmmg courses In addition, =

researchers are questromng the use of the technol gy in teaching programming.

Compared with the clearly 1mportan
mathematical fluency among studeg
solving ‘skills, and- comparad wi
culturally valued knosﬂ_edge, such 4 that from scientific, historical and
literacy domams, how necessary ‘is/ it that schools spend valuable
- instructional time teaching students abont computers, and specifically, about
.. how to program in gesieral p .computer programtmng languages.
like BASIC or Pas 2;(Becker,-l9 p.24)

«@‘ ?A 3 e A ' o

* The use of mtcrocomputers v “an object tnstrucuon in- the schools has ralsed some

ofdevelopmghroadverbaland- o
ts, including writing and problem- - ‘
he importance of teaching other

S

controversy but this ‘aspect of rmcrgcomputer use will not be the focus of this study. nor

<

Compuung courses that dealt mostly with programnung were once very popular o



Willithe use of the rnic'rocomputcr as'an admlnisn'ative tool Instead this research will look

- at the rmcrocomputer when used as a tool of i mstrucuon o ,
The rmcrocomputer has been used as a tool of instruction for alrnost 30 years.: This
" use, however, had been restncted mostly to large umversmes w1th triam frame computers. | -
Advances in mrcrochlp technology led to the creanon of the affordable mrcrocomputer |
| . Computer Assisted Instrucuon (CAD), also referred to as Cor!;puter Based Instrucuon |
_ (CBI), was generally introduced to the elemcntary and’ secondary school system m the late L
‘“‘*:iﬁos‘(mssl & Trollip, 1985) | S

B CAlis available in several forms Generally these fall mto four categones tutonal
dnll and pracuce srmulattons. and games. Tutonal programs are the most basrc form of
CAI (Alessr & Trolhp, 1985) In its simplest form tutorial CAI presents mformauon :
followed by several questlons In its hxghest quahty form a tutorial w111 assess the\
student s pnor knowledge, detcrmme which areas need to be taught, prescnt the necessary N
mformanon followed by questions, and determine the next séquence of events: dependent’ )
upon the student's responses. Drill and pracuce are the most frequentlyused CAI
programs in schoo‘l 'I'hes:programs are popular because they can prov1de endless,'
quesuons for students to practlce on unul they reach a predetermmed proﬁcrency level.

- Simulations usually imitate re:l life slmauons:;mdents are ‘allowed to mampulate,one or
more variablesand then lobserye the outcomes. "l'hese programs are used to develop higher - |
levels=of thmkmg Games arerprograms that have a:\:tstrucnonal component and are
entertammg Usually mstrucuona.l games ‘are entcrtammg drill and pracuce type programs. - |
There is not cqurvalent CAI development in the four categones Most of the CAI -

developed falls into ‘the tutorial or drill and pracuce category. o _ | ,



2. Statement of fhe Problem

There have been: volumes of studres that mdrcate the effecnveness of CAI Yet,
very few teachers have taken the opportumty to mtegrate CAI xnto therr cumculum
“Becker s (1985) survey reveals that studems spend only 16% of therr computer time on

- -

CAI. Petruk (personal commumcauon 1988) esumates an even lower percentage of CAI

computer time in Alberta schools It may seem probable that mxcrocomputers are so. -

heavrly uuhzed as an obJect of msu'ucuon and asan admuustrauve tool that it is not lrkely

for a teacher to get CAI computer time. However, in Petruk s (1986) study- respondents -

,- from high schools estimated 1deal numbers of microcomputers’ for their schools that were -

lower than the actual number Only 4.8% of the teacher populatron at the hrgh schools

respondmg to the survey made extensrve use of the mrcrocomputers (Petruk 1986).
oul!,y! if'e.

| seems that mrcrocomputers may be underuuhzed in the lzﬁh schools espe
‘ em‘ollment in computing courses continues to declme -

‘Even thh the avarlablhty of mrcrocomputers hxgh school teachers are reluctant to

use CAl in thelr classes The use of CAI in science decreases.as students go from Jumor

: h1gh school to senior hxgh school (Becker 1986) One feason is the crmcrsm that CAI is

| of poor quahty and not excmng (Bork 1984; Hofstetter, 1985 Komoskr 1984)

| | Owston, 1987) Bangert-Drowns, Kuhk, and Kuhk (1985) mstead feel the problem is that

teachers are not. convmced of bAI s eﬁ‘ecnveness Clark (1985) suggesrs that problems

with the expenmcntal desrgn of CAI research has led to this lack of trust in. CAI
'-effectrveness ‘ R ; - s

Cnncs contend that some 1mportant vanables are not controlled in the research that

is armed at detenmmng the effecuveness of CAI (Clark, 1985, 1983) of pamaular

concern to Cla&rs the number of studxes that compare achrevement og’ groups recervmg

: CAI to gmups recervmg lecture based mstrucuon or o;;her forms of tradxdonal mstmctwn

" However, receht reports- mdrcate that the quallty of CAI is 1mprovmg (Dudley-Marhng &



-~

These studtes are cqmpanng twg dtffetent methods‘ofudehvery CAI dehvers mstrucuon in

o a self-paced mode *Lecture- based instruction dehvcrs instruction in a group—paced mode. - .

" Carlson Perez and White ( 1985) suggest that it.is quite possible that the gams made in -

achievernent are not due to the c'omputer medium but, rather, to its self-pacenature :

Bork (1986) and Clark {1985) beheve that 1dent1cal content is-not belng used when

| one medlum of instruction is betng compared to another medlum of mstrucuon Bork *
' (1986) expresses this concem by saymg "One issue that I thmk must be addressed when
one looks at mlqocomputers in learmng, is that of standard of companson That is, what
"‘iother cumculum rnatertal leed in what type of enwronment is beu;g compared with -
. computer based leammg material?"(p. 66) If CAI and other mstrucuonal media are to be v

compared Clark (1985) suggests only one de51gner produce both treatments This smgle

vvproductlon would provrde the greatest control of all but the CAT aspects of the main

o treatment. ‘

Four other concerns about research in CAI effecuveness became apparent after-
rev1ewmg the hterature F1rst, recent research has reported results opposne to-those of .
carlier CAl studres (Fox, 1986 and Wamwnght, 1985) “This d1screpancy suggests that |
' the posmve effects of CAI may have been partly d to the novelty of the medxum

Second most CAI studxes were done in the area of mathemaues (Waugh 1985) More B '

rescarch needs to done i in other dtsc1p11nes to determine the effecuveness of CAI in various
' 'subject areas. Third, the mstruments used to measure achievement are usually mulnple »
choice tests and there i is some question of the abthty of these tests to measure how, much the
student really understands (Kracjik, Smmon&& Lunetta, 1986). Fourth, few studtes that
_compare CAI,effecuveness-to another method measure student atutudes d ohnston, 1987).

- ‘
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: A . 3. Purpose and Research Questions o
o y . : R , R SN

. — ' o ' - : 0

The purpose of this study was to determme the: effecuveness of CAI when used to - |

.revxew the genetics pmt of the onlogy 20 cumculum. The above ooncerns were taken into
v conmderauon in the desxgn of the study A CAI program was compated to another method - .
) | of self-paced 1nstrucuon such as pnnt—based handout matenals ‘Both mstrucuonal medta

.used in this study were demgneh by the researcher The ﬁrst resean:h quesuon was
1 Would there be ‘a d1fference m achlevement betWeen students usmg the _
mtcrocomputer and those usmg the handouts to rewew genencs" a
Achlevement scores  were used to answer this questlon but it was also 1mportant to thlS .

- researcher to determme what student percepuons were towards the mstrucuonal matenal :

Peard (1983) suggests that there are gneat dtfferences between what the student says he o

| knows and what' he «can show that he knows" (p 172) Thexefore the second research o

question was asked to detenmne student percepnons“%f the genencs umt and the _‘

.msu-ucuonalmatenal o . g _"'
2 What were the students pcrcepuons of thetr understandtng of th1s unit? |

a) D1d studen feel they undetstood thxs matenal?

b) D1d studen feel they understood the relauonshtp between metosts, Punnett' |

c) Dtdstud tsﬁgitlusmatmaluseful? = |
- One of the coxicem mennoned was that student atutudes often are not measured in CAI :

eﬁ'ecuveness stud1 Therefone the third research quesnon was
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3 What were thc students atntudcs towards the mcdmm used and the dehvery method
of mstrucnon" - S
a) Wasmcreaprefcrcnce forone ofthe r11¢:d1a‘7 . ‘_ B : -

b) What wcx;c the Studcnts atntudes towards usmg thc mwrocomputer for

. &
. ™ N

dnsuucnon?
] - e o . . Ty . '
. ¢) What were the students’ attitudes towards self-paced instruction versus

" traditional instruction?
4. Definitions of Terms

s

The followmg terms are deﬁned to clant“y their use m the context of this study:

2

W_IW Any computcr dchvcred mstrucuon Lhat rcqmres-

student mtcracuon CAI falls mto four gcncral catcgones, tutonal dnll and pracncc,',

- simulations, and mstm_cuonal games. .

Dghy_q_v_Mgmm Rcfers to thc way in whlch mstrucuon is dehvcred, for example, group- .

" paced or sclf-paccd.

— N

- delivered at thc same rate to a gmup of students

M_Quﬂmm Softwhm that cffecuvcly pmvxdcs mdmduahzed instruction and/or

devclops hnghcr cogmuvc processes. e

N

. .Qmp_zam_lnmgn Ratc of mstrucuon is determmed by the mstructor and is =

mzhmxnmmﬁm Refers to the hi_ghcr levels of Bloom's Taxonomy for the-

~ cognitive domain. The higher levels are analysis, synthesis, and cvéluation. i



'_ _Igmm A cyclic and systematic-approach to designing instructiofal materials.
B ;g !!m g §g;ggg 'I'he mechamsm used to dehver Lhe mstr‘uctxon for example,

" handouts or mlcrocomputer

P

~

s_glﬂf_m_lnmg_ugn Any mstrucuon dehvered in such a nianner that a student may .
progress at hls/her own rate '

.

mmmmmm A deh\?ery method that controls content sequence, and pace of

* instruction.

5. Significance of the Study B

“This study has taken into consideration some of the expeﬁrhenta_l design problems -
apparent in ther research. The CAI software which was developed for this study reflects

the type of softwan' cumently in use in the school system. If i it can be estabhshed that thls'

type of CAl is at least as effectwe as other mstrucuonal techmques in prov1dmg areview. - "

and that stu&nts apprecmte this method then perhaps biology teachers wdl consxder
makmg more use of the microcomputer as a tool of instruction. |

6. Delimitations

The focus of t.he study was on student achlevement, student percepnons of the -
. mstmcuonal matenals and atutudes towards the method and medlum of i mstrucuon For
.this reason, no effort was. made to measure gender dlfferences, time dlfferences in
. complenon of matenal or changes in atntude towards blology Although these are |
'_.mpommaspects,:heywmbeyondthempeofmssmdy TS R
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Only Biology 20 vstudents were used as subjects for this study,‘ even though

o Brology 30 students would have also been suitable. The Brology 30 students however
.' were not avarlabie Btology 20 students would beneﬁt d1rectly from the treatment because

it would review part of tho Biology. 20, curnculum

-~ 1. Limitations

. | | r

The study waj resmcted 1o two sixty minute diasses 'I‘hese classes were two days

apart from each other. Since only two class penods were used it was not possrble to have

3 : each group expenence both the mrcrocomputer and handout treatment. As a result

_ drfferences 1n achrevemeniz: d attitude may have resulted because one group felt

- prmleged. The pre-;ev1ew conccpt map test and post-revrew concept map test were both N
- given within a two day period. Therefore, achievement gains made may be due to
familiarity with the test (Borg & Gall, 1983) | -
| Gmn;@n achrevement rnay have been hmrted by the CAI developed for this study
- Although the quality of the CAI program 1s<typ1cal of software on the market, there may be

_higher quality CAl programs in this subject area that could.result in higher achievement _,
‘Again's’. Another factor that could have’ affected achievement gains ‘pertain _to. the fact that
-these students were not familiar with concept maps. The unfamiliarity with concept maps
may lead to an maccurate assessment of the s dents higher cogmnve skills. The nesults
of this study are not genexahzable to all ;}Kuerta hrgh school biology students since the

school chosen is not representative of this group |

e It was assumed that, since microcomputers have been in Alberta schools for at=least

eight years, these students would have had somepnor eﬂr;gosure to the medrum However o

_ i
‘the mxcmcomputer may still be a novelty to many smdehﬁ‘hnd this novelty could affect the
H .

o
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results For this reason, an addmonal quesuon was added to the studcnt quesnonnaxre,A'

aslcmg students about their prewous expenenees with mxcrocomputers

—— =

. 8. 'Summéry .

’ -

' Secondary science tcachers are not mtegratmg CAI into the cumculum despme the :

fact that rmcrocomputers and CAI softwam are avaﬂable Onc reason for this non-usc may

be that teachers are not convmced of CAT's effecuveness Many studJes md1cate CAlis

effecuve However, these studJes are mostly in the mathemaues area and failed to control '

variables such as content and method of dehvery Almost all of these studies use mult1ple -

choice tests to measure student achlevement The intent of this study is to control the

variables menuoned above and to use concept maps in addition to a mulnple choxce test as

‘measures of achr_evement. This procedure is discussed in Chapter 3. Thls.study should : |

help determine if CAI is a viable tool in assisting students to review units in high schoo]
. " - . " 4

g

biology. o



. CHAPTER I
" REVIEW OF THE.LITERATURE

1. Introduction

B Thls chapter is divided into four sectiohs The first section addressesv the uniqhe
, capabthues of the mlcnocomputcr to dehver instruction. The second secuon rev1cws the
qua.hty of CAI software The third section examines CAF companson studxes focusmg
‘ specxﬁcally on results related to. mstrucnonal effectweness and attitude. Problems w1th -
cxpemhcntal design are also exammed The founh section descnbcs the use ofoconccpt\ '

| mapsasancvaluauon tool. R
. 2. Capabilities of the Microcomputer

‘ 'I‘hexe have been many hopes for the potenual of CAI and the unprovenients it could
bring to leammg outcomes (Linn & Flsher 1984) Many of these hopes are ued to the
mtcrooomputer's unique capabllmes The tmcrocomputer has been credited for its ability to
provide self-paced mstrucnon, md.1v1duahzed mstructlon,»and immediate feedback
(Bangert-Drowns, Kulik, & Kulik, 1985; Bork, 1986; Forman, 1982; Keuper, 1985; --
Lieberman & Kré‘ndl, -.:1987). _ The terms self-poc'ed instt'uction and’ indivtdoalized
instruction. are somettmes used synonymously; however, in this study a distinction will be
made between the two texms The self-paced rnethod of dehvermg mstrucuon will refer to
mstrucuon in which students are all progressing’ through the same matenal but at a different
pace. The term mdmdttalbzeg mstrucuon.refers,to a method of delivery that is self-paced
but with students each receiving different instruction based on their performance on

previously presented material: " T

—~

1
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Other capablhnes assocrated w1th the mxcrocomputer are patience and an ablhty 0 , ‘

reassure or en‘:ourage the student on a consxstent basrs (Lieberman & Krendl 1987)

Another advantage of t.he mlcrocomputer is the capabrhty to store student responses (Alcssr .

| & Trollip, 1985) All thése capabllmes are avarlablc prov1ded that a CAI program has been

written to take advantage of the mlcrocomputer‘s mformanon processmg abﬂlty )

Immediate feedback is an important featurc of CAL It can be broken down into two

categones correcuve fcedback or attnbute 1solanon feedback (Memll 1987) Correcnve ,

feedback mforms the students of the correctness or incorrectness of their answers In some

cases it prov1dcs students with the cornect answer if they answered the quesuon mcorrectly

o

Attribute isolation feedback goei one step further. After an incorrect answer, students are

f prov1ded with variable mformauon dependmg on the error- they made. Bork (1986) feels

that attribute isolation feedback i isa valuable leammg technlque because it can provide

: 'leammgmatenal

Immedxate feedback is also provided to the teacher in regard to student pmgress by '

CAI management systems. The capabthty of the tmcrocomputer to store student responses |

'to disk is a great advantage to the teacher In some cases all the teacher wants to know 1s.’ :

; how many correct responses the student has made. However, there is also the capabthty to

@ 1solate the specific area that problems are occurring (Godfrey & Sterlmg, 1982) n

Management systems by themselves are capable of savmg teachers a great deal of time

(Alessi & Trollip, 1985; Hannaﬁh, Dalton, & Hooper, 1987).



. self-Paced Insiruction

— e —

Most classrooms consrst of a fairly heterogeneous group of students A problem
Athat faces many teachers is trymg to meet md1v1dual needs in such heterogeneous groups
_ Self-pacmg mstrucnon ds {)ne way of accommodatmg 1nd1v1dual learnmg d1fferences

' (Belland, Taylor Canelos, Dwyer, &Baker, 1985) Oxley (1984) says

A feature of the computer, whxch is sa1d to contnbute greatly towards high 3
' sensitivity (learners requirements), is the facility for self-paced learning. In- |
this respect it differs fundamentally from the classroom situation where the .
teacher may be going too fast for some students and at the same ume too
. slow for others..(p. 176).

Becker (1985) found that teache:s believe mtcrocomputers are effective because students )

have the opportumty to work mdepe;dently f.rom adults o e |

| Self-paced mstrucuon, however, i ts not solely nestncted to the mr’&wfomputer Al y o

'mstrucuonal process | that presents students with the ObjeCthCS they must meet, the conten

- "’and acuvmes needed to meet those objecuves, the test that measures ‘the achlevement of
those. objecuves, and that also allows them to move thrqugh the rnatenal at thetr ow&p\g\

. can be consrdered self-paced mstrucnon (Fox, 1986) Such mstructron can be.‘

accomphshed in a variety of forms. Indmduals can be given prmt—based matenals, such as -

study guldes or they can receive thexr instruction, vra computer (Fox 1986)..

f},s

RO Walker, Hendnx and Mertens (1980) found that undergraduate brology students

W
LU Ju;ho mcerved genencs mstrucnon through sequeneed, self-paced prmt-based materials -

d ’sxgmﬁeantly thher than those recemng the genetics mstrucuon in the traditional '

.t

. These rescarchers felt that loglcal sequencing of mstrucuona] marenals could

DA

eMVely facilitate students abilities to apply Plagenan formal thought pattef'ns to genetic

analysis." (p. 108). These ﬁndmgs are supported by meta-analysrs research performed by
Kulik, Kulik, and Cohen (1979) on 75 studres at the college level comparing achievement

'scores of self-paced mstrucuon.to achlevement scores of tradruonal instruction. In addxuon

-
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to’ hrgher grades, there were also sxgmﬁcant 1mprovements in the studen.ts atutudes'f A

towards the course. However none of these gams were found in a meta-analysrs of

) secondary schools (Bangert & Kuhk, 1982).

After Keuper (1985) extenswely revxewed the hterature she stated that five factors .

. ._made the m1cr-ocomputer an effecuve mstrucnonal tool These are as follows*“

~

"1) 1mmedrate fwdback, 2) lack.of extemal vanables, 3) the specxﬁc drrecuons given to

the leamer by the computer; 4) the one—to-one teachmg relationship; and 5) the success the

leamer expenences " ‘(p 51) Of the ﬁve factors, only umnedlate feedback" is not found

feedback but not in the same capacrty as that generated by the mlcrocomputer smce students :

B usmg )ldy guldes can srmply flip to the answers‘before even attempung, to answer the - 3

quesuons '

0 ’ _.md]-vidﬂ‘a]iz;d IIJSII! !Eg'gn' .-
e

_ Indmduahzed mstrucuon can occur via, a vanety of fprms Two possrble for—rns.

in self-paced pnnt-based materials. Study guides occasronally contain self-qurzzes with the

". : in-the back of the study gurde These qutzzes provrde some 1rnmed1ate correctrve :

" ;mclude human tutormg and the m1crocomputer Individualized mstrucuon 1s Tiot a new

techmque but i 1t 'has. become more realistic with the advent of the mrcrocomputer Icabone

- and Hannaford (1986) measured.,achtevement in readmg by companng a mrcrocomputer

connected to a speech synthesrzer, W1th a human tutor Students usmg the m1crocomputer, i

read 2 paragraph and underhned terms they drd not recogmze The computer would'

: pronounce the term for the smdent and then present the student with two other sumlar |

Th? second group of students went through the same process except the human tutor"
provrded the same role as the rmcrocomputer __The reseanchers found no srgmficant' o

' dlfferences in performance between the two groups and therefore concluded that students _' -

~

. terms Each student recerved drfferent informauon dependmg on’ the words: underhned. .
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' can work mdependently with a rmcrocomputer for cenam classroom aeuvmes Icabone and :
Hannaford speculated that teachers trme could be used more efﬁcrently if CAI programs
were used more often. . s : : o

Hemze Fry, Corvello and Novak (1984) su ggest the development of mdmduahzed
| msn'ucuonal CAI in Btology whxch is capable Qf determmmg a student s preconcepuons
" and then’ presentmg content T confront any of the dxagnosed mrsconceptlons One such
system has been develop;d for»ﬁrst-year university physrcsstudents CAI was used ina :
‘remedial ph)'s1cs program by both Hewson (1984) and Zietsman and’Hewson (19862 The , . s
CAI software dlagnosed the conceptual pro‘b-le}ﬁogrd then presented remedlal m e
‘Both studles found more accurate conceptions nd that rrusconceptlons had bcen
successfully modified. Thls type of. CAJ.rs also capable of varylng the amount of practrce
and contuja.ng on to a morc challengmg area once the student demonstrates proﬁcrency in e
 the task at hand. However, & that offers mdmduahzed mstructron is rarely produced.

When Lmn and Fisher (1984) talk of th/large gap between the prormse andv%e

_ J reahty of the instructional uses of the mtcrocomputer, they are refernng to the lack of CAI

| ~software to provide mdmdualrzed mstrucnon The capabrhty of the computer to present e

~ -» individualized instrugtion makes it truly unique from other,forms of mstrucuon'al_ dehvery ’» |

e (B_brkl,'198,;6). Yet the microcomputer is used to deliver self-paced instruction rather than
individualized instruction Reasons for the lack of CAI that offers md1v1duahzed
instruction will be d1scussed in the next’ sectlon

]

- (% Quality of CAI Software

g . ! )

v o .
PRRETINY -

| 'Early reports on CAI criticized it for lack of quality. Becker (1984) asks..". .where.

’ ‘, is the computer-based mstructron that deals w1th thmkrng and understandmg”" (p 31) o
. Many researchers ‘(Bork, 1984, 1986; Hannafin, Dalton & I-fooper, 1987 Hofstv’tter, SN
1985 and Lmn & Fxsher, 1984) believe that CAl is capable of fostenng hxgher cognitive ; o
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' ' slalls because 1t offers more interaction, premsron, consrstency, challenge, complexrty, and

provision for multrple solutrons Most. software however, was mundane, srmply a page i :

X tumer or offered only- drill and practice. Bork (1984) found CAI quahty very low and felt v _}

- that httle had §9ne mto the educanon or de51gn process.. In fact, Komoskr (1984) found ‘

that CAI software developers devote only about 5% of therr time to the aspect of _
educanonalquahty EERR N T '

. Recent repo;ts, however, claim that the quality of CAI software has 1mproved N

| Dudley-Marllng and Owston (1987) found that software had 1mproved since 1980, but hat

70% of the software can strll be considered poor.. Accordmg to their esnmates, there are

3?
over 11,000 edueauonal software packages avarlable Of these 5% are exemplary, thrs

- ~ means that approxrmately 550 excepuonal CAI programs are avarlable .About 25% of the o

avarlable CALI software meets mmrmal requrrements, thereby provrdmg another 2750
| packages for school use. ' | | | , |
Even though much of the CAI software has been rated as deficient, Dudley-Marlmg }
| and Owston (1987) cauuon that the CAI software has been evaluated by adults and that :
' 'therr views. are not necessanly those of the students Another aspect to consrder is-that
: wnen Dudley-Marhng and Owston' (1987) reveal that the Alberta Computer Cleannghouse:»i‘
. : rejects 90% of the CAI software that comes in for evaluanon, this rejecuon does not imply
that the rejected software was of poor quahty ‘For eXample, some of the CAI softwa‘re
‘packages were reJected because the content was outsrde the gurdegnes of Alberta s
- curriculum (Alberta Educauon, 1985). . e | '
‘ Some useable CAI seems to be avmlable in the software market. An mterestmg
’ findmg from Becker's (1985) sm'vey supports thls nouon When Becker (1985) asked
»teachers in the Umted States to 1denufy "the most 1mportant problems in effecttvely usmg- .
: the computer in school"(p 27), software problems were at the bottom of the list. Software ‘ |
B :»‘vproblems such as "poor quahty and software not yet wrrtten for toprcs for whuirt ts'} -

‘needed” (Becker, 1985, p. 28) were least likely 10 be namd.
| BN
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B l.’oorinstr\ictional software does exist and 'u'nfortunately, is still being ‘pu.rc'hased |
by schools (Komosla 1984) Dudley- Marhng and 0wston s (1987) research indicated 'v ,
| - two reasons for: tlus high percentage of poor software First CAI i is often wntten by |
people laclcing expemse in either mstructional theory or computers Second software is |
rarely ﬁeld tested with target students for WhJCh the matenal is intended. |
| Granted a large portion of CAI software on,the: market is disappomtmg, especially o
| when one consrders the capabilmes of the computer and what should be gomg onin the
) classroom Only a sinall percentage of th.:available CAI software offers mdmduahzed

_ instruction or develops high@r cognitiv f processes, as opposed to sxmply reinforcing factual

1nforrnauon Two reasons for thi gk k. of 1ndiv1duahzed CAI software became apparent

after revnewrng the literature e reasons 1nd1cate why more of this type of CA@

_,r(

software will not be developed for some time. o ‘ . :
The first reason is that the highly interactive, cognitive processing, individualiied |
CAI that s being demanded by‘ teachers is difficult o preduée and re'quix%'e's a great deal:of_,
ume and money to develop Walker (1984) estimates that anywhere between 100 to 800‘_
hours are needed just to design and program a one hour CAI package 'I'he developmental
. cost of this one hour program may be anywhere between $2000 and $100 000 dependmg

- onthe complexity of the program This type of software is not hkely to be developed by .

one person. Rather it requi requtres “a team of experts one in the subject area, one 1n"
- mstructronal desrgn, and one in prograrmimg (-Hallworth & Brebner, 1980). It'lS highly
unlikel_y that software publishers will invest a large amount of effort and ftfnding on'a
piece_ of software that is not likely to return their investment (Bork, 1984; ‘Walker, 1984).
N Only educational instimutions are interested in thedevelopme_nt of softWane without profit.

' ‘A second reason for the delay in developing high quality software, 'e'speci'all_y
individualized CAI, is that the tx'aditional school ‘system-itself is not prepared for the higher :
cognitive instructional” capabrlmes of microcomputers (Becker, 1984). The content B

_ sequence, and pace, are controlled by the teacher. CAI has been developed to teach in tlus



_ same dtrected manner. Kozma (1987) says "Gtven the umqueness of the medlum, it may_‘
b.bbe that we have yet to fully explort our understandmg of computers or explore theu"‘ .

: untapped potenttal If we are honest w1th ourselves, we have to admit that w1th rare

[

,excepnon what we are domg with computers is in many ways like what we have been

doing all along" (p' 21). It seerns then that software is deyeloped to meet the traditional
approach of teachmg Waldrop (1984) suggests that mtcrocomputers, for the time bemg,
are best smted to teach concepts at the. l&er levels of Bloom s 'I‘axonomy m a self-paced
~ mode. '

A whole new approach to educauon may ‘create the demand for more htgh quahtyv :

CAI Hrgh quahty CAI could meet the. goal of 1nd1v1dualrzed open educatron approaches '

“where the student would,be in control of the content, sequence and pace (Natronal Institute

" of Education, 1984). However, it seems that few teachers are prepared for this new

- approach.
4 Comparison of CAI to Traditional Instruction
- Several extensive reviews of the hterature have been wntten over the past six years

. (Forman, 1982; Keuper, 1985; Lteberman & Krendl, 1987 and Tolman & Allred, 1984)

’ Each came to similar concluslons -One conclusion i is that CALl is more effective than

tradmonal means of i mstructron A second conclusion is that students could finish lessons -

in less time; and.} third conclusxon is that CAJ. is,more mo..vatmg than traditional
N

techmques A further assessment of CAI effectiveness has been done by usmg meta-. -

/1}\
analysrs techniques to review srmrlar studies and generate some generaltzanons of all the

data collected. The process used in these meta-analyses involved locatmg the CAl

mstructlonal cornpanson studies through objecnve and rephcable searches. coding the

studxes for salient featﬁt:s using a common scale to describe study outcomes; and applymg_

. “a . .
° v v . v X o . o, ‘[‘V e T
\ o . N @ . Wy .
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stanstlcal methods to relate study features to outcomes (Bangert-Drowns, Kuhk, & Kuhk,

1985) These meta-analysrs studles confirm the- ﬁndmgs descnbed above o
__An anal%gxs of 51 studles by Kulik, Bangert, & Williains (1983) showed that CAI
'-raxsed secondary school students scores on standardtzed tests from the 50th percenule to

* the 631’d percenule Long term 'etentlon studies 1nd1cated smaller mcreases than the shen

term outcomes but the effecton achlevement was still posmve In addition to increasesin -

. achtevement subjects were taught in less time and students developed more positive

attitudes towards their coursework and the computer One of the more recent meta-
»

analyses of 42 studies by Bangert Drowns, Kullk and Kultk (1985) confirmed that-

computer based educatlon had positive’ effects in both Jumor and senior hlgh school

’ Thcse results are_ 51m11ar for all levels of education. (Kuhk, Kulik, & Cohen, 1980; Kuhk,-‘ '

Kulik, & Bangert-Dro'wns, 1984). o S
Clark (1985) calculated that meta-analysis studies indicated on the average a fifteen
.point advantage on a IOO;point exam for students using CAL However, Clark (1983
_ 1985) feels the results exaggerated the effecnveness of the rmcrocomputer and emphasmed
“that there is a confounding of medlum and method of i mstrucuon Clark suggested that

the claim here is that methods such as the use of examplds and matched non-

examples, individualized pacing, cofrective feedback after response and a

close correspondence between instruction and test items tend to be used in

thseo design of CBI lessons but not by teachers in companson treatments. (p.

250)
The problem of confounding becomes apparent if some early studies in the area of biolagy

are.cxamined. - o : ‘ A N



CAI mstrucnon is used mostly i in mathemaucs and thh parucrpants at all age levels _ DL

v (Gardner McEwen & Curry 1986), usually because mathemaucs programs are more |

. avarlable than other programs The next largest category for CAI use is in the sciences

‘(Gardner, McEwen & Curry, 1986), physrcs in partrcular, because of its basrs in

’ mathemaucs CAL hasbeen put to a number of uses in. brology as well but most of these- o
examples come from post-secondary msntutes : ) - !
Several studteo usmg CAI in biology have been performed Bunderson OOIsen, and

Barlho (1981) compared mteracuve vrdeodrsc enhanced CAI to lecture based mstructron
and found that undergraduate students usmg CAI program ﬁmshed 30% faster and had
| vsxgmﬁcantly lughcr scores on the achrevemcnt test. Positive results were attnbuted to the
hig y vxsual features of the videodisc and- the abrhty to mamtam attenuon for a longer

yyyyy

' towards scrence. Self, Self, and .Ravharm (1984) found that poor. readers in an
@ unde'rgraduate biology co't_irserec‘e‘i‘ved higher marks using CAI than poor readers taught
| the same lesson by a teacher. Similar findings were reported by Samuels (1984). These.
" studjes used CAL & novel techmque, to delrver self-paced msu'uctron and compared it to.r,

group-paced instruction dehvered by the traditional lecture techmque Nerther the content
- .nor the method of delrvery were controlled. ' )
~ A series of studi€s were conducted wrth undergraduate brology students (Lwce, N

1982; Shaltz, 1982; ASol_dzgn, 1982). These researchers were members of the Single-

‘conceptdUser-adaptable Microcomputer-based Instruction Technique (SUMI) &t Michigan -

Technologrcal Umversxty The SUMI’I‘ group developed 20 brology programs for post-
» secondary mstmmons but only erght were ﬁnally marketed (Spam, 1985) These pmgrams
“were used ina vanety of studies by the developers -



| | Y |
Connary to the many studles m mathematrcs that md1cate CAI is more effecuve than

N lecture Shaltz (1982) found that there was no drfference in achrevement between a group .

o that recelved mstrucnon via lecture mode and a group that recerved CAI Leece (1982) and

21

Soldan ( 1982) confumed Shaltz's results and in addmon found that achlevement scores

from students usmg CAI were srgmﬁcantly hrgher ‘thdn achrevement scores @;om students |

using pnnt-based matenals -Tsai and Pohl ( 1978) had- srmrlar results They also mdrcated '

that there was a srgmficant difference in achievement scores when CAI supplemented» :

‘ tradmonal methods rather than feplaced them. ,Solden s (1982) results, however 1nd1cated

methods supplemented by CAI and a group that used only CAI The quality of"

mstrucnonal matenals used for comparison in each of these studies varied and may have led

to the contradtctory results.

An analysis of one of the SUMIT studres in more deta11 suggests that variables such

- no srgmﬁcant drfference occurred in achrevement between a group that used tradmonal ‘

as content and novelty were not ¢ontrolled. Leece (1982) compared CAl'o worksheets and

found that the CAI group'retained more knowledge. “The actvual textual content of these two

" mediums was 1dent1cal but the CAI program contamed many more vrsuals and ammatron .

sequences Clark (1985) suggests that much more effort is placed in. the development of _

" CAlI than in the development of tradmonal materials. At the ume of the study, the cotnputer )

was a novelty for the undergraduates Such novelty. may -also have affected the results.
Clark (1983) indicates that gains in achievement diminish as students ltave become more
familiar with the mxcrocomputer ' |

| "One group that has closely momtored the use of CAl is from the Open Umversuy of
the Umted ngdom. Hodgson and Murphy (1984) used biology CAIL developed at the

'Open Umversxty and conducted a study with thetr students that mvolved the use of a_

simulation program called EVOLVE. As a part of their course, biology students were _

expected to mdependently complete a btology project. Students had four chorces for a’

toprc Those that chose the evolunon toprc were to use the srmulauon program EVOLVE to



_: generate data and then apply their interpretations.' Students that chose one of the othier three. o
projects conducted the acmal'eXpeﬁmental or field work. Data for ﬂris'researoh'snidy was
' col_l_eoted. over a_'three year period. Results from the four projects were c_ompared. ‘No

significant. differences in gradcs'f‘or' the various projects Wcre foun’d Researchers also

found that thc quahty of work for the EVOLVE project was hrgher than they expected A "

Although the simulation was. compared to another self-paced means of mstrucnon, the _' Lo

content of the: each proJect bemg compared was drffcrent.

| In an attempt to comrol for pre-ueannent dlﬁ’erences, Ybanondo (1984) prepared
an mstrucnona:l unit on populanon gcnencs and delivered 1t to a group of hlgh sihool
biology students This group of students was drvxded mto a control group and an
_expenmental group. The expenmental group received a CAI srmulauon package and an
addmonal CAI tutorial, while the contml group ?qg;ved the tradmonal lab bean-counung,
for this unit. The CAI and lab approaches were used to provrde review and remedmuon on

- the 15 day mStructlonal unit. No significant d1fferences in achievement werz found but the |
experimental group showed interest in the CAI and wanted more CAI lessons in the future.
The aouvmes of the control group in the traditional bean counung lab were not well

| descnbed. It seems that th?:étpcnmental group recelved more mstrucnon and that 4h1s

instruction was probably more mtenesung than a bean counting lab.

' Some studies appear to have controlled vanables other than the treatment, but
‘additional problems become dpparent. Carrier, Post, and Heck (1984) compared* '
worksheets to CAI m three areas: -of grade four anthmenc Their study involved 144
- students Students usmg the xmcrocomputer demonstrated e:ther the same or hngher
| retenuonmthe vanousareastaught. Thxslarge sample meantthatthesmdentseachhada
different teacht:r pmennng the mtroducuon to the oommt mazenal. Clark (1986) pomts out
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Wamwnght (1985) divided four hlgh school qhemlstry glasse;, cach taught Byt

samc tcachcr, into two groups Thc expenmcntal group {USﬁi a CAI package on

wnnng/namn'ng chcmlcal formuIas and balancing cquatlons Th? cv n’trol group uscdv :
‘ﬁ T

: lowcr rcsult will be obtamed by one group. Clark beheves the rcductlon of rlhc CAI' ' "
treatment is partly duc to the thx_'eat felt by teachers tha-t the computer will replace them.. .
; K;acjik; Simmons and Lunetta (1986) belie‘vcvthis treatment reduction was the case in the

: Wamwnght study. These rcsearchcrs point out that although the content was identical in

', Wamwnghts study, thc workshoct group received extra tutonng from thetr teacher. In -
addmon, they suggcst that Wamwnght did not use hxgh quality software. Carncr, Post,

.and Heck (1984), and Hale (1986) defend the use of this type of software in a study by
pomtmg out that such softwarws typical of what teachers are usmg and thcrefore, is more.
generahzablc to common classroom situations. o

 Several studies have succcssfully controlled contcnt and method of instruction and\\

have used the same tcachcr for prc-trcatmcnt 1nstrucuon Harper and Ewing (1986)

compared rcadmg comprchcnsmn scores betwcen workbook and CAI with leammg'

- disabled and mild mcnta.lly handioappod children. They found no signiﬁcant diﬁ'crcnccs in

acl'uevcmcnt but found students had a strong prcfcrcn.ce to use the computcr The
weakness of this study was that it had only nine subjects |

A Spraggms and Rowsey (1986) found that sunulauon game CAI can-be effectxve m‘
teaching factual material. High school bxology students were used to.compare simulation

game (;AI with worksheets containing identical questions but without the entertainment

-
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31gmﬁcant dtfference in achlevement some changes in attltudes have occurred. Clark is.

_ 'achtevement as the worksheets Achlevement was meesured usmg mulnple choroe tests.

- Clark believes that studres controllmg all non-medrum vanables need not even be

: factor of the smulanon game The CAI game asa rewew was as effecnve in promotmg S

conducted since achxevement learmng changes attnbutable to: the medlum w111 notoccur. -

Some of the studres descnbed in this sectron have mdxcated that even though there is no'

C 1gnonng the effect such a medxum may have on mouvauon and atntude

5‘.

v
.

' that CAI could not replace the teacher As a group, these students felt more,{n control of

F

: Johnston (1987) found' that few studies measure student attitu'des'on; the use of

mlcrocomputers m the curnculum. Johnston suggests that pupll attitudes are of crucial -

reacuons wﬂl lﬂhlblt learmng wherms posmve ones wxll make puplls more receptwe to the

b'importafﬁce to the: success or fatlure of educanonal approaches and medxa, for negatwe* -

learmng actwmes (p.47). Her survey and tnterwews wrth secondary school Enghsh :

students revealed thag they beheved CAl to be effecuve, but 1mpe1sonal 'I‘hey also stated

. . therr learnmg thh the mrcrocomputer These students were more concemed wyth the

: sound pedagogy of GAI than its technical aspectsb McEwing and Roth ( 1985) verify tlus '

mostly favourable In fact, these students found such tutonals hel )

maeofthemmthelrbtologycomses.

last point. ’I'hese researchers suggest that CAT motivates only if tt has sound educanonal .

Ob]ectwes P * o _,-' ; : o "t

Knight and Dunkleberger (1977) found that grade nine scxence students usmg self- "4

paced CAI developed a muchmore posmve atutude towards scrence than thexr teacher-

- taught counterpartsw Butcher and M_urphy (1983) used two btology CAI tutonal programs_ .
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~ Carlson Perez and Whi'tc,(1985) hVesdéétw différcnccs in motivation between

cla»ssba.ctivitiés involved having the students individually respond to tape recorded math

problcnis followed by the introduction of a new concépt to the group by thg:. teacher. The

second class aédvity involved having the stu'g'cnts work in pairs on paper math drill and

25

' studgnts using the microcomputer and those involved in two other class activities. The -

practice questions and then listen to a teacher explanation of a new concept. Each studciit .

| participated in twd of ‘thc three activities Studcnts responding to the questionnairé 'st'atﬁdv

that thc microcomputer was more mouvatmg because of cﬂaractenstxcs such as graphics

and animation. The rcsearchcrs c_oncluded thax 'a compu@ learnmg environment

introduces and increases usage of varied and motivational factors which have the poter\mgl :

to improve léaming_ as well as acadcmic_intércst."_ (p; 42). Evén-th_dugh students were

- more motivated, they did not feel there was any difference in what they learned through

each of the teaching methods. One of the limitations stated by the researchers of this study

-4-‘ Was ‘that ‘thc study did n‘ot éohu'ol fbr the scif-;iéced attribute of thc CAI' and that thé '

mouvanonal quahty of sclf—paced mstmcuon may have accounted for the results obtained. -

~ This hmxtanon has been rccogmzcd by oth@i' rcsearchers (Kulik, Bangert, & . "

Wilhams,1983 Kcupcr,l985) who suggcsted that motivational factors could b'é'ﬁuc to the -

sclf-paced modc of i mstrucuon

‘5. Evaluation and Concept Maps

9
B

Frequcntly thc wchmqucs used to evaluate achicvcmcnt in %I studxcs receive little

| attention. Bangert- Drowns, Kulik and Kuhk (1985) found that most instructional

standzﬁ'dized multiple choice tests. Kracjik, Simmons and Luneta (1986) quésﬁon whether

such ‘tests can "discriminate among thc 1mportant lcarmng outcomes that dld occur."”

outcomes were measured through acluevemcnt tcsts, locally devgiopcd tcsts, or .

(p 468). They suggest that more appropnatc tools should be- used for asscssmg learning . -
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outcomes Oxley (1984) successfully used CAl 10 teach stmgtured analysxs, but. in hlS &

| concIusxon he suggested that a vanety of tests should be used to measure understandmg

and: not just apphcatlon of the content. ' ‘ # |
Multlple ch01ce tests are not always capable of revealmg student understandmgs or

misconceptions because these tests tend to assess the student s factual knowledge (Novak,

198 1) There are a number of techmques used to ﬁnd out what the student actually knows.

Short answer quesuons, mterwews, and concept\maps are among a \ few of these wchmques

(Novak, 1981 and Peard, 1983) Each of these tecbmques, however, 1s usually more nme' ,

. consuming to mark than mult1ple ch01ce tests b prov1de valuable mformauon that -

* normially is not attained. o o il - |

Concept maps have 'been' used as research learning, and teaching tools since they

~ were developed by Novak and colleagues in the de- seventies (Peard, 1983) Novak

o (1981) describes concept mapping as: e .
‘a process that mvolves the 1dent1ﬁcat10n of concepts in a body of study
' materials and the organisation of those concepts .into a hierarchical
Arrangement from the most inclusive concept to the. least. generaly most
spec1fic concept (p 13) :
' 3_In addmon the luemrchxcally arrangeﬂ concepts form a two-d1men51onal framework that'
“has lmes runmng verncally or honzontally (crosslinks) connecung concepts These lines
_ contam linking words to form proposmonal phases (see Figure 1). A system for evaluatmg
these maps was developed by Novak and staff (Peard, 1983) An example can.be seen in
AAppende A. " | o _
| A number of researchers have used concept maps (Cleare 1983; Feldsme, 1983;
. Malone and Dekkers, 1984 Martin, 1983 Novak, 1983 Peard. 1983) Novak (1983)_' :
. reported on the many uses of concept maps at Cornell Umversxty He and ius colleagues" '
~ have used concept maps to analyze mtemew data and have mplemented concept maps as

an mstrucnonal techmque As an mstrucuonal tool concept maps can be used to show |



> students conceptual relationShips { Novak reports. several studies in Which students who
" were exposed to concept maps in thetr classes were better able to mtegrate concepts than
' those who only received tradmonal instruction. Novak suggests that used as an

mstrucuonal tool concept maps can help some students "leam to learn" (p. 125)

B S o SR -
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B | / k acts
. ) -C_onsume brofen downby @ .
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. example - o ¥
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lgae ~ Bryophytes % o RS
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" Figure 1. Example of a Food Chaiff Concept Map

Feldsme s (1983) research also demonstrated the effectiveness of concept maps as

both an mstrucuonal and evaluauve tool. He used concept maps to teach’an undergraduate '

chemistry course. Students were asked to. draw concept maps regularly throughout the

term as ‘part of their assrgnments The maps grew in complexxty as the semester

.27 .: :

0‘0,

progressed. “Towards the end of the course the students were expected to draw a concept' |

v - Map on a general concept that was related to the more specrﬁc concepts taken 1in the course.
- ko
- Feldsine found that the concept maps helped isolate mrsconcepuons that normally would be

"

¥

B
f..‘\
&



undetected throuithe usual testmg procedure. Once the mrsconcepuons were 1so[ated

: students were able

Some résearchers (Malone & Dekkers, 1984 Stewart Van Krrk & Rowell '1979)'

&

_pre-‘semce elementary science method students to determme whrch teachmg acuvmes |
'1mproved the students understandmg of scrence concepts She found that concept rnaps - -
g were a valid measurement tool i in pretestlposttest studies. Peard (1983) used concept maps -
as one of the analyncal tools to assess ﬁrst-year umversrty sﬁxdents understandtng of _'

' genetm concepts Marun ( 1983) demonstrated the use of : conceEPmap quesnon on a ﬁnal.' .

T extemal exam. Two dlfferent exammers awarded marks within *et;y narrow range of

, each other for the quesuon Stewart, ‘Van Kirk and Rowell (197 heve that concept

. ‘maps can be used in biology as evaliage tools. ‘In thts capac1ty concept maps can be used

o ass1gn grades, but, more 1mportantly in evaluanon, they can be used to determme the" '

| .students "know;edge or gaps of knowledge" (Stewart, Van’ erk & Rowell 1979 S

L

: p 175) ' o . . v . . T

/

reasonanew understandmgof the concepts. - R '- N

suggest usrng lgﬁcept maps as an evaluative tool Cleare (1983) used concept maps w1th T .
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6. “Summary ' P

&
K

' This review focused on four areaS' the capabilities of the micr‘ocomputer,' the -

qu,ahty of software CAI companson studres and concept maps The abihty to bffer self- -

paced mstructlon and 1mmedxate feedback were identified as umque features of the -

mlcrocomputer The quahty of mlcrocomputer software is 1mprovmg but two factors o

prevent the mass producuon of software that can develop higher cognmve processes

First, there is the hlgh cost of development in terms of ﬁnancral and human resources.

Seeond, mdmduahzed mstrucuon and i mstrucnon of higher cogmuve processes do not play

- a ma_]or role in the traditional school system CAI companson studies are confounded by

the lack of controlhng such vanables as content and method of delwenng mstructlon In

addmon only a few studles compared the use of CAI in brology Most of these biology |

studies were at the post-secondary level Few studies whxch compared achievement -

through CAI with other 1nsq:ucuonal media assessed student attitudes. Fmally, this chapter

dlscussed the use of concept maps as an evaluanon tool to measure student understandmg
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L _Desi'gn.

The study was modelled after Campbell and Stanleys (1966) pretest-posttest'

. control group design (see Table 1) Subjects were volunteered by therr teacher. After

: drawmg thelr pre-revrew concept map the students were d1v1ded into two groups One

group used the mlcrocomputer and the other group used handouts to revrew a part of the

Blology 20 genetrcs unit. The mdependent vanable was the rmcrocomputer dehvery of the
: genencs unit.. The depcndent vanable was the post-concept map scores. A short multiple
: . ,

- choice test and a student quesuonnaue were also admrmstered for the purpose of gathermg :
addmonal mformatlon :

2
| . 2 ‘Subjects
. An urban hlgh school located in. a m1dd1e to upper mxddle class nerghborhood in"
- ‘Edmonton, Alberta was selected for thxs study Four Brology 20 (grade ll) classes taught"_' |
by the same teacher ytelded 71 pamcrpants Thts small sample was used because of the' |
1mportance of havmg a group of students that reccived antrucuon on the genettcs umt from : .
the same teacher All students were in Grade 11. The students were volunteered by therr. B |
- teacher who felt that the genetxcs review would be beneﬁcml since they had completed thexr‘.v R

: -genetlcs umt two months pr;orto this study and were prepanng for the fmal exammanon o
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Table 1

L | . Prctest-Posttcst Des:gn of this Study
‘ f/[u:etung In-Between Meetmgs L | Second Meetmg R
' ’ 1 1 = Post-Review Instruments.
: ' ‘ gramusedto | - - ‘Write | Apswer
Pretest: Sltggg“s puter review Biology 20 | Redraw. | 10item | sradent
! . p _ ro p._” Genct_jcs unit. : conccpt multiple uestion] -
gs - | intoone. . = % map | choice que: :
students | oftwo | N =42 N=36* | test :
draw | BYOUPS: ' — — -
genetics mw .H‘and‘ B g sed | wie _
;;):;:c'pp or  |omws | 'rcvicgugc:ogym ‘Redraw | 10item :t::;;&r '
| handouts | Group 20 Genetics unit. | concept | multiple| = %
_ Rt | map choice . Elrlll:if'eon'
N =43 . N=35* ' | test. |

' ‘*Notc: 14 students did not complete the second part of the study. -
3. Materials -
I ' ) . . ! I ! . ] v

e 3

N

For{th-is smdy, a CAI program was developed for the ’Macintosh_Plus coxhput_cr..

Hofstcttcr (1985) bclicvcs that studcnts. shouldn't have to take tﬁcir eyes off the screen

becausc this tcnds to dlsrupt concentrauon He suggcsts the use of touch screens or a )

mousc The mousc is an casy to use ‘input dcv1cc and comes as part of the Macmtosh o

'hardwarc Hofstettcr furthcr mdxca:cs that the "Macmtosh will have sxgmﬁcant xmpact

upon the desngn of educauonal matcnals Icons, wmdows, pull-down mcnus, chckmg and :

draggmg W1ll becomc part of the CBI desxgners cvcryday vocabulary " (p 5) Thcsc
-, Macmtosh fcaturcs were unplcmemed into the CAI pmgram devcloped for this study Thc

-
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school, provxded the use. of a sufﬁcxcnt numbcr of Mac_:mtosh Plus nucmcomputcrs so that )

- each student in Group I had access to a tmcrocqmputer | : g

i3

The computcr program was ﬁrst dcvcloped and ovaluated as a part ofa umversny -
. course in tnstrucuonal dmgn 'I‘he mstmcuonal design cyclc dcscnbed by Kearsley (1977) . X
was 1mplcmentcd in the: dcvclopmcnt of thls pmgmm Kcarsley outlmes scveral stcps in

| thc mstrucuonal dc51gn cycle 'I'hcy are as follows a needs assessmpnt, deﬁnmon of |

" instructional objecnvcs preparat;oq of mstructlon cvaluauon éf 1nstruct10n, and

implementation, Dcﬁnmon o‘ thc msn'ucnonal objectwcs mqulrcs a task ana,lyms (thc a

- "what" dxmcns;on of mstruotlon) and a lcamcr analysxs (the ’ who dlmcnsmn of

‘J'

mstructton) The prcparauon of mstmcuon wquxrcs a lcamcr analysm and a'means analysns o

(the "how dlanSIOn of mstructxon) A descnpnon of how thesc stcps wcm applxed to the

~

,dcvclopmcnt of this program is glven below. L o _'-’

Geneucs is’an area that gtvcs Bmlogy 20 studcnts a great deal of dxfﬁculty F

- my own tcachmg eécpcqence 3 have observed that the gencnqs umt leavcs a la{g? numbcr. of | |

v studcnts complctcly confused whtlc others scem to have. mastcred the u*t. Otiter btology
tcachcrs have rcported thc same problcm (Allen & Moll 1986 ‘Radford & Bird Stewart.'

1982; Tolman, 1982) Allcvmnon of tlus confusxon was tdenttﬁed by this mscaxcher as the;-_: o
educational need. Thc goal of the. msu'ucnonal matenal to be deveIOped was to focus on o

' poss:ble problemm'cas wlule revxewing the geneucs umt. ln order to define thc spectﬁc :

" _'mstrucnonal objectives that would meet tlns goal atask qnalysxs was pu-fcrmed. keemns % s

’ in mind that tlus was msmtcttonal tmtcnal for onlogy 20 smdcnts

e NG . s B



In the task analysrs, determmmg what spec1ﬁcally should be taught requlred some

‘o

| constderauon as to why the current teachmg of geneucs is not as successful as blology

33

teachersmould like it to be This dlfﬁculty of understandrng genenc concepts has -

prompted a%eat deal of research by blology educators. The resean:h has indicated several, ,

’
‘ s

‘ reasons for these dtfﬁculues or mxsconcepuons, ?I'hey are as follows

1) The termmology used is confusmg (&arrass, 1984 Cho, Kahle, & Nordland,

2)

1985 Longden, 1982 ’I'homson & Stewart 1985) "For examplc, no clear
distinction is made in texts between allele and gene or between how dominant and
recesswe are related to homozygous and hgterozygous |

There is a failure by texts and curriculum to relate the meiosis unit to the gencncs‘

. unit. 'Students do not understand that .melosw is related to the development of

3

1982).

4'4)

Punnett squares (Cho, Kahle, & Nordland,-1985; 'I‘_homson'& Stewart, 198S5;

Tolman, 1982). Students fail o recognize the connection between these topics and

~ treat them as separate entities. The learmng of one topic, however is_highly

dependent upon the other. oo ‘ : ', B
The mathemaucal aspect of tlus topic causes some difficulties. Students frequently
have deﬁcultres deahng thh ratms and probablhues (Radford & Btrd-Stewart

Wid

v

The frequent use of Punnett squares and their associated probablhtxes leads to rote
learning (Hackhng & Treagust, 1984 Kinnear, 1983) Kmnear beheves that

tmsconcepuons of genetlc traits develop because students are forced to memonze

~ rather than integrate the nrew knowledge into an exxstmg conceptual fxamework.

‘ | Th@!tudents nesponses mdlcate that the appearance of a trait is determtmsnc rather o
than probabthsuc ' |

Idennﬁcaﬁon of the above p0551b1e reasons for the d1fﬁcult1es and mrsconceptlons in

geneuc,q\lead to the deﬁmdon of the mstmcuonal objecuves



Based on the task analysts and needs assessment the followmg ObjCCthCS were

' wntten for a two part CAI lesson meiosis and monohybnd crosses. The objectxves were |

B then used ps ‘the basis for the development of test items to determine achlevement For

%m the ObjCCt.lVCS and test items were

L

The' smden% vhll

1'.

N (Meiosis test quesnons 1 and 2)4%

_ (Mmomstestquesuon8) - “‘ .

. 1dentxfy the various stag;s of metosw ; _' e

"(Mexosm test quesuons 6 9 and 10) , o

outl1nethepurposeofmexos1$ o _"é o

dlstmgmsh between ahaploxdce’ﬂ and' daploxd cell

' (Merosrs test quesuons 5,6 and 10)

dxstmgtush between a gamete and a zygote s
’ (Memsxs test questmn 4) ' v
determine the chromosome number of the resulung haplmd cell grven the
chromosome number of the d1p101d cell and vice versa.
(Meiosis test quesnons 3 and 6)
dlstmgmsh between a chromaud and a chromosome
= (Metosrs test quesnon 7)

dlstmgmsh between a gene and a chromosome

-

For monohybnd crosses the objectwes and test xtems were: .

Thestudentwﬂl

1.

deﬁne the.followmg terms gene, allele, monohybnd cross, Punnett squme,
donnnant, recesslve, homozygous. heterozygous, genotype and phenotype

(Monohybnd crosses test quesnons 1- 10)
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distinguish between:
a) an allele and a gene.

, (Monohybrid t:rosses_ test questions land2)
: .b) homozngus and heterozygous | '

(Monohybnd crosses test questions 2 and 6) ‘ ' | | o )

‘ c) recessrve and dommant. ' o |

(Monohybnd crosses test questions 1,3,and9)
d) genotype and phenotype. A

* (Monohybrid crosses test quesuons 3,6, and 8)
glven the parent s.genetic make -up, determine the probabtllty of the appearance
ofa parncular charactensttc in thelr offsprmg

(Monohybnd crosses test questions 7, 8 9, and 10) -

. 1dent1fy the relattonshtp between metosxs, Punnett squares and genetics.

: (Monohybnd crosses test quesuons 4 7, 8 9,and 10)

\ With the objectives identified, the next step was to examine in more detail the

learner chaxactensttcs and perform a means analysrs In- the means analysrs the ObJCCtIVCS‘

to be taught are analyzed and a decrsxon is made on whtch process or procedures will be e

‘used to meet these objecttves The mstrucuonal matenal in this study was desrgned for

| Blology 20 students who were between 15 and 16 years old. The matenal was written at a

grade nine readmg level The matenal was prepared on the assumption that the learners had _ :

prior mstructton in genencs One of the purposes of this CAI program was to prov1de a

revxew so the amount of time spent on each concept was minimal because the students were

' already familiar with the matenal Smce leamers have a wide range of abxhnes, especrallyv

in the genetws umt, a self-paced mstrucnonal package would best meet thelr needs Both \

g



handout and microcomputer reviews are self-paced but the microco‘mputer can provide

_ : e
mmedlatcfwdback. A . L SR :l

Another consrderanon in the means analysrs is’ orgamzmlg the presentatlon of

¢ eontent so that mstructron wrll meet the dcsrred leammg outcome. - 'l'he concepts presented

36

in the CAI program used in tlus study are of complex mter-relauo&rshrps Therefore as & -

means of eﬁ'ecnve dehvery many graphrcal representanons were used in relation to specrﬁc |

1

| _objecnves

Graphrcs are used as a remedlal measure because images help to present o

“information in a more meanmgful way as well as convey pamcular meamngs to students

o (Kearsley, 1977; and MacLachlan, 1986), and focus attentron and i increase motivation
_(Grover, 1986; Kearsley, 1977) 'I‘y help. achieve this graphrcal representauon. videodisc -

~was mmally used to grve students actual mrcrograph prctures of the various stages in o }

- merosrs. N

| . Wrth the "what " "who,” and "how": 1dent1fied an appropnate sequence of '
mstrucnon was planned. The goal of the mstrucnonal materlal was to offera revrew of the |

genetic concepts and to focus mamly on the four specrﬁc problems stated earher One of S

‘ the identified problems is the separate treatment of the two units, genencs and meiosis, by
texts and curncplum (Cho, Kahle & Nordland, 1985 Thomson & Stewart, 1985 Tolman
1982) Salrsbury (1984) suggests that similar concepts be presented in close proxumty and

that relationships or drfferences be emphasxzed Since. mnny students do not recogmze the

relatronshrp between rperosrs and genencs, the. instructional material developed hadto

present the two concepts together, in one srthn g, and then show the relanonshrp between ’

the two !
.

| 'I‘heCAIprogramstartedwrthaMefrevrewofmerosrsthatpmdspecrﬁcattennon'.
to aspects that would be used in the monohybnd crosses section. 'ljhe meiosts revrew was -
. followed by an mtroducnon to genetic concepts and prmctples In this secnon the rmtenal

e was pmsented graphrcally, showmg cell drvrsron wrth a focus on the chromosomes DR

PR



N
L

. _. carrying specrﬁed genes The male and female gametes were hned up honzontally and

37 -

R vemcally on the screen respecnvely, fortmng a matnx (see Flgure 2). This matrix was then '

sxmplxﬁed 1nto a Punnett rsquare Thls mamx was used to demonstrate the inter- .

relationships among meiosis, Punnett squares and genet1cs

The mstrucuonal matenal was designed thhtn a hnear model rather than allowing
sequence control. Students had to follow the desrgnated sequence but were grven the
option to- bypass information if they felt it was too easy” In the meiosis lesson students

>

could go d1rectly to a short ten-item multrple choice self-test and then to the monohybrld'
‘ 'crosses lesson0 The option of gomg directly to the test was offered in the monohybnd
| crosses lesson as well Gray (1987) four.d that, when undergraduate students were
required to co%trol the sequence of CAI, they developed a negatxve attitude towards that

 specific CAI exercise. " In a study with low achievers, Goetzfried and Hannafin (’19’85)

revealed that lmear control of CAI resulted in more efficient learning. Although students in"

thls study 1 we;é not Tow achlevers, most, based on the pre-revrew concept maps, seemed to -

be having dlfﬁcd& understandmg geneuc concepts. In such situations, students need v
more d1rectton to determine an approppriate sequence of instruction (Allen & Mernll 1985;
- Belland,. Taylor Cane{os, Dwyer, & Baker 1985 Duchastel 1986 Goetzfncd &.
Hannafin, 1985 Vockell & Rivers, 1984). \ ' R

A scnpt as wntten for the program and then a flowchart for the CAI program was
developed. S

uently, two different types of screen drsplays were deS1gned according

to recommendattons made by Alessx and Trolllp (1985) Scneen dxs‘plays that presented |

content consxsted of three wmdows (see Figure 2).- The top wmdow dlsplayed the ICSS(X\ :

. tttle and page number The main wmdow presented concepts ‘The bottom windo

o
the mouse to chck on thexr choxces

' mdlcated the student's choxces and was acttvated to accept their responses when they used l

DR The clsecond screen dlsplay was desrgned for the presentanon of embedded

quesnons or test questrons ‘The top wlndow drsplayed the lesson title or test ntle and the .

{.



question number. The main window p’rescnted thé questions with dixectiohs atthe 'botmm.‘ P
The thlrd wmdow was T‘ecated to thc left of the altcrnanves Students had to use the mousc

to click on the letter of their ch01ce (sce Figure 3).

Teacher's Wility mew'ing-optious_ ‘Student Options

Hw.t
Ly

Biology 20- Monohybrid-Crosses page 10 of 35

This diagram shows C—-D

all the possible

combinationsof - 1 '
pollen and egg. O @

in th_ls_-jcase all
~the eggs carry a - @ ‘
t and all the polien ¢ N’

cells carrya™T, ’ .! j |
[ Back | [ Posttest ]

‘Figure 2. Sample of Screen Display Showing Gamete Matrix

eepwe
@O

k-4

’

: 'I'he CAI lcssons were coded in chrosoft BASIC (decxmal vcrsmn) on the .

Macxntosh xmcrocomputcr wnh the asmstance of scvcml mdmduals Suuctured BASIC o

T Y prOgmmmmg techmqucs were used. Each screen was en@mﬁd asa subrouune Thxs CAI' B
"é:mgram allowed for back paging in the progra.m in whlch the uscr can move backwards 1)

rcwcwcaﬂlcrscmcns BackpagmgxsammportanbfeamthansnotalwaysfoundmCAI 
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 materials. Carrier and Sales (1987) found in their discussions with teachers that students
become annoyed when they can not review earlier screens. P
. : _

& Teacher's Utility Uiewing Oplivns Student Options
—

Biology 20- Posttest Question. 1 of 10 -
7 . 3

1) Ingerdenpeas, a green pod is the product of a dOminaht
allele and a yellow pod is the product of & recessive allele
Which letter best represents the dommant trait?

v.-G | - 'o‘-' |
©@v | |
@y

": Cd Click ON THE LETTER of gouM:H'Olce

Figure 3. Samplc of a Scrccn Dlsplay for a Test Qucsuon -

v

|

chcml othcr fcaturcs were' mcorporatcd into the program that are not typlcal of
most CAI progmms As mcnuoned earlier, studcnts could bypass the mstrucuonal matcnalf ,
‘and go du'octly to the tcstmg sccnon Thc students were also glvcn the opportumty to
- answer test qucsuons .and thcn go back to thcsc qucsuons to cnhcr rcv1cw or revise their
chomes (see Figure 4). The astcnsk mdxcated the studcnt ] answcr In fact, the studcnts:- ’
could continue changing thcu' answers unul thcy wcrg rcady to havc their answers
evaluated. ‘Once the decision to have their answers evaluated was made, no further revision
could be madc 'I‘lus feature was mcorporated because one of the problcms w1th CAI tests‘
is that, typtcally, thcy cannot be written like a paper and pen tcst. Good tests should not 4



' give away:(answers to a questiOn; -bn;, Qr times'key words can? jog_students' me)rrror'ies and
. they may want to“go back m'“chenée an answer. Therefore the test on t}us CAI program has
the advantages ofa paper and pen test and t.he advantages of CAL It was mstantly marked
and gave’ 1mmed1ate feedback The 1mmed1ate feedback preseméﬂ students wrth therr B
* percentage and showed them which questions they got wrong with an astensk besxde therr
~ choice and two astensks beside the correct answer (see Flgure 5)..

e oo e R

Teacher's Utility y Uiewing Optivas Student Options

‘ Bi_ologg 20~ . Posttest Question 2 of 10

2 Y .

2) When a pea plant w1th round peas . was pollinated bg a pea plant

‘with wrinkled peas-all 36; of the offspnng plants had round pees o '

What is the dominant trejt?

| %
@beosnepe

* hound .L_
@Wﬁnkled

_y f?‘;\ i v
_. (d}pea color

(Cﬂ-lrltlnueJ ( Ba}g] (Chanﬂn,mr]

. Figured, Sample of Options AVai;ablejAf;er sn_,dem has Selected an Answer

i
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€ Teacher's Uity Uiewing Dplions ‘Student Optiims_ - T |
 Biology 20- Posttest Question 7 - of 10 .
7) -A certain couple with a child that ﬁas 8 herditary disease -

‘have been told by their medlcal genetmst that any other

child they bear will ha ﬁ 8 1 in-4 chance of being affected ‘
| with the same disease: ThlS means that if theg have: -

@s d‘ ‘ * 4 more children onlg the lesx one will be nbnormal

o

c 3’.more children, all are h'kelg to.be abnorma‘l
Rkt more child, it has a 258 -c'honoe of being'abho’rma] .
1 more child, it has a 75% of belng abnormal

- ** CORRECT RESPONSE *‘ VOUR RESPONSE

(Contlnué_ ) [ C‘a?c’olg)

SN
o i » ‘ S : : ;

Figure 5. Sample of Coﬁ'octive Feedback Screen Display

| 'I'hrcc approachcs werc used to cvaluatc thc CAI program The content‘md
vumstrucnonal scquencc was rev1cwed by three- blology tcachers and conﬁrmed as bemg
| corrcct. Thc CAI program was tcstcd for loglcal ﬂow and bugs by three gmduate students
. from the faculty of cducauon and thcn pilot tested with five Blology 20 studcnts ﬁ'om a cuy .
3 g | hlgh school The commcnts and cnncxsms made by the pamapants were notod and used to | _
o makc rcvmons to the program. For cxamplc, one. unforcsoen problem was the stugents
| _ rcsponscs to the Punnett square qucstxon Imtnally the computcr played a short sequencc of o |
l the wahght Zonc tune if the student got three wrong msponscs ina now Some students_
, dehberatcly mput wrong responses to hcar thc music. Tlus uncxpectcd motwator was

3



’remov"ed InStead'a short tune was played for positive reinforcement when the 'corret':t' '

' answer was recelved. Other modrﬁcanons led to the replacement of one test 1tem and in the

- rewording of several other test items.’

The CAI program was tested a second time with three students from another hrgh '

o schoolsand comments and cnncrsms were noted. Several more revisions were made to the

NI

' C,’AI program after this evaluanon These subjects were a httle more xfarmhar wrth |

B computers and they became more 1mpat1ent wrth the loading of graphrcs mto memory 'I‘o g

remedy thlS, the CAl program was complled and then copted from' two 400K drsks toone .

800K d15k Thc CAI program took only about thrrty rmnutes. but these students were.

bored wrth the hmted mteractron To remedy thlS problem more embedded quesnons

were mcorporated. '

In a th,trd trial wrth five Brology 20 students, more interaction had been,v

mcorporated mto the program wrth questtons that prov1ded feedback. Attnbute 1solation :

fcedback, as suggested by Mernll (1987) was developed for each of these questxons

Appropnate feedback was grven based on the student's response For _exarnple, one ’

Co
v

Cmbeddedqugsgonask od' f’ o ents t° 1d°““fy the heterozygonc from the followiné listt' Yr, |

Y

v message would be "Bofh ﬂleles are 1dentu:al here therefore this is an example ot' a -

'homozygote "If students chose Y the. message was "Remember that TWO alleles are

: researcher’s students had made in the past. i
In the evaluauon of the mstructronal

"

al test results ﬁ'om the ten item multrplev

4

' _chorce exam mdlcated that the CAI program was successful. A mastery level set at 80% ;

-+ was attained by the students paructpating m the three tnals Casual mtervrews wrth the

E ';.students afterwards also mdrcated that. they felt they had learned somethmg from the
- 1progtam. TheCAIpr%amwasconsrderedtobesuccessfulmaeeomphslnngmgoal

e

t for the same gene. Try agam " If students chose YY the,% .

S a .

_.reqmred for a genotype " These responses were based on common mlstakes that thzs:‘- I
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The vxdeodxsc secuon was deletedL cause only one student at a ume could be

= mrcrocomputer and 1ncorporated 1nto the program to replace the VldCOd.lSC frames The

| ‘replacement of v1deodxsc frames wlth computer graphxcs d1d not affect the content of the
: CAI %ogram in any Way Another reason for ehmmaung the VldCOdlSC secnon was that 1t
v was too much of a novelty for these hlgh school students and thls may have mﬂuenced the

) results

The handouts (see Appendlx B) were developed by convertmg the BASIC code mto

~an ASCII ﬁle and. then transfernng it oVer to.a word processrhg program All ba51c

dumped onto dxsk and then mcorporated mto the word processed document. The handouts

: were then 1dent1cal to the CAI program m content and method of delrvery The only

sxgmﬁcant dlfference between the two medtums was the feedback The attnbute 1solat10n o .

feedback from the embedded quesuons and the correcuve feedback in the monohybnd

crosses test were not avatlable to the group usmg the handouts, B \ -

g- -

: The test 1tems were all based on. the objectlves stated earher for the monohybnd

- _ crosses lesson Test 1tems (see Appendrx C) were wntten after the obJecuves had been

| detenmned. These quesuons tended to overlap, requtnng students to someumes meet

1

- tested In order to facrhtate large group testlng, dtagrams were drawn on. the ‘

» commands were deleted leavmg only the textual content matenal Each dlagram was screen -



i

sevetal objecttves m order 0 answer one questmn Dtscussmn of the development of these
o Z:.test 1tems follows below L | T ' | K |
' .’ | Thls mstrument ;neasured the success of the students tor achteve the speCtﬁc

' "'objecuves In total there were 20 muluple ch01ce test 1tems 10 for the mmosxs self-test and g |

- 10 for. monohybnd crosses test. Each 1tem had four alternanve answers The content of ' | _
B v“_the quesnons and the alternanves were ¢ based on my expertence asa Btology 20 teacher in -
o '.Alberta. Test ttems ranged in dafﬁculty from sxmple memory tasks to more dtfﬁcult
. problem-solvmg tasks These 1tems were evaluated for content vahdtty by four bxology
:_teachers Mmor rewordmg revisions were made before the ttems were tested w1th the

B "‘,_thtrteen Blology 20 students who volunteered to ptlot the CAI program. Student comments
.i’and test results led to. the replacement of one questton m the metos1s lesson and seveml

: other rewordmgs To determme the monohybnd crosses test s reltabthty, an 1tem analysrs
»was performed on Lhe test quesuons after the results from the 71 students were.‘obtatned
o ‘The Kuder-thhardson Formula No 20 Rehablhty was 0. 77 'I'he Corrected Po&t iSeﬁal
. 'vv_vCorrelauon was greater than 22 for each 1tem Only %he results from the monohybrtd

o crosses lesson were analyzed for thts study because these results were to’ be compared to

° K
‘f"’,'

L ,‘the concept map scores

" . : v' : o _“.' \)g“ L . -
- A concept map glves a vrsual representauon of cogmnve structures and prov1de

: valuable mformatxon about student understandmg of concepts (Novak 1983) The concept
o map test used in tlus study was adapted from a sfdy done by Peard (1983) Some

S ,'concepts were removed because they were not requxred to meet the stated m'strucnonal

o of understandmg a student has of selected geneuc concepts and an understandmg of tlir :}_'-"f .

R _relanonslups between coneepts.



"'j.;’4'5.f- -

-, Concept u)aps have been used by other researchers and found to be "alld t°°1 fOl' . '_ ) -
'assgssmggudc is undcrstandmg (Cleare, 1983; Feldsmc, 1983 ‘Martin, 1983 Novak -

e

e "Iherefore the quesuonnatre’itéms for the secdnd research quecuon are as fouoWs~

a 'rneasunng student understandmg and found it to-be an effecnve assessnlaﬂt twl tha; 1s

-"_thataumecsumatecouldbemade : ‘. ;

o

o

A student quesnonnatre (see Appendut D) cons1stmg of 17 ﬁve-pq,ni Lu(af“scale

o 1tems, rangmg from strongly agree to strongly d.tsagree and four open-endcd tgﬂ‘s was.

. /. student atutudes towards the medium of 1nstrucuon and the dghvery method of ingtittion,
: and to assess how much compuxer expenence the parncip%ts had. Sevcn leaf‘ scalc
‘ o 'Items were taken from a sutvey developed by Rxchatd,s (1983) The remamlng 10 legrt~“ ‘
o :.:iv‘,scale 1tems and the open-ended 1tems were de‘velopggf usutg gmdelmes ouu;ﬂed by Abdel- ‘
| | | Gald Tmeblood and Shngley (1986) The @gttonnmre ‘was. ptloted op ﬁ"g y'atluatc l
R ; _:fj;students ﬁom the Faculty of Educauon 11151{ comments on the 1tems werg Ust 10 Ihakc'

‘_ .';:;i_{fthe a,ppropnate revisions and remove ambng\'uty in the ltems o . )
o 'l‘he randomly sequenced quemor@lmre 1tems pertamed to thej research QQegﬂolls It

would prbvxde valuable nifox‘lnxuon that could generally be related to thg conwpt tllaps

- . . A -
B . . . ’

O

2

£ 1983) As ‘well, Peard (1983) compared the concept map techmque to other rpﬁalls of B
' easxer to mark and provxdes valuable mformauon about p0531ble mtsconcepﬂons Peard s =
‘ '(1983) marhngscheme was shghtly modtﬁed for tlus study (see Appendn; A). ﬁnd S&wed:' i_

. as the key for evaluaung the students concept maps 'I‘hree blology studgnts \\,erc &wen‘ ?
. the concept map assugnment before 1t was admxmstered to the paructpants of the 5tudy 50 -

fdeveloped by the author to ass,ess student percepuons of the coment mateﬂal 10 aasess .'

i Awas felt that determmmg stude percepuons of thelr knowledge of the gcﬂc'JQs tﬂategal o



9 |
lgm_.z 'I'hxs progxam hclped to clanf’y somc of*e concepts in gcncncs thatn_ 3 :

Thc t}urd rescarcy question dealt wnh studcnt atutudcs towards fhe medmm used -®

o Dld studcnts ﬁnd this material uscful? B t |

I::m.l& Ttnsmatcnalwaseasywundcrstand. L , B
Qnsn..Endsd.IIsm.Z In what way or ways, 1f any, did you fecl tlns program’ o "

4

%

< confuscdmc T S

helped ‘you lcam gencucs? L

/, B

p '-.,” | : ,, ' : ‘.;‘?v" ;
- 2 What were thc smdcnts pcrcepnbns of thclr undastandmg of d L ;‘;;'_' .;, >
2 Dldstudents feel they undctstoodtl'nsmal" e .
_ Iemd I understood IRJS matenal before the mwcw |
2 = Lm_& I need morc,umc than my classmates to understand gcncucs.} R
‘ ngm_u 1 ﬁmi gcncue; to bc a dlfﬁcult sub;g. e
" b) D1d students fcel thcgy undcrstood thc rehu{onshlp bctween mclosxs, Punnett -
:"I_tm_lﬂy Understandmg the process of mclosxs is 1mportant when leammg‘_‘_ -
’ A ;_Ltm_].} ‘lhcrcxsarelanonshlp}bctwecn n;emmsandgencuds T
[ _ o '_ngm_ll Them 1s arelauonshxp betwccn mexosxs and Punnett Squarcs 7:.’“ . 4’:
o . ngnjmng_m} Do you feel tlus pmgram pmpomﬁcd any dxfﬁcnlﬁes m - .
' gcncues of which you werc unawarc" (ch or No)____ If you _
answcr ch, be speclﬁc m descnbmg m%sc”dlfﬁculms ) | P

- for dchvcry and the mcthod of dchvcry Thc quesnonnmrc 1tems assowated thh thlsd.’_;’

- T

rescamh qucsuon amasfollows ’ “s,ﬁ ‘-;

3. What were the studcnts amtudcs towards the medium used and the dehvery method ff

'. ofmstrucuon? S ,' TR .;-_{

A



~anee

L a) --_Wasthereapreference for;pne ofthe med1a" e ‘v ) _' -v - \

' I_tgm_Q Iwould prefer domg thts typeof review on the computer Lo

", _tgm,_lﬁ Iwould prefer domg tlustypeof revrew fmmaset of handouts
A ' . .
')-f"“b)" ."What were students atutudes towards usmg the mrcrocomputer for _
SR mstrucuon" R 7 1_ R
Cage | m Teacherscannotbercplaced by machmes L
| | _llﬁ‘m.i Iwould rfther learn thlsmatenal fromaperson_.;
' -Itg_m_l More topics should be taught by computer .

BEREEIE S __1[;__ Computerscan helppeopleleam |

p R <) What Were students' attitudes towards selffpaCed instruction versus traditional

— s mstructton"

| 'fI.IEm_L I prefer leaming in the tradmonal classroom T o
| Ltg_m_ﬁ Ihketo have control overmy own learmng N - )
h;m_],ﬁ People should be allowed to learn at thelr own speed

an&n_@_h;m_{ Dld you enJoy workmg w1th tlus program" Yes or No
Why or Why not? What did you hke or dlshke" Be specrﬁc

One open-ended quesuon was asked so that prev10us mlcrocomputer expenence '
| could be determmed Tlus mfomiatron was used to determme if computer use was a

o

© novelty expenenoe for these students. The question askedv was as follows.

ngmm_‘l ‘Have you ever had any: expenence wrth a computer" (Yes :

or No)____ If you answer. Yes, describe how often you }nave used

e the computer and for what purposes



.4, Procedure

- The researcher appﬁaehpd a brology teacher at an Edmonton htgh school that had :

..the m1cmcomputer hardware requlred for&u study The neacheragreed to have four of her . :‘

E ”Btology 20 classes parttcrpate in the study Appropnate measures were taken to obtatn |

. | -permtssron from the school board and school adtmmstratton

 Students were told about the study by the teacher a week before it was conducted._ oL

o 'The researcher met wrth the students on the day of pretesnng The students were told that o

they would be part of a companson study during the- revxew of a umt of study they had'. e
’ah-cady completed ‘The procedure was explamed to each class mvolved in the study in: the o

' same way by this researcher

 The students were also mformed of the extent of their pamctpauon and the amount o

5 of cooperauon expected. Each student knew that he/she would prepare two concept maps.

take a short 30 mmute reV1ew lesson in geneucs write a ten item multiple choxce test and? g

complete a questronnaue "The students ‘were mformed that therr partxcrpatron was : :

v luntary and that the could w1thdraw ﬁ'om the stud at an ume Er hty-five students.
gunary 24 y at any g

began the study but only 71 complemd all the requtrements Each of the 71 students who -
completed the study mvested two&ﬁnnnute btology classes in the study

In the ﬁrst class the pre-revrew concept map was glven to the students in thetr L

&

f regular classroom. Students were grven several examples of concept mappmg and anf . o

mstrucuonxsheet (see Appendtx A) It took approxrmately 30 mmutes to explam concept o

i :'mappmg and provrde examples In the remammg 20-25 mtnutes the students were asked o -

| :_draw a concept map whxch mcluded 18 genettc tg'ms (see Appendtx A) Students were -

o -askedtouseacodenameon thetrconceptmap 'I'henamehadtobesometlungtheywould-
"remember 'l'lusgmcessofcodenameswasdonetommmam anonynntyofthe students “ |

| Students in each of the four‘classes were randomly dmded mto two groups The ':'

B . l mrcrocomputer group recetved the CAI genencs tnstrucuon and the- handouts group



- _ each class the students code names were. wntten out on’ §tna11 shps of paper and placed ina ‘I :

E contarner As names were. blmdly drawn ogt frpm ?lte conta?ner they were alternately 3

- assrgned o the two groups unul all the shps were gone The mean scores for the pre- -

}

-'rev1ew concept map test for the mrcrocomputer group was 9. 314 and for the handouts R

S group the mean was 8. 472 Results from the twp factor ANOVA (see Table 3) md1cates_ o

.'that there was no 51gmﬁcant drfference in achxevement on the pre-revrew concept map '

. -‘between the two groups [Fa 69) = .889, p<.3491)]

; In the next class, .whxch was two days after the ﬁrst meetmg, the students code :

_ names were called as they were a351gned to one of the two groups The rmcrocomputer :

group was sent to the mrcrocomputer lab whtle the handouts group remamed in their L

; gular classroom Many students had been to the mtcrocomputer lab before, sotlg use of '

' the mtcrocomputer was not a novelty. The mlcrocomputer group recetved msu'ucuons

v fmm the researchet’s assistant on how to stgn on to the program. It tool: no more than five

-mmutes 10 get all students onto the program After completmg the CAI program this |

group recelved the ten 1tem mulnple choice test via mcmcomputer and correcnve feedback-

© same concept map asin tlfe last class and then to complete the student questronnatre before

S leavmg Students had to write their estabhshed code name on both thetr concept maps and

i

- v tests so.that compansons could be made

- ~ was glven When the students were ﬁrushed they were asked by the assrstant to draw the B

~The handouts group went through the same procedure except they were glven the g

_ handouts When they ﬁmshed the handouts students were given, as a paper-pen test the -

. same ten item mult1ple chorce test as themrcrocomputer group. After completmg the test, - S

| the students were askedlto draw the same concept map as last class and then to complete the |

student quesuonnaue

.~



 CHAPTERIV .
' RESULTS

1. Statistical Analysis -

All stansucal analyses were performed usmg the 'ograru StatView on ‘the

- ‘Macmtosh Plus mlcrocomputer Concept map scm were yzed by two factor repeated
measures ANOVA The leert sCale 1tems of the student q .esuonnmre were scored in the
\‘followmg manner' Strongly agree (SA) = 5 Agree (A) @ Undec1ded (U) = 3
| '-'Dtsagree ®) =2, Strongly disagree (SD) = 1. The mean for each Ltkert-scale itemwas
calculated for each group and for the two. groups combmed. Any mean greater than 3 was
| 'consrdered as. agreement with the statement and any mean less than 3 was consldered as
‘ drsagreement. Pagano (1986) suggests the use of t-tests to deterrmne drffenences between‘ o

o two groups Therefore a t-test was admrmstered to’ deterrmne 1f there was a s:gmﬁcant_ 3

™\ 'dlfference in responses to an item between students in the rmcrocomputer group and the‘

douts gmup A conelanon coeﬁiclent matnx was generawd for the Likert- scale 1tems to . |

]" determme 1f the nems used to answer a research questton were oon'elated. Any cornelauon_' . .'
| coefﬁcrent greater than .5 was consrdered " be a hrgh value Student comments for open- -
ended items 1,2, and 3 arepresented in Appendax D. 'I'hxs chapterwrll presem a su(rjnmary

ofthosecomments ‘



Before addressmg the ﬁrst research quest%n"xt had to. be asﬁ‘crtmned if -v

' ‘mstrucnonal material was eéecuve in meeung its stated ot;]ecuves w1th a sample of ’

oy

!

, students The overall mean for the monohybnd crosses mu}txple ch01ce test for. both o -

groups combmed was 77% Students in the high'to mid rax%fe' of scores had an avemge f

R .greater than the 80% requn‘ed for mastery of the revrew matenal (see Table 2) Students in

the lower 27 5% range of scores had an average of 50.5%. Accordmg o the mult1p1e o

: b‘ch01ce test the rev1ew mstrucuonal matertal proved to be effectwe for 72. 5% of the students

mvolved in tlus study because they exceeded the cntenon level for mastery
Table 2

Mean for Monohybnd Crosses Test for Both Groups Combmed o |

| 81.3% 50.5%  T1%. |

Table 3 shows the two factor repeated measures ANOVA used to determme 1f there .

‘was a srgmﬁcant 1ncrease in all subjects post-reVrew concept map scores from the pre-

review concept map scores. The results (F (1 69) = 6. 214 p< 0151) 1nd1cate that the '.

‘review msu'ucuonal matenal mcreased student understandmg of the genetxc concepts

However because the hxghest score attamed was 50 out of a possrble 125 pomts, the _‘

| v levels of understandmg Frgures 6 and 7 are examples of the concept maps drawn by a

| mstrucnonal matenakould not be consrdered successful in helptng stﬁdents reach hlgher'v R i

E o student in the hlgher groupmg of scores Some proposmonal hnks changed lhtothers did " .



R 4

wt. The l:pvml proposmonal lmks mdtcated that there was not a clear undetstandmg ot'

how the concepts were related. | v

~ Genetics

Inheritance "~ . mosomes .
1 ombe "-\-n‘be

| mvolves e ‘
l‘ : Homozygous Heterozygous e

- Monohybrid - . :.:mf '.
Crosses m,m‘ Gene o

w8 . TR shows
. Phenotype Genotypc v' ' '_ ,“ R \
o Flgure 6. Pre- Rev1ew Concept Map Drawn by Student w1th Code Name Portnoy

\

_ '-'I'he'fo'llow'_ing supplexnentaey Question arose from the data gitien ztbbve; y "

B ?7’@  Did students who dld well on the muluple chonce test do equally as well on
the post-xevxew concept maps’?

hows R I
happenin / ZY%“' i Recesswe Domm :

o In order to s answer this quesnon the post-rewew concept map scores were correlated to the :

N types'pf tests mdlcatmg that only 9% of the vanance was predxctable The two tests were -

£

S muluple choxce test scores A correlatton coefﬁc:ent of 31 was found between the twov' =

| g | mcasun,ng dtfferent learmng outcomes and success in one test dld not necessarily mean o

,.success m‘dre other test. It seems that the mstrucuonal matenal was eﬁecuvem presetmng}'"



i
ol

-

o

e factual matenal but not cnurcly successful in developmg hxgher lcvel leammg outcomes

such as understandmg mter-relauonshlps of concepts

o
s B
Lo M;éiosis- ' Chromosomes nAnd‘ SR M°"°hyb“d
tarts Fom. N gives cells Crosses '
cells which ich are |
- 7 Diploid  Haploid
O -
it Zygote ~
Réccssivc Dommant | - . ,S}IIOW!'I on
e " Punnen Square
e ::,:w\
Genotype Phenotype

o s
means i
= L,

Homozygous o Heterozygous fI‘ralts

anure 7. POSt-RCVICW Concept Map Drawn by Student w1th Code Name Portnoy

The purpose of tlus study was to determine the effecnveness of CAI when -

compar. to anothcr means of self-paced instruction. The ﬁrst rescarch quesuon stated i in

Chapw.‘ Iwas

’
-~

- Would there be a difference in achxevcment bctween students usmg the -

tmcrocomputer and those using the handouts torevaew genencs" C o

0L 1 oL
e o "
- . i 5

4

RN
T Lt
PO .

53,
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x The two factor ANOVA rcported in Table 3 was, uscd to dctermmc if any stgmﬁcant CE
| ydxfferences for the post-revxew concept map scores ex1sted between thc mxcrocomputer -

N - )
v . 1
LI . 1

A group and the handouts group There was no sxgg))lﬁcant deference bctwceh thc two
8 woups [F(l 69) = 889 p< 3491] A t-test was apphed to detcrmme 1f any deferences
*"K}sted between gmups for the monohybnd crosscs muluple choxce test and no sxgmﬁcant
d1ffcr¢ncewasfound(t-428 p< 6703) [ e
I summary of the results for the ﬁrst tesearch qudsuon it was found that students E |
| in the two gnoups showed no sxgmﬁcant dlfferences in: muluple chou:e test scones or m | '
: post—rewew concept map scores 'I'hese results mdlcate that the CAI used m thls study was .
as effective as the handouts in dchvermg the geneucs review. The concept map t&st and the o

&
’ uluple choice test did not measure the same ldarmng outcomes as mdxcated by thcxr low :

B I
- correlation. .
v

_ - _- N Table 3 ' :
- L Two Factor ANOVA of Groups and Concept Map Tats

Teﬁ‘B) T 1 /sks14] 356514 6214 0151
g 1 F78549 8549 149 = 2263
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nd Res hu ion *

» Studcnt perccpno:éhu lcammg ar@a.lso 1mportant in detetwung the success )
' of the mstructlonal matmal..;[herefore the second rescarch quesuon was: |
' What wcrc the students' ‘p'eiceptions C')ﬁh?if understanding of _this unit?
 This question was. brokcn down 'ﬁms three socciﬁc ’ouestions Infomﬁon obtaincd- fmﬁx : ._
the studcnt qucsnonnalre was uscd to answer each of these quesuons The first qucsuon' .

o asked was Did. stude?nts feel they understood thls material" Quesnonnau'e 1tems 4, 8 and:. _

RSP pertam o this quesuon A t-test decated no sxgmﬁcant dlfference in responses to thesc» _ |

| b; xtems was found betwcen the two groups (see Table 4) Students from both groups were

on thc agree S1dc (mean v3'232) of the scale for 1tem 4 Students tcnded to dlsagree with

1tcms 8 and 11 Item 8 ‘“uscd to detenmnc studcnts perceptxons about the
lcvcl of dtfﬁculty in the gcneucsm (cornelauon cocfﬁcxcnt = 713) A cotreléon matnx- -

(see Table 5) mdxcates that if a student responded on one end of the Ltkert-scalc for item 4 i

t._he/she would tend""or____ ond on the other end of the scalc for 1tems 8 a.nd 11. 'I'hese a

o ) ﬁ' . “ &% .
_— results mdxcate Lhﬁ*th se students f«fek( they undcrstood the genetlcs unit and d1d not’ -
o percelvc themscww k?m%y maJorproblgms w1th the unit.

Ty . k
SR (W . .. i
Coe ,"’."—"‘. C PR
i ~ Table4 FE .
it o t-tests thfercnces mMean Ratmg of Groups for Items4 8; and 11
. Mtcm-
U ‘ o B co‘tiapuﬁ"! Handouts Both
“Ttem- ‘ T Group M‘?’Group Groups '~
# 0 .. . Item } Mean Mean - Prob.,
4 ‘Iundetstoofmxsmatenalbeforedte S _ ' \
< review.. v L ale 33053 3239 5785
8*.«"_.;'-Inwdmmeumemanmyclassmates R RN SCR C
" tounderstand genetics. - - - 2794 2939 2.866. -.627'1’. -

11 1find

etics to be a dxfﬁcult sub'ect.

. .2.,559'3 2906 ;2727 - 284
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Table s e

' Corre‘auon Coefﬁment Between Items4 8, and 11 ) f

" computer Handouts Both' L

. Itcms Group GrO-L__ Groups :_‘ |
laxs | -a34 | 663 | -533 -
o jagul--39 | weis | .40 |
- 8&nl a5 | o615 | m3 ]

Quesuonnau'c 1tems 10, 13 and 17 and oP-n-endcd questxon 3 pertmn to the second. . S

o quesuon D1d students feel they undefrstood the relauonshlp bct‘iveen mexosm, Punnett‘ L

: 1tems 10 13 and 17 As the results mgable 6 mdlcate, students ggreed that there was a

o

S, squares, and genetxcs" There were no sxgmﬁcant dlffcrences b\.twcen the 1 two gmups for o

relauonshxp between me10s1s, Punnett squares, and genencs However, ’I‘able 7 decates o

, thatonly items 10 and 13 arehlghly corrclated.

Open-cndcd item 3 asked Do you feel thxs pfogram pmpomted any dxfficulnes in ; |

geneucs of whxch you were unawarc" (Yes or No)_ If you a,nswer yes, spcmﬁc in .

o -1tem There was no 51gxuﬁcant dxfference in the open-ended responses between the two - - B
gmuPS N.Q. Was the answcr glven by@54% of the students answenng thxs 1tem. The- '
‘remaining 46% answered Xes and further elaborated on thcxr answers. For the most part' i

: ,. these students felt that the program clanﬁed defimuons such as allele and chmmosome and‘ _'

| vhad clanfied the relatxonshlp between terms Some found that mexosxs had becn clanficd ' oL

Nonc of the students spccxﬁcd that the relatlonshlp between mexosm, Punnett squares. and e

-, "genetxcs had been clanﬁed. Funher exammauon of the post-rcwew concept maps mdxcated .

5 that only 4% drew crosshnks between these concepts wnh a slgmﬁcant proposmonalff,j'” .

‘ statement.
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I"'. se means from the quesuonnmre 1tems mdxcgted that the students beheved a :
" relauonshlp exists between rnexosxs, D'unuett squares, and ginencs However, the behef} ; )
| that me1051s 1s related to Punnett Squares was,,not as htgh as the behef that a relanonshlp".”
R exists betweer' meiosis and geneucs The conéept maps, and me correlanon coefficxent
-“:_between ttems 10, 13 anu 17 mdrcated a lack of understandmg of these relauonshlps 3 '

s Students recogmze there isa relauonshtp between these concepts but were unable to explam' :

therelauonshrp
L Table 6 _
R e t-tests szferenccs in Mean Ratmg of Groups for Items 10, 13 and 17
R : : o computer Handouts Both _
Item . - e Group - Group - Groups o
N - Item o ) ‘Mean Mean- ' 'i ‘Mean Prob.

10 Understandmg theprocessofmelosrs S TR L

~. - -is important when learning about tics 4.353 . 4.242 4,299, . .4379 -
13"-'Iherexsarelanonsh1pbetweenmet081s Ve T s L

.. . andgenetics . . 4206 - 4061 - 4.134 - 38030

- 17, 'I'herelsarelanonshlpbetweenmelosrs s AT '
‘ . 3706 3.394 - - 3.552

and Punnett S uares 2509

Table 7

/ Correlauon Coefﬁcxent Between Items 10 13 and 17

- | computer:| .Handouts " Both o
Items Groupv _ Group Groups B

10&13] 698 | 576 | .639 Py
10817 -.063 | .154 | ".043

[13&17l 2200 (280 | 259

Students were asked questronnarre 1tems 2 and 14 and open-ended 1tem 2,10

answer the third quesnon Did they ﬁnd this matenal useful" No sxgmﬁcant dlfferences - |

':\;‘



g

were found between the two groups for thrs questton otudents agreed w1th both th&se
v 1tems (see Table 8 Y but there was a low correlatmn between the two items (see Table 9&*

.’-‘L“ ‘\ o

Open—ended item 2 asked In what way or ways, if any, did you feel thxs Prog IPUERE,. .

'helped you leam geneucs" Of the 71 students pamelpatmg m the study, 53 responded to 3 .
_ fﬂus 1tew Both groups gave posmve comments on thts 1tem Theg felt that the | R

' ’.vmstrucuonal matenal prov1ded them w1th a good review ¥ but that 1t really drd not present D
- them w1th any new matenal Some felt the mstrucuonal matertal whxch was provrded _v .‘
g clanﬁed certam cone?gts in geneucs Two students one from each gmup. ébmnknted that =
they apprecmted bemg able to move, through the matenal at the;r own rate Several,__ . -
i 'comments were made by the tmcrocomputer group that were not made by the handouts _’ -
.group Students usmg the CAI program commented posmvely about the graphtcsl,,j s
‘:.component, the attnbute 1solauon feedback, and the correcttve feedback. Ove%ll 1tems 2 -
fand 14 and open-ended item 2 mdrcated that the students paruerpatmg in thls study found.

- themstrucuonalmatenalusefulasarevrewofgenetlcs P
k. v . Table8 |
L tetests: thferencesmMean Ratmg of Groups for Items2 and 4.
T e RN T computer/Handouts Both o e
Item S T~ . Group | Group Groups' Ce
L hem _Mean | Mean  Mean _ Prob. .«
Tluspmgamhelpedtoclanf?someof ’ L SRR
theconceptsmgeneucstbatconfused,m_,3706 | 3818 - 3.761-'w 602
14 Thrsmatenalwaseas to understnh o83, 706 3636 __3.672 7327 ..
. A . " \.:L;‘ BN _» / . . s . »1
' Table 9 / ', - ' o R
. Cortelatton Coeﬁicrent Between ﬁtemsZand 14 . -
% 4,,
: & . ‘ . ‘ ‘ ‘ M
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To surnman,ze the results for the second research ‘quesuon 1t was found that.

: ;relauonshrps were not correctly drawn on the concept maps Students found the

B instructronal_-materxal easy to'understand and useful. ‘There was. no dxfferen_ce in -the. o

_ asked was: -

VYo

 students' perceptions towards the instructional material. o

- I . h .nd

The thxrd research quesuon in thrs study dealt wqth student attltudes The quesuon : A

e b ]

1

What were the students’ atutudes toward the medrum used and the dehvery
. method of mstructmn” S L _

o i

’ '_ 'Thrs quesuon was spht mto three more specxfic quesuons Quesuonnam: 1tems 9 and 164

| pertam to the ﬁrst quesuon Was there a preference for one of the medta" A sxgmﬁcant -

g 'w1th this use.

. A hrgh mverse correlauon (see Table 11) was found between 1terns 9 and 16 indicating that

-

' students who showed apre

drffenencc (see Table 10) \Vas found between the two groups for both 1tem 9 (t =5. 175

p< 0001) and 1tem 16 (3 -_-1 08 p< 0001) The rmcrocomputer group had a- strong

preferencq towards usmg the m1crocomputer and the handouts group did not. Fhe

mrcrocomputer (4.088; th ‘ the handouts group showed towards usmg handouts (3 182)."

nce. for one medium drd not show a preference for the other

i

medrum Thxs hlgh inverse correlauon is attnbuted mostly to the responses frors students
in the mxcrocomputer group R |

'mrcrocomputer group disagreed w1th the use of H‘andouts while: the handouts group agreed .

mputer group showed a stronger preference to using the

A
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a 'y '
e Table 10 BT , . ®

: t-t&sts lefcrcnces in Mcan Rann&gf Gmups forvltcms 9 and 16

. : SRR . 'pcomputcr Handouts Both R
Item - ' .- . Group - Group = \Groups SRR
# . Tem ~ Mean Mean Mcan Prob

9 '-Iwouldprcfcrdomgdustypeof R ‘
- review on the computer. - -, .~4_.088, - 2727 3418 E 0001

16 . I'would prefer doing this typeof e | .
e rcvxcwfromasctofhandouts ' 2,000 3,182 .2.582 OOOI
o

R

¢

§ . , .
7N
' ' Ttems GrouE :

ﬁ

Qucstmnnaxre 1tems 3 5 7, and 12 pcrtam to thc second qucqsuon What wcrc

students atutudes towards usmg the mxcrocomputcr fgr tmstgxcnon? Therc was 'no

R - Table u - ' |
CorrCIanon Cocfﬁmcnt Betwecn Itcms9 and 16 - | i %

computcr {Handouts. Both f?,, R v

loss| 704 |40 | ces7| LWL N

. { ,u_ s : ' “. K
mgmficant dlffcrcncc in rcsponscs to 1tcm 3' bctwccn the two grouﬁs (sce Tablc 12)‘ DAL

. Students from both groups agrecd that:(cachm's can m?t be replaccﬁ by maciﬁnes Both' ’; ; | »
groups agreed with item 5; but, thcrc WaS a Slgmﬁéanl’ d1fferen°cc m the lcvet of agroemcnt-“z{ L

= '3 571, p< .0007 ) Thwomputcr gYoup was %ry close S bcmg undccided;-,-‘-"- ‘

. +

G 059) on this item whlle the handouts group rated it qngre hxghly,(B 879) , '

A s1gn1ﬁcant£1ffcrcncc bctween groups was fouhda for item : 7 jt = 4 058 k
p<.0001) and item: 12 (t=3 632 p<.0006) 'I'he nncrocomp,utct group agreed that more
\opxcs should_ be taught by computcr whlle the handoilts group dlsagreed thh the

' ‘_stat:ment. Both groups agreed w1th 1tcm 12 but t}fmtcmcomputer gmup showed stronger _' RN

agrecmcnt than the handouts gmup for this 1tem. Table 13 shows that thcre isa hxgh -

mvcrse correlauon bctwecn 1tems 3 and 7, and bctWeen m:ms 5 and 7 Itcms 7 and 12

)



A
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showed a hlgh correlauon A large d1fference between groups ex15ts for the correlation

. coefﬁcxent fori 1tems 3 and 7 The handouts gmup was much more hkely to agree w1th 1tem » |

" 13 and then dxsagree w1th item 7 than W, e xmcrocomputer group Therefore students -

- who felt that teachers could be replaced by machmes were more hkely to feel that '

| computers could help people learn and should be used to teach more tOplCS Overall '

. results from items 3 7 and 12 ’u;dlcate that students who used the CAI program had a -

= 'more povae attitude towards u_' ,,'.}'%g'ooomputer asa medmm of i 1nstrucuon and had
a4t ‘

more conﬁdence in 1ts ablhty to teach ;‘:#' .

. Gf»l . -

_Table 12°

- t-tests: Differences in Mean Rating of Grouus for Items 3,5, 7,"and',12' | | &'
e —— B - computer Handouts - Both’ ‘
Tem EER ~ Group ~ Group ~ Groups _

# S Item .+ Mean . ~ Mean Mean Prob.

3 Teacherscannotbereplacedbymachlnes 347T' 3.909 ~ 3.687  .0867

5 Iwouldratherlwntlusmatenalﬁ'om
- a

j e 3 3.879 . 3463 0007
- -More tomcs shouldbetaught by compiatér: 3.

3.727 .045

Correlauon Coefﬁcxentlﬁetween Items 3 5,7,and 12

e g : computer Handouts Both i ‘
: ‘- . |ltems Groug Groug _ Grou}g s -
- B&s | 287 | 456 | .420°
13&7 ] 289 , | -726 | -.528
13& 12} <245 | -484 | -431
; o5& w653 | -a76 | -635
5&12) -.327 . | -.080 | -314
7&12,,“.4'.<;a' 613 | 627

2607 3269 - 0001
0006
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Questtonnan'e 1tems 1 6 and 15 and open-endgi 1tem 1 pertam to the thu-} an d oS

ﬁnal questmn What were students amtudes towards self-paced tnstructron Versus

tradmonal mstrucuon" 'I‘here was no srgmﬁcant drfference between groups for these ttems e

(see Table 14) Both groups strongly agreed wrth the ablllt)k to have mone control over

therr learmng and to work at thetr own speed. Students as a wh tended to dtsagree but - SR

“were very close to bexng undectded about a preference for the tradmonal approach of

& teachmg Table 15 shows 2 low eomelauon between items 1 s, and 15

o

Open-ended item 1 asked Drd you enJoy worklng w1th thrs program" Yes or‘ =

N Why or why not" What d1d you hke or drshke" Be specrﬁc Of the students

partrcrpatmg mthrs study, 62 answered tlus 1tem Of the 62 students answerrng, 55 (29 '

from the m1crocomputer group and 26 from the handouts group) responded X:& One .

student from the handouts group was undectded and the rernatnmg srx, three from each

group, answered No. Students fmm both groups commented that the mstrucuonal matenal ,

provrded a good revrew and was easy to understand. Both groups commented on the

| ab1hty§to move through the mstructronal mate'nal at thetr own paee wrth most of these o o

. comments made by students in the rmcrocomputer group Students m the mtcrocomputer

group commented that they Iiked the change from the regular classrodtn and found that the . o

o computer prov:ded an mterestmg means of dehvenng mstructron The rmcrocomputer ‘

group also commented favourably on the 1mmed1ate feedback and gmphrcs presented ui“the v s

CAI program. Drshkes menuoned by the mrcrocomputer group were that they could not -

ask the computer quesuons and one student found the frame by-framei: 'sentatton oo’ -

ch°ppy R T N SR i

| Overall the resultsfrom 1tems 1 6 andgls and open-ended 1tem l mdrcated that )
students from both groups had a strong preference for the self-paced approach to learmng

- ThosestudentsusmgthetmcrocomputerfoundthattheCAIaddedvanetytothen'class m B

—
progressthroughdtemstmeuonalmatenalattben'ownrate

o the open-ended responses students re—emph:_srzed thexr apprecmuon of bemg able to



RS Table 14

e t-tcsts thferences m Mean Raung of Groups for Items 1, 6 and 3‘5 ) i

» fcomputer Handouts Both < *’
.Group .-- Group . Groups
Mean "'-Mm ~Mean

# N Mem

1 Iprefer learming 1n thc tradmonal
‘ tlassroom. =
6 . Ilike to have control . ovcr my learmng
People should be allowed to. learn at
' thclr own §

f 2005 7
4104

14.164° 3

3, 152 .
403~

4, 061

2706
4 176

4, 265

Table 15 .i : o f.: :, AR

Corrclauon Coefﬁcxent Betwcen Items 1 6 and 15 .

‘ .

1&6

.249

H;néioﬁts

: GrouB Gro‘uE. o
B 4-.0'9'2*- N

1 &1s

061

001

554

6&15

290

.a' Y

Groups- §* '+
27 I

a2 |

D

In summary of the results of the thlrd reseamhquesnon, studcnts who usod the CAI. o
program mdrcatcd a prcfcrencc for usmg the rmcr‘ocomputer to rev1cw geneucs ’I'}tc iy
' .tmcrocomputer group had a more posmvc attitude toward usmg the mrcrocomputcr to L

dchvcr mstrucuon Both groups had a posmve atutude toward sclf-paced mstrucuon
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'Ope'n-ended item 4 was asked to determine if microc':omput'er use 'was a nove} o

f,srtuauon for these students Students were asked: Have youmhad any expenence. .

. _Z y ',workmg w1th a computer? (Y es or No") . If you answer Yes, descnbe how often you

e, ,*:‘(-«?t' e

.

"_}?., have used the computer and for what purpose Of the 71 students in the study 67 stened -
! ."".thrs 1tem, of those students only seven had no expenence wrth mlcrocomputers ‘The '.

: remamder had been usmg mrcrocomputers for word processxng, prograrmmng. or games ‘
o Over half had taken a computi hteracy course elther in hrgh school or in Jumor hlgh'».
'-" school Of the seven students who had nevé’r used a computer two were in the

‘ mxcrocomputer greup and ﬁve were in the handouts group Therefore, 94% of the students -

M

in thc rmcroeomputer poup hnd some prevrous expenence w1th rmcrocomputcrs



CHAPTER V

DISCUSSION, CONCLUSION, AND RECGMMENDATIONS = .

- B : - - Lo T
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presented in apter. 1. The second sectlon presents a conclusmn on the practrcai

1mphcauons of thrs study for a hlgh school brology teacher The ﬁnal sectlon presents |

-~

A L
_recommendauons for further research' I T , L

: y' .

‘1. Discussion"

. ) . g N r . IR
. : : o , e P . .

3

Clark ( I985) suggested that there would be no srgmﬁeant dtfferen ach1 vernent

if CAI was compared to another medlum of dehvermg self-paced 1nstruct10n The results/ .

This cipter is divided into three sections. ‘The ﬁrst section- discusSes the results .' V':

of tlus study support Clark's assertrons In this study, CAI was as effectlve as handouts in

: Q .
- dchvermg a review of the Brology 20 geneucs umt. The only maJor drfference between tbe

o ).nedra used i in thxs study was that the CAI offered correcnve and attnbute molatlon
feedback whrle the handouts drd not. Bork (1986) beheves the 1mmed1ate feedback

L charactenstrc of CAI i is responsrble for the effectrveness in achrevement reported in other

) ."studxes 'I'fus study, however, mdrcated that the rmmedxate feedback offered no advantage

~ 'The results of ‘this study are supported by Farragher and Szabo (1986) They

.

placed the students reglstered m an undergraduate sctence course into one of ﬁve gmups '

: All gmups were mtroduced to a new topre througlw CAI program The CAI content was

' tdentmal for each group except for the vanatxon in presentauon of embedded questrons and :

) .

4
o -



(

: _. no s1gn1ﬁcan erence in the overallpg .,_a ement between the groups These researchers
: ) suggested that undergxaduate students already have sufﬁmently well-developed mfoxmauon |
: processmg skﬂls that embedded quesuons and feedback do not prowde any advantages in -
'leammg | e |

1ti is p0551b1e that the students in this study d1d not need the: atu'tbute tsolauon
i feedback Smce it wasa rev1ew of matenal wuh whxch they were alneady famlhar. Students

'responses to the quesuonnalre items decated that they beheved they understood the

| S matenal before the rev1ew Most students probably answered the embedded quesuons

- correctly the ﬁrst ume and hence d1d not need or use the attnbute 1solauon feedback Even

» though the fwdback in this CAI program d1d not appear to help students make gxeater gams

in achlevement, sevetal students expressed thetr appreclauon for the feedback. One student o

.beheved that the CAIL helped because "it clanﬁed and ‘gave 1mmed1ate prmse or correctmn e
- for short quizzes." It is also poss1ble that the students did not pay senous attcnuon to the '

" ', . feedback since achlevement scores o_btamed in the study would n_ot -be _mcluded in their final =

grade. | | | ,
. An mterestmg result generatedfrom thts study was the dtfference in scores between ‘
concept maps and muluple choice tests Students performed well m*the multtple choxce test
- but poorly on the concept map Part of the problem could have,_ been due to students

unfalmllnnty wnh concept maps Most students found the concept map frustranng beeause

St requued dxfferent cogmuve shlls The muluple chowe test evaluated knowledge and

o apphcauon of geneuc concepts The concept maps evaluated understandmg of geneuc

,concepts The concept maps were also capable of determtmng spectﬁc areas where ; -

' students had problems

. -



As tndlcated in Chapter I many studres use muluple chorcc tests to measure -
_ achlevement However these studles are only measunng knowledge and apphcauon *lls

v and not understandxng This study- demonstrated that knowledge and apphcauon of ge tic

concepts was htgh even when an understandmg ot the these concept§ and their relauo

to one another was low The mstrucuonal matenal helped students revrew but d1d not Iy

- students understand the relauonshxps among memsrs, Punnett squares, and genetics. L r
-A major portlon of the mstructlon was desxgned to demonstrate the relauonshrp '
among.metosrs, Punnett ﬁuares and genetxcs Although a srgmﬁcant mcrease between :
pre-revrew and post-revrew concept maps was obtamed the gam was not sufficrent to_‘ )
conclude that the mstrucnonal matenal was effectlve in developmg an understandmg of t{us‘ v :

' rela shrp Thrs result is not an unusual result for the genencs unit: even wrth carefully -

desifed mstructlonal matenal 'Peard' (1983) observed srrmlar results when he used'

,ueaunent- ) they did pnor to the study |

 Pan of the reason for the lack of understandmg of geneuc concepts may be that the
geneucs unit is too abstraCt for hrgh school students Another problem is that once
students have developed mrsconcepuons, it is very drfﬁcult to alter their rmsconceptlons ’
(Brumby, 1984; Peard, 1983 and Osbome, 1980) One tlme 1nstructron is not sufﬁcrent' '
to alter concepuons Repeuuve instruction has done little to change student rmsconcepuons :
- (Osborne, 1980) so that a short revrew, even if it focused on the problem areas, would

- likely do very little in the way of developing understanding.

: 'I'he ,questionnaire i_ter_n;'rcsbponse‘s also suggest a llac'k, of understan_dingot'. the
gtnetic concepts. If students had understood the relationship of genetic concepts they



'
B v

68"

A wouId have rated 1tems 10 (Understandmg the process of mexosrs is 1mportant when» o

-leammg about geneucs ) 13 (There isa relauonshlp between merosrs and geneucs ), and g

_especially 17 ('I'here isa relauonshlpabetween meiosis and Punnett squares) hxgher than |

they dld Also, all these items should have had high mtercorrelauons Instead students
" who agreed that understandmg meiosis is 1mportant when learmng about geneucs d1d not

always agree that there was a relauonshrp between meiosis and Punnett squares 'l'h1s -

| result may have occurred because these students probably felt that a relauonshxp between

 the terms must exrst since the terms were presented in the same rev1ew However, the .

h.\ X

'students were not certarn of the exact relanonshlp and therefore d1d n\/answer the

' quesuons w1th the same amount of agreement.

Students agrced that the mstrucuonal matenal was easy to understand (1tem 14) and'

that 1t helped clanfy certam concepts (1tem 2) The low correlauon coefﬁcxent between

these two items can be explamed through the open-ended responses ‘Some students did
- not feel that they learned anytlnng new. Instead the CAI program and handouts srmply S
d any problems -

item 2 itwas |

B revrewed matenal that they already knew and they did not. feel that they
w1th the: geneucs urut in the ﬁrst place 'Iherefore, 1f students dlsagreed wr

’ not because the program d1d not provrde adequate mstrucuon but because the students felt v

. they knew the msuuc%gpal matenal »

One aSpect of thrs study mvesugated drfferences between the two groups in thelr‘

' atutudes towards the medmm used fori mstrucuon and the dehvery method These students

. rated attnbutes of self-paced mstrucuon hlghly and lacked preference for a tradmonal '

classroom. The low correlauon for these items- mdtcates a lack of consxstency in the

students' responses However, it is hkely that students who agreed w1th 1tem l (I prefer‘;i o

v learmngmtheu'admonalclassroom.)alsoagreedwrthrtemsconcermngambutesofself-_.-_‘ﬂ.'- o



L paced mstructron (I like to have control OVer my learmng and people should be allowed to '

| leam at thetr own speed ) Students may want a httle more control over thelr learmng but

' tradmonal msu'ucuon 1s probably the only means of mstrucnon wuh Wthh they are,'

farmhar The students seemed to be hesrtant to enurely grve up one method of 1nstruct10n o

-

. for another ‘These students may want some self-paced mstrucuon mtegrated mto thev

o tradmonal classroom. Johnston (1987) reported sumlar ﬁndmgs In her study, students g

. wanted to have more comrol over therr learmng but’ drd not beheve the computer could 8

replacc theteacher EEEASERS S ',.' E
, Student attltudes toward the attnbutes of self-paced mstrucuon were posmve

} Students preferred the opportumty o 'learn at their own pace Some comments wat

1 enJoyed the change and the ablhty to work at my own speed thus enablmg
- me to more clearly understand the matenal athand. '

‘leCd the speed at whxch you can take mformauon in compared to teachmg
. _by people _
I hked the fact that I was more m control of what I was domg
Reg}ardless of the treatrnent 'these students had ,the same 'attitu'de towards traditional
. ’ . . . P

mstrucnon and self-paced mstrucuon

" Even though there was no dxfference in achlevement students usmg the

»

’ mrcrocomputer showed a strong preference to reviewing the geneucs matenal through CAI s

The mxcrocomputer group seemed quite satisfied with thelr expeqence and firmly drsagreed

 with using handouts to rev1ew These students probably had expenence usmg handouts RS

"and could give a more deﬁmte answer about therr preference smce they had expenenced )

both medra -'-I'he mrcrocomputer group ] expenence with both types of media could e

: 'explmn thxs group's higher inverse correlatron for i 1tems 9 and 16 The handouts gmnp on -

the other hand dxd not know what CAI was capable of and drsagreed with the use of the v

rmcrocomputer yet some were somewhat uncertam about their preference to using

handouts. . .



The mmrocomputer group placed ‘more confidence m the ablhty of the |
mtcrocomputer to dehver mstrucuon than’ the handouts group Although most of the -
: - students had been usmg computers in the past, it seems evident that they were not aware of .
: ;ltS mstrucuonal component. None of the students commented on usmg the rmcrocomputer v‘ v

- 'for CAI. The expenence the mtcrocomputer group had w1th CAI in thlS study convmced

them,that_CAI isa ytable mstructtonal tool. The handout group could only_ go by what they =~ '.

Cdmew. g
The mlcrocomputer group agreed w1th item 5 (I would rather leam this matenal"

| _from a pcrson ) although not as strongly as th . handouts group. The agreement Wlth 1tem,_ o

5 by the m1crocomputer group may AU g cause students found usmg the'
' L . )

?microcomputer o0 unpersonal Two stu' :

I dtsllked not bemg able to clanfy a pdtnt can 't ask a cornputer

” é" X It would be mce to be able to ask questlons about what you got wrong

Based on the results given'by the students'about their previous microcomputer exper'it:nce,_~
bj it seems hkely that the handouts group had no 1dea what CAI would be like on the .
. mtcrocomputer They felt that more toptcs could not be taught by computer; whereas the .
: _mmrocomputer group was fatrly confident more toptcs could be covered. Johnstons
| (1987) study revealed similar ﬁndmgs Students exposed to CAI developed a posmve‘

attttude but dld not feel it could replace the teacher because CAI was too tmpersonable

L .

'Iheposmveatutudedevelopedbythemtcmeomputergroupcanbeannbutedtothe..ﬁ_ . :

CAI experience.. Since students were randomly placed into the gmups. it 1s probable that
"'both groups shared the same attitudes towards computers before the treatment Simtlar :
onclustons were reported in Keuper's (1985) llterature review wluch mdtcated that: - b
students exposedtoCAIhadamoreposmveammde towards learmngwnh thecomputer
“Even though the handouts group mtssed the CAI expenence they Stlll agreed .
although not as strongly as the mtcrocomputer gmup, that eomputers could help peOple:’ e



NI Scoring‘ 'Gliidelines “for- Conce‘p't" 'Iﬁgb's' |
P § .
Maps w;:re scOred-accordmg'to thc followmg gmdelmes adapted from Peard (1983)

’ __-Appropnateexamplesused ...... .’..._. ...... ' f . lmark -
,"Foreachproposmonsmatls R S “ B
= -valid and significant ... ... e e e i e 4marks L
‘ vahdbuttnvxal...'....'.._.'.».5! .......... 1mak - 4
‘ Foreachcrosshnkthatls et o
. - validand significant .. ....... ..ol
vahdbuttnwal...‘........_‘ ..... O
Hierarchiés - o \_ y L
Correct placement /relauonshxp ........... P A
| Incom:ctlmks/amblguouslmks e e P )
. ) . o —
- ®
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2) Drstmgursh between S BT A

3
#

Th|s program’ |s desngned to revrew your umt on. monohybnd crosses

By the end of thls program you should be able to

) Defme the followmg\t{erms gene alleleqj monohybrrd cross,
o Punnett 'square, do
T genotype, and phenotype

o

B S P

a) an allele and a gene , .
b)- homozygous and heterozygous : o e
' ¢) recessive and dominant . IR T

d) genotype'and phenotype

- ——
.
-

- 3) “Given the parent's genetlc make up, determme the probabuhty of

. the appearance of a partlcular characterlstlc in their offsprmg

S 4) Identlfy the: relatnonshlp between mglosm Punnett squares and

.+ genetics. T S | e n

. [ .
) - e ) .
R I e T

- ‘

Before dISCUS .ng getritetic terms you heed to revuew meiosis. = It is

s

ant, recessive, homozygous heterozyg_oJ '

[N
e '
»

important that you. undersiand how gametes are formed and why they.:_.."
have a reduced number of chromosomes. You have the option of a ~ **

review of meiosis before takmg the Meiosis Test. This is a short” °

" ten mmute review, |f you are falrly familiar and confident with the
" material you may go directly to the test. - The test.wul—check your.
understandmg of meiosis (reduction division of“cells). . You should"
try,to achieve at least 80% on the ten |tem test before gomg on to
the Monohybnd Crosses, Iesson .



L, T % Meiosis -

heye is too simple for you you may- go. rmmedlately to the test. Keep

.in mmd however that you wrll be expgcted J;o achleve at least 80%

jon that test . = _ ' . o

vt
\

,DNA repllcatron is an esSentlaI process in céll dlvrsron '
. Chromosome repllcatlon results ‘in repllcatron of DN\A because DNA

olecules make” up chromosomes '

_ When studying cellular dnvrsron |t is- |mportant to understand the

difference betwéen somatic cells - (body cells) and gametes (sex

‘ cells) and between drplond and haploud

’

' 'Somatlc cells contam two of each type of chromosome. One set is

mherrted from the female and the other=from the male. This double'

- set, of chromosomes is called the. DIPLOID number and is represented

by 28, -q.standmg for the number of different types of s

_ chromosomes ' : R .

A
—~ .

Sornat_i_c Cell SR A

Three types of |

“chromosomes

and 2 ofeach. of the same type

.2n=6§ v

Thls is a very short review of meiosis. If the materral presented ;



; ','fferences

"‘-’l-laplom cells have onlg ONE of edch tgpe of chromosome

' 1Thls ls known as the monoplotd number and is represented
aﬂ{bg n l

B B stgmette Cell - | — ;

' Three types of -
chromosomes
and only on g__eof ,

o each B

)

ompare ‘the 2 cells b91 ow and make sure gou understand the

- n=3 I 2n=63*'} S -
haploid Cdipleid -

..:}

Meloss |s also known as REDUCTION DlVlSION ThlS makes sense
-7 'ginée - the: :number of chromosomes (the units .of DNA that carry the .

-+ ecell dmswn

Menosus Tﬁfk in_all, sexually reproducmg organlsms The cells

-

N s . T - e P KX . v . ) ’ :
. : L . . d . - A . .
.- ; S . L 2 . “.. : R ) L - . A . K
L. . . . . . L. : ot

PR .
e S - : s o o

. genetic: mformatnon) in a cell |s ?educed ‘in half after thls type of

: _formed af the end of this cell dwnsuon are called GAMETES or SEX SN



'ggWhen ‘two gametes fuse together they form a zygote For example mj L

. humans the .gametes are called/sperm and egg.. When a sperm ceu i
fuses together with an-egg cell. a. zygote is formed. .The zygote "

- ontalns twice 'the number of chromosomes of the mdwndual sex

" cells.  If this_reduction division. in meiosis. did not ‘0Geur, - the
chromosome- number would double For example in. humans the B

- diploid, number (2n) is 46. "If thére was no- reduction dlvrsron then ‘. :
after onle generatiogy there would be 92 chromosames i tHe, cells of -
the offspring. - In-the_second generatlon there would’ be- 184 N
chromosomes in each cell. By the: tenth generatron there would Ll
'already be 94 208 chromosomes per ceII TSN ST
Homologous chromosofees are two chromosomes that contaut the
same gene sites. For example two chromgsomes - are homologous if, o
_ they both. cOntam the gene for eye color,” hair texture ‘nose shape- and.-

.'soon, So a 'set. of homologbus” chromosomes are. responsrble for the LTI,

same TYPE of genetic mformatnon BRI
/7 LY . . S ‘ ki
The sect?on outlined i }— R T N
fof eye colorexists [/ . color. ) M) o ‘
both chromosomes R
but the color (blue, - - _nose s { .
* _brown etc.) may be i f -shape . /
~_different on chromosome '} L |5 L
Athenthecolor B AL g
“information for BN hair Dl . i
. chromosome A" = ' L }—' texture . L b R y
‘ Chromosome-A .- Chromosome A" -.

o ) ) : )
' S . . ‘ , -
’ - . ! o .

Each gene’ site’ is responsuble for a partncularLeature (eye color) but
" the actual trait expressed for the trait may be different on .
- chromos?me A (eg @lue eyes) than on chromosome A (brown eyes)

L

{



ﬁ’te ,_process that dees the cell chromdsoma?"\umbé

-

g.process of ‘meiosis can be broken’ do\ovh mt\ot
i,. u wnll now rev;ew these stages '

ot j:'s repltcate and shorten ', o S

";“*ma,completes dupllcatson producmg suster kN

- .

%:!hrotgatlds are . exact coples of each other .
- ."§fr?"f'.. each chromosome conS|sts of two snster

P

:s'v

.,
f'.~?

£

1 2%

_repltcoﬁng

— enlerfged. |
.nuéleus

-resulting haploid cells has"ONE ‘of E_A\GH type of

0
“w"‘“'-“ oo : ; . . T,

‘:chromosomes e




e ‘Prophase .

. homologous chroposomes (each consnstmg of 2 chromatlds)‘

‘pair up with each other to produce .a tetrad” (4 chromatids) e
- “nuclear material and nuclear membrane breakdown R
- 'splndle fibers appear L e e

d','

< .

. . ) ‘ v' . . . ' .
Proghase 1. S i

~—homologous /
chromosomes

III Metaphase I o -
- ‘_:"{chromosomes move to the center of the cell o form the
..+ . equatorial plate. -

e - -homologoug chromosomes line up opposite each other on the
. equatorual ‘plate. |

Metaphase 1 | | o o T

. ' . : 3
homologous SN
" chromosomes line kY
" upatcentre. = -




=

/IV Anaphasel SR

\

homologous chromosomes (each composed of 2. chromatlds .
-joined by a. centromere) separate and move apart towards the
poles . .

Ty ) : . N ‘

Anephage t

>homologous
chromosomes




N

V Telophase I v

. - one set of duplscated chromosomes accumulates at éach pole
- nucleus may or may not reform. '
- dwrsron plates form separatlng the cell mto two cells

Bithis stage the number of chromosomes is reduced to the haplond
rom the dnploud number (2n).” That is, there is only one set of

_ Hosomes | per cell but each chromosome still consists of two
Womatids. These chromatlds will separate in the second phase of

/

‘Telophase 1° .

cell hegins
todivide




o i .
VI. PrOphas'é I,I""" o ,' s , ‘ _4 _
- spindle apparatus reforms o _
- there are now two haplond cells.: . . -gy - )
e ~ Prophase-- e )
> Two haploid
,cells .
M e
| Vll Metaphase Il A
- “duplicated chromosomes line up in the center of each cell fo
form equatorlal plates - 5 A
‘ Metaphas_e nooo- o T '_
' »chromosomes
N "line up at
centre ' '




. - _ ) ) hvy_:'
oy R M 9%
Vil Anaphas'e - L S

-, S|ster chromatrds separate ‘each now belng called a daughter L
chromosome 7 S e
PR B & | TR .
— Anaphase I L
d »

sister
chromatids

X Telophase .

N &

- daughter chromosomes Iengthen and nuclei reform in each cell.
- - each cell forms a cleavage furrow that pinches and d|v1des |t .

in two. . S T A T
Telophase || !
' cell divisipn ’
 begins
o © o K




U ! » a 1 14\ "{. s
- : 97
The end result IS fbur cells with the haplond () mumber of e { -
chromosomes . - (e o - .
- N . "
.
° .
N | N . S
>t 3 ¢ > j ‘r * ‘ =] ‘ ..(“" . &"’
o ) L go( e 3 . ﬁ“

You shou|d reahze that meiosis is a oontmuous process When you ‘ :'é’
. view this cell division under the mlcroscope it is very duff:cult o, | e#
dlStmgmsh all the stages. - _ -

= - . “



Meiosis? Jest

B _Thrs test consusts of ten questlons dealmg with memsus You should
‘ have a- fair understanding of the.meiosis process and the dlfferences
.between diploid and haploid cells. Write your answers on a separate

' sheet and then check youaresponse wnth the answer key ‘

.1j)“

" A. double the chromosomé‘> number )

)

&)

‘The-main function of, meiosis is to )/

4\-

B. counteract the doubling chromosome effect of ferttlnzatlon
C. replagb .mitosis - ifs it's not functioning o '

. D. reduce the chromosome number by one quarter

.O.ODJ?"_}

. T -
Meiosis -
‘ B - -
is a general. process for organism growth

occurs in all cells of the organism ’ ' -

involves two- cell’ divisions - S

_mvolves a smgle dwrsnon of chromosomes
If ‘the dlplord chromosome numb 8 in an ‘animal cell |s twe|ve
‘each gamete contams : _ o

| &
n. three chromosomes |
B. six chromosomes - L | e _
- C. twenty-four chromosomes - * ' . 2 2

- .D. sixteen chromosomes \ S Co
‘ ‘ . L . . ‘ Q» ‘ . ’ (’ B

When two gametes unite the result is a

. A. a sperm cell

B. an egg cell

C. a zygote
D. a_'rneioticvcell



. A two compleﬁe& of genes
" B. one complste. set of genes

S éour complete sets of~genes k | . ', S ) C‘ |

.‘6),.

9)

"'A. a chromatid contains no genés' .

Each drplord cell of the adult orgamsm possesses R
. : : S

C. one half the number of genes ~ -

N "'\

B. n pairs of chromosomes
C. 24 number of chromosomes _
D. 2n pairs of chromosomés . - *

What is the difference between a chrom'osome and a c’hro'm\atid]'

B. a chromosome contains no genes
C. two chromosomes make up & chromatrd
D. two chromatrds make up a chromosome

What is édrfference betw’en a gene and a chromosome" ’

"_’A a gene contarns DNA that provrdes the lnformatron for many

' characteristics and a chromosome. does not
'B.a chromosome contarns one gene
C. a gene-contains. many chromosomes . N | |
D. a gene contains. DNA that provides thg information for one .
characterrstrc and a chromosome contains  many genes

In what stage of merosrs do chromatrds move away from each

-+ Gther?

~ B. Prophase’

A |nterphase : S PR - .

e

C. Metaphase

 D. Anaphase

At the end th,«tﬁe first melotrc drvrsron there are two cells each \/ ,

‘vwﬂh

“A'n number of chromosomes



. gz N o »

- 10) At the .end of Telophase |l there are
A. 2 haploid cells

~ B. 4 haploid cells
C. 2 diploid cells

‘ D. 4 diploid- cells

&

oa b =T
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102
Monohybrid Crosses

. "I

JUNDUE

This vlesson is on mondhybnd crosses. If you are already famlhar
with the material you can ask for the.test but it is to your: '
advantage to go through the short tutorlal lesson. By the end of ‘the :

lesson.you should be able to:

1)

2)

3)
-+ the appe‘aranCe of a partioUlarcharacteristic in their ,ojfspring.

\

Define the ‘following terms gene allele, monohybnd Cross,
- Punnett square, dominant, recessive, homozygous heterozygous

genotype and phenotype . . .

‘Drstrngwsh between.
"a) an allele and a gene

b) homozygous and heterozygous

c) recessive and dominant

d) genotype and phenotype

Given the parent's genetic make-up, determine .the-prob'ability.ot L

Identify the relatlonsh|p between meros:s Punnett squares and

genetics.

§



The dlscovery of how cells dlvrde mto gametes helped to clarlfy 4ihe
‘means of genetic transmission. The probabllrty of a particular trait
" being - inherited could be determined provided sufficient information.

about the parents was available. This lesson will remnnd you of

- some. terms and will look at some’ ‘examples of determrnmg the -
'prbbablllty of mhentance of genetlc traits. .

-

Genes jhat occupy ‘the same site oi. homologous chromosomes and

103

_ A gene can be defmed as a sequence of D'NA that carnes mformatlon
of a particular trait .or characteristic. - Genhes are found on _ '
-chromosomes. - For example there is a gene that controls eye color.

- control the same trait are 'ALLELES. The gene for eye color has two -

different alleles. They are ‘the alleles for blue and brown eyes. The

followmg dlagram should help you understand these terms

) . . . . . . . . . —_—

'This diagrem represents a cell at-'rletap'h‘ase I
This chromosome sister chromatids

‘ g ,. oﬁginnted from ‘ -‘-Z':.'. ..............

X N \  This chromosome |
originated from the

“one parent and has | :f-- 3333533388828 :
' ' the other.parent and”

" replicated to form '
2 51ster chromatids ’ has rep_llccT(’ed to~
form 2 sister

~ chromatids. |

‘The section,betwgenthe dotted _lines’ represe‘nts a gene.

=

Gregor Mendeq an Austnan monk, examined the lnherrtance pattem .

of a number of characteristics of pea plants. Each. characteristic

" was determined by a gene./ Some of the characteristics that he

looked at were as follows:/ ‘plant height, flower color.and seed
shape. - In his experiment,, Mendel took . pollen (male gamete) from a

- homozygous tall ‘glant an 'pollmated the egg (female gamete) of a\

homozygous short plant. Homozygous means that both alleles

QOntrolImg a characten rc are the same g .



T=Tall allele

. The tall plant has two
chremesomes to-carry the T
alleles for the characteristic
plant height. The same applies

_t_:shor.t.allel-e Is t not T

4 . — - -
- .J

T 5 w

‘Remember in meiosis these ceJIs wo’t’:ld dwnde twice each producmg

 to the short plant except the ane'le'

- 4 gametes. ‘The chromosomes carrylng the gene for plant height are -

segregated into gametes. In this example gametes are egg or pollen
cells. . Now the rest is up to chance. Any .one aof the pollen cells can
fuse wnth anyone of the egg cells to -form a diploid zygote. The
followmg grld or square shows' aII the. p055|ble combmat:ons

pollen@ @

- egg

- This diagram shows

all the possible
. combinations of -
‘pollen and egg.
In this case all

the eggs carrya - @
"t and all the pollen -

cellscarrya T. : O

@
IS
&)
S
@

ool
Lloblol

Gl
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ThlS square showed you that all the possnble combmatlpns of egg and
- pollen gave only one type of zygote Since all the eggs carried they -
--same allele and all the pollen cells carned the same aIIele aIl )
. zygotes are. the same. o :

: ,:When the gametes egg and pollen cells fuse together, they forma
- zygote that develops and grows into a plant. The orgamsms that -

- arise from a mating (cross) aré called offspnng In the square you

just saw, all the resulting offspring will have the GENOTYPE (the”

" “hereditary make up of an organism) Tt. Oﬁspnng wnth two. dlfferent :
alleles for the same characteristic are referred to as L

HETEROZYGOUS. Even though the ffspring carry. both alleles, the ,

actual physical appearance (PHENO PE) is- tall and not an mbetween
helght as mlght be expected ' Ce S

.

=

ok appears that the. T allele |s dommant over. the t allele That lS,
- dominant. allele expresses- a physucal characteristic, even when |t is
- found in combmatlon with another allele for the ‘same

. - characteristic. The' t allele theréfore is recessive since it dan’ only

express itself in the homozygous. condition and not.in.the
heterozygous state when the dommant aIleIe |s present
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: Several terms have been presented The next three questtons w:II

test your understandlng of these concepts Circle the correct
“'answer drrectly on this sheet :

1. WhICh ‘of the followmg genotypes is an example of a homozygous .
,mdwudual" - :
A.Bb C - -

B. b ! - _ _
- C. bb

D. bt

e R |
2. Whichmaf the following - genotypes IS an example of a
~ heter@2ygous. lndlvrdual’? ' :

_ 3 A gumea pig homozygous for the trait Iong hair is mated with a f@
guinea pig homozygous for the-trait short hair. Al five ' \
offspring had Io_ng.glalr. Which trait is dominant? |

~ A. hair length
. B. short hair
C. long hair
- D. medium hair
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1t is necessary to know whlch symbols to use to express traits and
how to-apply these when working out & cross (mating). - ~ Although
there are no_universal rules the followmg are the most commonly
" used. : :

RULES

4 N .

1) ' Use the first letter of the word expressing the phenotype
produced by the dominant allele to represent both alleles. For.
example, for the frait plant height, the letter 't' is used in both
its  capitalized and uncapitalized fqrm because a tall plant is

the product of the dommant allele

. 2) The» dominant a‘Ilele is- always capitalized. The dominant allele
for tall plants is written as a capital 'T". .

. Q

3) The recessive allele. uses the same letter as the dominant allele
except that it is written in uncapitalized form. The recessive
allele for short plants is written as an uncapitalized 't'.

4) For heterozygous genotypes, the capital letter representing .the
© . dominant allele is written first, eg) Tt and not tT.

®



&

*

The next two questions erI check your understanding of the above
rules Crrcle the correct answer drrectly on thls .sheet.

<
\

.7 In frurt flies, the allele for- red eyes is dommant over the allele :
- for whlte eyes The 'allele for red eyes is represented by C

- A. R and’ ihe ‘white allele by W
“B. R and the white allele by w _ :

C. r and the white allele by R =~ - =

'D. R and the white allele by r : '

~

. 2 I red eyes rs dominant and white eyes are recessrve what is

the genotype for a heterozygcus fruit fly?

A R

B. Rr

.C. RW | R o |
" D. Rw T
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Answers o .



You are now ready
- to use a punnett

square’to solve - —_
genetic problems. . @

. This square that you
~ saw. earlier is very

51mﬂar tos punnett

‘squere. o j ~

=

‘Steps For Usmg A Punnett Square

A PUNNETT SQUARE is g checker board dlagram that WI|| help you- . -
‘work -out a. cross (mating). In this lesson we are. dealing. with s
MONOHYB 31D CROSSES. .That is we are Iooklng for the outcome of

only ONE ‘genstic trait in a partlcular mating. For example, what .
offspring might result from. crossing two ;heterozygous (Tt) pIants"
~Let's solve this problem step by step. First you alreidy know that

the Ietters we: will be usnng are T-and t.

v
e

Lo

-
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- " Diplow Cell of'h‘e'vte'rd_z—'g"gofe{_;‘ s

" Diploid Cell of heterozygote

.' . . L -~ -
_ . , \ . . o 7 . T=Tell allele
o -\ t:shof‘t-a]lele

 payent. Thisis where your ’
| knbwledge of meiosis is essential. -

2

. f’\Deiermi-nethe gametes ‘of/E\QH/

o © . N\ pollen/ -
‘These are the. : -,

L}

 gametes that =~ egg

we can use just the
~ _letters to represent -
» " .the alleles carried

by the gametes. - @
@ . ‘ ) ‘ K
el

- will be produced. . @
To simpltfy things '

J
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R
~ letter represents
~analleleona

P

-

‘We can reduce

carry the t

emember each

chromosome.
‘We™tan simplify

this even ‘f‘qrther,.: o

femaie \_

- gamete

the square since
20f the 4(1/2)

of-the gametes

carry aTand .
the other half

all ele,

\,

2 T

12t

T T

Tt

TT| TT

Tt

Tt

T Tt|

Tt | Tt

Bt

male ~gar'nete’ ,

172 T

3



" Half the male gaméfés -carrg'é T allele the -

.other half carry a t allele.

together they |
‘would form a zygote -

fe‘m‘al”e _male gamete .
gamete N\ 172 T 172t
Helf the female " .
gametes.carry ' - ‘
aTalleleandthe 172 T
~other half.carry '
a tallele. ! | -
22t '
L ~
e | | -fémele _male gamete & C
. . ) ; 4 . .
_ Now i’f'the' . ‘gﬂrrlet'e 172 T r'/2 “t |
male T gamete , ,
and the female _ e
T gamete fuse T W4 TT

-~ with a TT genotyps,
" Therefore s 1/4

(1/2x1/2) CHANGE  1/2t]

that the of fspring wiil
be homozygous tal) (YT).




Hereisthe .
completed

~ punnett square.

There are only
two different

~ phenotypes: .
Tall (TT and Tt)
‘Short (tt).

72T
7N
Tl e T 1/4 Tt ..
2t 174 Tt 174 tt
-\ male gamete '_ .
~ female 172° T 12t
. gamete — . | —
mppT | WATT 174 Tt
172t /4Tt 1/74 tt

2t

female ' male gamete
gamete |

Remen})er these steps: when solvmg monohybrld crosses

1) Determine the letters to beL9 use&
. 2) Determine the gameges of “each - parent

3) Each different gamete is represented by a letter.
are on: the top row for one sex and in the frrst column for the.

other sex.

The gametes

118

. "'4)» Complete the squares by calculatmg the products of the Ietters.'

./

)
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.NoW“you can try a problem Flrst you will be guuded part way
- through then you will solve the Punnett square.

. Problem: In humans the aIIeIe for brown eyes _is dominant over the .
‘allele@}or blue eyes. What dre the chances of a heterozygous brown

eyed mafe and a heterozygous brown eyed female havmg a chnld with

b|ue eyes’) o , I , . ‘ .

First we are told that brown is dominant so we can use the letter B
for brown and b for biue. - Next we know that they are both '
heterozygotes therefore they each carry a brown and- biue allele.
The male will produce either B or b sperm and the female wrll
produce either B or b eggs. Now think .about how you would use the
Punnett square to solve this problem . . K

~

- Use the letters on the right to compl‘ete this Punnett quor_e. "

~

b b
' BB Bb




. .

 Answer .

\

-

o



~ -This concludes the Iesson on m3nohybr|d crosses . You should ask for — |

" the Monohybrid Crosses test. .You: should have some scrap paper

available to work out the problems. - Wnte your answers on a
separate sheet of paper -



Appen"d.ik, c
Mopohybrid Crbs_ses Test

e R



. 2 S J.‘v B Ty ,
. ;z.a A T : . - f
. ¢
Monohybnd sCrosses 'f’fe,s
.:,,- _‘&"v‘ R .!1, s

— “Write your answers on a scparaee sheet of pa.peg Ré TR
the answer shcef ‘ )

ar

2
t

1) In garden peas, a green pod is the product of acd.bmmant allelezgmﬁ
product of a recessive allele. Which lctter best ﬁ!p.resent% the domiing

04

W

k]
LA

vowy»
< Q)

2)  When a pea plant with round peas was pollmated by?-” 38 :
all 36 of the offspring plants had round peas _What sy

A. peashape R X o
B. round ' ‘ P L _ T T T
C. wrinkled -‘ o |
D. peacolor : - : : - _

3) ‘Red color is dommant over white color in ﬂowers What is the genotype fora
- heterozygous ﬂower ?

A. Ww
"B. WW
C.'RR
D. Rr

4) “The purpose of meiogis is to

A. increase the §umber of cells
B. decrease the number of cells

C. form fout)m'ph}gfametes
D form 4 diploid g

) ' Gcncs are best deﬁned as

stmctures which occur in rutations

. structures which make up chromosomes
structures which contain the chromosome
. structures which contain cells

Upw?
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Ifa gumea pig hotnozygous for lo;xg hair (doiriinant trait) is'_mat—ed with a’ short hair |
_ guinea pig, what will the offspring 'ph‘ghotype be ? - : '

. A. medium hair length

B. long hair length
C.LL
‘D. LI

A certain couple with a child that has a hcredltarydxsease have been told by their
medical geneticist that any other child they bear will have a 1 in 4 chance of being
affected with the same disease. This means that if they have: ' v E

e

" A. 4 more chil,’drcn,"only the last one will be abndrmal

_®

L9y

) R
PR

B. 3 more children, all are likely to be.abnormal =~
C. 1 more child, it has a 25% chance of being abnormal

- D. 1 more child, it has a 75% of being abnormal. —

In humans, the normal bigincntation of the skin is due to a dominant gene N,.'and
albinism (no skin, hair or eye color) is due to a recessive gene n.” A normal woman-
married an albino man. Their first child was an albino.. What was the genotype of

the mother?

“A.n

B. NN
C. Nn™ .
D, fin

“A. his]hcrmo&ner
'B. his/her father . -

. C. each of his/her parents " &
- D. mutation: , : B L s _

- 10)
’ coated male. What percentage of offspring will have smooth coats ?

Ingmn’qa pigs the allele fora rough coét is dominant -over the allele fot a smooth
coat. A rough coat female (who's mother had a smooth coat) is mated with a smooth

“B.S0%. . - D
C.75% L

D. 100%

e

Fot a child to inherit a recessive genetic disease he/she must inherit the harmful gene |
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Student Questionnaire
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SA AU DSD
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L

r' ". Student Questtonnatre

Thrs scale has been prepared so that you ‘can indicate how you feel about the
materials and the method of presentation used in this class today. Please circle the
letters on. the left indicating how you feel about each statement. (SA strongly agree, A
agree, U undecrded D dlsagree. SD strongly dlsagree)

- SA A | U. D SD I 1. 1 preter_learning in't_he traditional_‘classroom.- '
SA AUDSD - 2. This p’rog'rarn helped to clarify some of the
- ’ -~ . 7, conceptsin genettcs that confused me.

SA AUD sb < N Teachers can not,bereplaced by machrnes

"SA AU D SD 4. 1 understood this material before the review.

SA-AU D SD - = ’ 5 ) { ‘would rather learn this material from a
: - _ ‘person. - - :

SA AU D_SD ' 6. | like to have control over my learning.

SA AU DSD - 7. More toplcs should be taught by computer. -

SA AU D SD ’ 8. | need more time than my classmates to

- o understand genetrcs B : _

SA AU D SD | © . 9. lwoud ‘prefer doing this type of review on the .
- ' ’ ’ computer »

SA : A U D SD - 10- Understandrng the process of meiosis is

. important when learmng about genetlcs

11. | find @enetrcs to be a drfﬁcult sub;ect

SA A U D sh - @ , 12. Cornputers can help people learn
~SA AU DSD . ¢ 13. There is a relationship between meiosis and
L ' gensetics. ‘
SA AU D SD » ~14. This mgtenal was easy to understand. »
_SA AU D SD . 15. People should be allowed to leam at thetbown |
. . | | \ W‘ - . ‘
" SA AU D SD . 16. I'would prefer doing this ype. of review from a
- ' : : set of handouts ‘
SA AU D SD 17. There is a relatlonship between meiosis and

Punnett Squares

&
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Please answer the followmg questlons B IR R
'_1) Dld you enjoy workmg wnh this program" (Yes or no) Why or why not?
What dld you like or. dnshke be specmc . e T -

» - : o : - : L

b

- 2) In what way or ways if any, did you feel’:this‘ program helped you ‘learn genetics? .

3) Do you feel this program pmpomted any dufﬁcultleﬁt genetlcs of which you were-'

‘unaware? (Yes orno)____ if you answer yes. be spggific in descnbing such
difficulties. ' : ' S@ <

. N . .
S ‘ . ’ o o ) @
8. - ' A
w .
4) Have you’ had any' oomputer expenence')(Yes or nb) If you answer yes. T

descnbe how often you have used the computer and for what purpose : @

-
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,Student (‘fomments . ‘Open Ended Ques_tions '.
7

1) Dld you enjoy’ workmg wnth this program" (Yes or ﬁb) ' Why or -
- why not? What dld you hke or dlshke - be specxfic - :

e Responses from Mlcrocomputer Group
< _
A yes response was obtamed from 29 of these students 'I'helr comments were as follows:

.49

’ It was.a good rev1ew Its more efﬁcxent than studymg from books and less work too. _

" It was more mteresung (and entertammg) then worksheets etc. You tend not to let your
,mmd wonder off as much as usual. :

/Because there is somethmg abont sitting in f.ront of a computer and you readmg mstead
of someone readmg itto you it's smphﬁed : _ :

| »' It was a change from my regular study or classwork.

Youcan work at your own speed Easy to understand.

P

It helped me refresh my memory of this parucular unit. I liked it also because it gave
me a qmz attheend to let me know how much I really knew about what I just read.

1 enJoyed worlcmg on the computer, although I found the concept map ummportant
' ‘The dlagrams wnh the text helped thh the understandmg of the materlal

It was mce to Just sit down and just have to push one button to go through alot of
review, sometimes it can get fmstraung when you have to, constantly ﬂlp through
papers 10 review. _ .

! enjoyed the change and the ability to work at my own speed thus enabhng me to more
: clearly understand the matenal athand. -

“You have the opportunity to change your answers and you don t feel as much pressure, -

. umc wise. etc. :
1 hked the way it was presented. ‘ _
It gave me adlfferent perspecuve on ways that certain subjects czl.n bc taught in the ’
school syste. - . S P .
| Becauseltwasfaster andeasler o R %i‘?«,ﬂ

Liked the speed at which you« can take mformauon in co%ared to teachmg by peopl%

Because I got to do 1t ona computer and it was fun andinterestmg ‘

I enJoyed bemg able to work at my own pace v I o‘ e on one strategy and bemg able L

~ to correct my own mrstakes

X,
€



L ~
. Its a new way to rev1ew It wouldbemceto be able o ask quesuons abOut what yon" -
got wrong o e v

'Because Idon't have to write it out. I hked the dlagrams
It was easier 10 understand I hked working wnh computers

o I hked the program because the learmng rate was basic and the review was sunple The
test was easy. Disliked not bemg able to clanfy a pomt cant aska computer..

1 think the program was goodtdea because it gavemethe chancetorevxew and learn at
: myownpace. ‘¢ v

- Tliked the fact that I was more in control of what I was doxng I also hked it because it
~ was new and different from havmg worksheets It kept my attention more thana *  ©
o worksheet. : : ' '
It was mteresttng worlung on the program
' It ‘was okay, but I would hke to be able to ask questmns, such as about melosm

Ttwasa very clear and a good nev1ew Some concepts were- unclear such as phases of
meiosis graphlcs section.. o . : 0.

~ Idon't usually enjoy computers but th1s was kind of neat If only you could go back
: and redo those tests I would leam more. , _ ' 4
..y The three students who responded no gave the lelowmg comments
S 1It's too logmal A teacher can explmn tlungs with more sense for me.

-1 enjoyed workmg with the progxam but ﬁnd workmg wath computers dxfﬁcult. I have
trouble if I .can't learn somethmg by myself through takmg nom or other methods ‘

: ‘I'much prefer havxng all the information in front of me and easxly avmlable rather than
~ chopped up frame by frame. 1find cotnputers mteresung but hard to read off of and
‘ concentrate on for studying. - _
vResponsee from Handouts Group

B ‘One student was undectded. A yes responsc was obtamed from 26 of these students
o 'I‘hexr comments were as follows

. It was a good condensed rev1ew ‘of geneucs | o
- vquhkedthtsbecausethe matenal waseasytounderstandandver,yhelpﬁtl
o ,Some points clearer Goodrewew L

B ,Ienjoyedworhngmththeprogrambecauseltwasagoodchancetonevxewandto
_}attamabettercomprehensxonofthtsumt. L



128 -
-~ Ifind geneﬁcs very interesting No matter how Ilearn it I think I would still enjoyit. .
Itwasa really good review for genetics con51dermg ﬁna.ls are cormng |
.'I think it is much easier to leam by domg the work.
_ Fun bemg part of an expenmcnt.

: Itisalot eas1er to understand this review. The Blology 20 text book is written in
another language

MOre fun keeps interest for longer. SRR i B
ButI need more time to understand it | '

: FIt referred me back to mexos:s and monohybnd Crosses. It was an excellent way of
B revrewmg certain concepts that I'd forgotten _

I liked the idea of being able to keep the review sheets
It was very easy to understand. -
I liked it because it made 1t easier to. understand.
| Because it will help me thh my upcommg exams o o
I enjoyed working at my own speed and. not bemg pushed along o
Tt helped clarify stuff. |
It helpedime study for my final. - o B ‘ D
The material was easy to understand. ' o

@

Itwasa good review of genetics. Ididn't like to draw the concept maps though
v because I would have hked to pick my own concepts to draw

1 found it fun and itwasa change from the usual blology class we havc
- Breaks the boredom of everyday class.

The three students who responded no gave the jollowmg comments |

It was too long, too much wrmng and readmg Also I dxdn't get to play around w1th _
-the oomputer' ‘

- Rather do my own review.

Enjoy isn't the word saw somethmg dxfferent



- 2) In what way or ways lf any, d:d you‘ feel thls program helped you Iearn
genetics? - :
Responses from. MlcrOcomputer Groug 5
Ithelpedmeremetﬂberwhatlhad:alreadyleamcd o ".' o BRI

I clanﬁed and gave mmdtate pra15c or correcuon for short quizzes. o
1 found tﬁ1$ very thorough T \msh more subjet:ts thad revxews or thxs type of program
Itgavesomegoodexamples ".' S DR :

Itiunktthelpedmeremembe'rwhatlhadaheady leamedbutldxdnotthmktttaughtme :
“anything 1 new. _ ‘ *

Tt was mmnlv a general rewew for me.

T

. The mformauon the program ptowded was good and easy to understand. _

.

- The graphics. Theprogmmdtdexplmnclearly Lo ; e

[

It didn't help me leam but it helped me review becauseI had already leamt it but Just
forgotten It.

It,helped me understand most of the deﬁmuons that 1 dldn't know before

3 pe helped becauselreadthemformanon and then was tes&d and couldseewhatldtd
- wrofig. , < :

S %

It helped by gmngmeaneasydn‘bctoutlme of wﬁatlhadtoleam The tests helped I
dldn'tfeelsopressumd. v _ N

It did re\new thmgs but I prefer rewewmg worksheets "
Showed me graphtcs of each phase from mterphase to felophase II

Clmﬁedmanypomts . T &,%
Ithelg)edmerevxcw Lo DA SR ,'u, i

5 L S ’i"'~ " ,‘ ‘ . n .1 .
Ithadsomegooddragrams S . e 4,;" 7

Ihaatheumetoreadttanddxdn'tgetpushed.hkelwouldmthe,classroom

The dmgramswerehelpful easytounderstand, clearedalotof areas up
Iwuhleammmyownspe& Madememoremdcpmdm ; 4 T

Ithelpedmetorewewandtoshowmemynnstakw Id:dnotdosowellonthe
reviewmgsolreallyknowlhavewsndownandsmdy Cai . :

ukedthechallengeofdomgmemonthecomputer asyoucouldnotgobacktotl& e
re\newmcheatandmecompuuergaveyouyomwae,ortheopnonwchange e

. L !
answers, ng%y _ s S R
R T !-&‘ R
4 ot ot e &
R T ) Lo R - L ' JIRI /
- Co : T % 4 I o



Responses from' 'Handouts Groug

°

f% I understand it better

Sope

5 ME";;
R ‘ .

More review. -

130

Ilearned a httle more on meiosis and Punnett squares It broughta better explanauon
without a lot of mdmg and. worksheets to do .

By rev1ew1ng what Id1dn t know..

I sdll got mlxed up w1th some of the deﬁmuons but everythmg else went okay

3 It tested you on what is 1mponant, quahty not quanuty, and told you what youdid

It helped me understand (qulckly) the basics of meiosis. |
I feel if I read over the matenal Iwilldo very well in my ﬁnal exam.

Just made some concepts clearer -

Itgavemea brief yet structured overv1ew of the unit and I was able to comprehend the
ynit easily. - .

It helped me understand the d1ffcrences between 51m11ar terms.

It went into detail about everythmg concermng geneucs that we learned.

| Rev1ewed. Made me feel that I.need to review qmte a lot.

By reviewing.

Itdidnt | o *

I alneady lmew this but it helped me understand it better. |

Helped in way of understandmg good review but not to start off w1th
Helped me to review the topic. ’

It was very basic so I did not mlss any thmg

I understand and remcmbered some terms I had forgotten

The language was specxﬁc and easy to comprehend |
Tt made clear formeona lot of definitions, phase, etc.

The way 1t was outlmed was clear and understandable

)



P o
" The waY1t was written. . | "'. ‘
- Took thc umc to go over 1t and made sure 1 undcrstood bcforc I movod onto another
area. -
It hclped-m thc sense of rcvxewmg a course subject for a final exam. It brought back
’ certain topux that were unportant in the subJect coursc v

3 Q‘ ) ' N
- Ican n realize more about what is what bocausc of parents ‘

,Rcvxewed. e SR | : -

g I could undcxstand it

D:d not hclp me lcarn but rcmembei' what,l leamed.

'\3) Do you feel this program pl fomtéd any dlfﬁcultla in genetlcs of B
‘which you were unaware? ( or no) _____ If you answer yes,’ be .
specific in descnbmg such dlfﬁcultw;.v ‘ : "

Responses from Mlcrocompti&r Group

" Atotal of 15Sudents gesponded no to this qucsupn

A ycs response was obtamed from 13,smden"""jf" Thctr commcnts were as follows
1 must study the dcﬁmtlons in gcncues

' Ihad difficulty with the relationship of terms. I'm still Iiulé fogey on
- _genes/chromosomcs a.nd their mlauonshlp R '

T have not put a lot of time into gcncucs, in fact I havc not sta:rted studymg gcncucs and
”Inowrealmcjusthowmuchtherelstoleam ,

- Alleles, -

The dlffcrence betwecn melosxs and m1tos1s, the stagm whtch occur durmg Pmphasc
' Anaphasc etc. : v

: Jnd:dn't quttc know what the meanmg of allcle was, or the dlffercnce bctwecn metos1s I o
and I : _ I

e

' The genetic oombmanon in cln'omosomes I had f&'gouen mformatlon mvolvmg thts N

v Icouldundasmndnmmbeeauscloanmadatmyownspeedandxtgavemedtenmel -
needcd. e o

’, But thc way it mught was too stmphsuc

~'Y"_Itshowedmﬂmldontknowthecxactwaydtatmctomsworkedandthatlwas E
L getungthestagesnnxedup . _ _ T >

l It showed me what was mstde of what.



In the areas of me1051s
Aftcr completmg the program, I found it easier to complctc thc map
Responses from Handouts Group '

A total of 15 students rcsponded no to this questxon Two studems made further
comments. _

I Just mamtmned thc same knowlodgc that was taught bcfore the review.

Tlungs I had problcms with befonc were cleamd up.

>A yes rcsponsc was obtained from 13 students ThCll' commcnts were as follows
I got mixed up betwecn dcfimuons and thxs can really help. ’
" Definitions.-, How thmgs workcd
Undctst_andmg mcxosm.»
I cannot rcally cxi:lain. ‘
Meiosis. |
Chromosomes and chromatids.
Madc thmgs much clearer

Tcan do Punnett squarcs eas1ly but I get confused by the vocabulary Tlus hclped, |

~ The Punnett square.
‘ Definitions.
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