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The m1crocomputer is used in courses for content 1nstruct10n in dlfferent
'forms such as for test readlng, slmulatlons, games,tutorlai dr111 and
practlce. While in the U.S. A 1t is known as computer asslstéd instruction
(CAI) in England and other countr1es 1t is known as computer asslsted
1earn1ng (CAL) In both cases the use of the m1crocomputer g1ves us the
0pportun1ty of 1nvolv1ng the 1earner act1ve1y in the 1earn1ng process.
Since its use 1s on an 1nd1v1duar bas1s, 1t can allow students to progress
at their own pace, thus hav1ng an 1mportant 1mp11cat10n for the g1fted
1earner as we11 as for the slow one. The advantages and dIsadvantages of

CAI are mentloned by Chambers and Sprecher (1980) ; Long term experiments

wh1ch requ1re expenslve equ1pment and matérials can be slmulated the use of

m1crocomputer enables remed1a1 educatlon, development of students' creat1ve

ab111t1es S0 changes are to be expected in the ciassroom 1earn1ng environ-

ment. As for the dlsadvantages of using CAI: Teachers and teachers' trainers
need to adapt to new methods of worklng They may not yét have the necessary
expertlse in uslng the m1crocomputer, a fact which may arouse fears and
antipathy The cost of the equ1pment the available software which mary times
is not adequate accord1ng to the content and the methodoiogy used. Bork

(1984) descr1bed severa1 factors wh1ch characterlze poor software such as the
1nadequate use of the 1nteract1ve and 1nd1v1dua’121ng capab111t1es of the
m1c10computer, use of mu1t1p1e ch01ce items as weak 1nteract1ve forms, text
presentatlon, and use of p1ctures and materials of little educatlonai

objective purposes. Spain (1985) explains that there are two methods of
preparing software The f1rst approach is this of the persons, who are very
f’w bt experts in the subJect matter area, and are able to desIgn instructional
software and to program 1t as well. The second approach 1s called top-down
programmlng technlque and is characterized by a team effort. Graef (1984)
spec1f1ed that while the mrcrocomputer may be used in ex1st1ng used currlcuium,
in ordcr to 1mprove problem solv1ng and loglcal th1nk1ng, if to name several
h1gh cogn1t1ve SklllS, unfortunately, the computer is mostly used for mastery
of facts by dr111 and practlce type software. Followlng the above assumptlons
growth curve of Mlcroorganlsms" which was 1ntegrated into a modular course . of
an existing curr1cu1um for 10th grade, called "The M1croorgan15ms and Man"

(Huppert 1982) (See Flow Chart 1).
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ThlS paper w111 descrlbe
1) The sequence of the deveiopmental steps of the software program for h1gh

school. 2) A short descrlptlon of the program "The growth curve of micro-
organlsms" 3) A short descr1pt10n of the implementation of this software

program in 10th grade hIgh school biology, and classrcom management problems.

These three parts w111 be presented based on the experience acqu1red durlng
the deveiopment as well us during the implementation process in several
high school classes.

1. The sequence of the developmental steps of a software program for high

school

a) 1he baslc assumptlons

One way of u51ng the m1crocomputer in the c1assroom is to develop short
software programs which can be 1ntegrated into an ex1st1ng currlculum
This approach; which is known as Computer Assisted Learning (CAL), can

be efficient if it is based on the foIIOW1ng criteria:

- The ﬁaéiés which are chosen shou1d be of such a nature that they e1ther
cannot be taught without a m1crocomputer or if they were to be taught by
another 1nstruct10na1 approach they would be presented with many gaps.
(For example long term experiments, the need of expensive 1aboratory
equ1pment, etc: )

1earn1ng unit in add1t10n to serv1ng as part of an ex15t1ng course:

- The program should be structured in a way that either 1nd1v1duals or
smait groups of students can study it. In this way two 1mportant
1nstruct10na1 strategles can be used: (1) the individual 1earn1ng approach
and (2) the cooperat1ve 1earn1ng approach Both empha512e affective and
soc1a1 aspects of the learnlng process.

- The program shouid InItIate various 1earn1ng activities such as paper

work, performlng addi tional experlments; etc.

b) Deveiop;gg acsoftware programﬁﬁuagteamgtask

deveiopers should consist of local teachers wh1ch show the follow1ng

characteristics



- Broad knowledge of the subject-matter.
- Teachlng experlenca whlch 1ncludes awareness of students' and 1oca1 needs.

- Ba51c awareness of the computer, 1nclud1ng basic knowledge in programmrng.
as well as awareness of the advantages and dlaadvantages cf a m1crocomputer
in relatlon to the cogn1t1ve, affective and social aspects of the classroom

1earn1ng process.

How the team works?
The developlng team worked in the followlng pattern.

- Identrfrcatron of the toplc to be developed

- Formlng of sub- groups for dea11ng with the d1fferent parts of the program,
i.e. 1ntroduct10n, core unit, extentlon act1v1t1es, teéts, etc.

- Affer conc1ud1ng the above steps, the formation of sub- groups which meet
together and each group reported on the whole team. Discussions and
Suggestlons followed

- The framework of the proglam was suggested

handed to the programmer who prepared the f1rst draft of the software.

- The firs* edition of the program was subm1tted to the téam for dlscuséion,
changes, ed1t1ng, rev151ng, etc. This stage was répeated several times.

All the steps described above are presented in Flow Chart 2.

2. A,descr4ptrongo£,tne Software "The gg_wth curve of theaMlsroorganlsms"

A 51nu]atlon 7 ,
The bivi~ay of Mlcroorgan1sms is one of the 1mportant sub]ects taught

A Junlor college and h1gh school level. 7 Whlle the cell structures

and phy51ology of m1croorgan1sms can be stud1ed in the regular course,
51tes of the classroom and laboratory work some other aspects cannot be
always taught becauae of dlfferent reasons. One of the aspects neglected
is the issue of the "Growth Curve", since its' study requlres several

long term laboratory se551ons, mater1als and equ1pment which is not always
ava11able. The study of this t“plc is 1mportant since it enables
students to 1nvest1gate the nature of the growth process of m1croorgan15ms

and aiso to study about the 1mpact of various env1ronmenta1 varlables




DEVELEPIDG &

STF TUARE PRUE

BREWR=

IDENTIFICATION
OF THE TOPIC

DEFINITION OF THE |
FRAME WORK

Gl R Vi 7! ii E H P’ {— )

INTRGDUCTION

SUB-CROUPS-

GROL IS

TESTS

BAH = A TEAR

CORE URNIT

GROUP REPORTS

FIRST DRAFT

PROGRAMHMING

NT

RODU

C

10N

- | TESTS

EORE UNI

SECOND DRAFT
PROGRAMMING




Our goai was to use the m1crocomputer for experlment 51mulat1on> as a tool
for overcomlng the shortage of time, material and equ1pment and to use it
in the same time for high cognitive level activities in the 1nstruct10nal
process Slmulatlng experlments requ1res students to exhibit spec1f1c
skllls such as skliis of decision making and proolem solv1ng

The modular course 1nc1uded classroom 1nstruct10n in wh1ch students rearned

11fe processes and other related facts The students became acquaInted with
the def1n1t10n of populatron, generatIon time, lag phase and eéxponent.al
phace of the growth of m1croorgan15ms

in laboratory work students examlned yeast cells under a 11ght m1croscope,
studylng the1r reproductlon and budd1ng process and learnt how to count
cells with a haemocytometer. Students learnt also how to d11ute yeast cell

culture and how to calculate the actual cell number in the sample

nutrlent cond1t10ns etc on the growth curve in a very rhort way 7

The m1crocomputer 51mulat10n was 1ntegrated into the sequence of the learn1ng
activities in the classroom and laboratory, which were performed at the
students' own pace:

The followlng steps were stud1ed in the computer simulations:
a) students were requ1red to feed data 1nto the computer related to the
1n1t1al conditions of the yeast cells growth The data 1ncluded different
tcmperatures, different nutrient concentratlon and different initial number
of cells of the culture. 7 7 )

b) students counted the number of cells as they weré éxﬁéééa on the screen
in a frame of a simulated haemocytometer under various growth conditions as

were explalned in the worksheet and helped the students to 1nterpret the

graph results.



In the foiiow1ng step students were requlred to count the initial
yeast cells sample aga1n, wh1ch was kept at a constant temperature
The students had to deflne (w1th the use of the graph obtained

ear11er) the growth phase of the or1g1na1 yeast culture

requ1red to app]y the g“owth curve pattern to other populatlons and

to hypotheslze the impact of external factors on a popu1at10n growth
curve: Then the hypotheses suggested in the above step served for
c1assroom dJscuSSIOn.

The CALU 1nc1uded a self-assessment test with twelve mu1t1p1e ch01ce
questlons The fOllOWlng procedures were sequenced in the test: When
the students chose a wrong answer they were not able to try for another
answer or to pursue a new questlon. Instead, they were g1ven remedial
1nstruct10n for the partlcular knowiedge regard1ng the questlcn.
Followlng thls re1terat10n the program allowed them to continue and to
try to answer aga1n. If after thls second attempt they succeeded to
select the correct answer the progran allowed them to pursue the
follow1ng questlon. In case of a mistake at the second attempt the
student was asked to consul* the teacher.

The Implementatlon Erocesssot theACALmErogram in the Classrocm

Three factors should be considered in relation with the implementation

process-
1) The classroom settlgg+,The 1aboratory classroom sett1ng was made

su1tab1e for 1nd1v1dua112ed or smail group 1earn1ng The computers were

SItuated in d1fferent corners of the laboratory and so was the necessary

equrpment No spec1a1 1essons were used to work on the simulation )
program and therefore it was studies in a regular biology l1esson held

in the 1aboratory classroom. 7
2) Ihe student: The program ”Growth curve' was used as part of a modular

course ”Mlcroorganlsm and Man". This course was based on self-paced
student progress. The students worked on different assigniments at the
same t1me, progres 51ng at the1r own pace. The srmulatlon _program ' Growth
Curve” was 1ntegrated into the learnung process of the module as one of
the various assignments. Three Applc Ile m1crocomputers were available

in the 1aboratory and the students worked independently (or in small

groups) cn the simulation program.




The sel f- paced progress enabled the eff1c1ent use of the computer time.
In Flow Chart 3 students :elf-paced act1v1t1es are presented
3) The teacher: The seif-paced study of the s1mu1at10n program urged

certa1n changes in the teachers roile in the ciassroom The teacher was
now expected to be able to manage a more comp11cated 1earn1ng structure
and to be able to manage successfully the useé of a m1crocomputer The
teacher was act1ng mors as an advisor than ‘as a source of knowledge
Dur1ng the classroom dlscu551ons heid as a s summary of the simulation

program the teacher was act1ng as 4 motivator to heip the students to

gain an overall p1cture of the programs' concept - "The populatlon
growth curve". These activities are presented in Flow Chart 4.,
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