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LABORATORY INSTRUCTION

Let us the take issue relating to Laboratory instruction

Roger, Ryan = Schroeder (1974) in their study “Inquiry

and thne development of positive attitudes® concluded that

- students who interacted with concrete materials to

answer questions developed signiflcantly more positive

attitudes, This study also revealed that there is no

significant loss of attitudes when text~book reading

is mixed with materials~oriented Laboratory.

In a study "2n analysis of several instruments

measuring ®"Nature of Science® objectives® Doran, CGurerin



& Cavalieri (1974) in thelr study described the process

of Science as composed of following components s

A, Cbgervation which are selected, ;.nfluenced by
instrumentation and past experience, described and recor-

ded accurately, and sometimes unexpected,

B, Megsurement which has inherent error, and is a
method of quantitative expression,

Ce Classification which 15 an invention of man, dsed
for the organization of data and 1s based on observed

relation between varishles and hence has inherent weakness,

Experiement which is used to test hypotheses and
theories and to expose new arcas to emperical exploration
and used to the identification, manipulation, and control
of variables,

Comaunication which is a method of recording
sclientific infomation and adding it to the cumulative
*knowledge” and is an academic obligation., Which makes
scientific information available for independent confimation
and verification,

£) Prediction which 1s achieved by the utilization of
inductive loglc, deductive logic and multiplicity of technigues

and procedures.

g) Fomulation of hypotheges, theories, laws and models.

In another study Hofstein, Zvi and Samuel (1976) estab~
lished that 12th grade children had less positive attitude



towards laboratory work than thelr tenth & cleventh

grade counterparts. The sex and the science stream
variable did not affect the laboratory work, The factorial
analysls revealed that interest and attitudes towards
laboratory work in high school chemistry instruction is not
unldimensional as it has been assumed tc‘ be for sclence

interest and attitudes towards sclence and school lear<ning.

-Doran{1978) in another study concluded that recent
advances in measuring sclence processes include study of
actual student behaviour or p’igm rial representation, Apart
£rom psper pencil test, actual perfommance of the process
skills are tested, Investigators can begin to replicate and

cross validate the research accomplished so far.
In another study Melson(1979) asserted that 3=

(1) The .evaluative and potency factors of attitude towards
science class did impasove significantly as did the evaluative
factor of attitude towards schence laboratory.

(2) The activity factor of" attitude towards, sciefice class
as well. as the potency and activity factors of attitude towards
science lasboratory appeared to improve significantly, but the

" lack of predictive-ability on initial to final attitudes and
the lack of initlal attitude simllarly casts some doubt as to

the strength of this conclusion,

(3) ALl the factors of attitude towards schence teachers,
school and toplc of the material appear mot o have been
significantly affected. ‘



In yet another study welch, Kloffer; Aikenhead &
Robinson (1981) argued that every student outcome with respect
to inquiry in science education should have psychologlesl
consistency, be compatible with personal goals and have

ecological consistency: ™

In an important study éaaiel & Hofstein (1982) concluded
that practical Examinations have several drawbacks since the
assessment is based on'claarly defined cri;cérlaa Such exami~-
nations are not very useful, because thelir outcome will be
greatly influenced by peréb'ﬁal preferences” and the blasss of

the practical examiner,

The two authors found that by aijéing the Asgeasment schema
the assessment of 1’aboratory was greatly improved tboth in
precislon and objectivity.

(Detalls in Evaluation of Liaboratory)

' They disaggregated marks into five categories as under
a) Construction of the experimefital set up and other manipulative
skills (15%) -
b) Observation and measurement (25%)
¢) Ordering and organization of the work (10%)
d) Organization and Processing of the data {25%

e) Dravwing conclusions and critical discussion (25%)

In amother study Shymansky & Mathews (1974) concluded
that observational data on student behaviour in the class i’:oom

revealed significant differences between two groups of students



in several behaviour categries. Student under the none-
directive patfern of teaching showed a increasing tendency
towards _gelﬁacwalization in the sclence class room while
the dependent of the teacher structured student sppeared

to increaase,

* TAB test data revealed further a significant difference
in the student investlgative skills in fawur of the student
structured students with most draratic difference appearing in

the performance of low ranking student,

A study by Tobin & Caple (1982) concluded on the basis
of logical analysis and empirical studies that student
engagement rates are found to be closely related to his achieve~

ment in sclence.

In another study by Abraham (1982) three possible fommats
were investigated (a) verification laboratories (b) Guided
Enquiry laboratorles, (c) open/guided inguiry laboratories
using seversl techniques cof data analysis.¥ LPVI as an
exanple of a Q sort instrument which has proven useful in

examining the fomats of lazboratory tyves used by 3

~ Suggesting modifications -
~ In comparing trestments of a educational experiment
it can be useful especlally when used t© rationalise dlfference

identifiled by other measurcmenta.
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*1PVI stands for Laboratory Bogram variables inventory,
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- Valuzble in monitoring the development and implementa=

tion of new ingtructional mabterials,-

~ The effect of teacher education prbjects'. designed to
train teachers to use particular instructional strategles and

techniques,
« Operationally define constructs,’

9:1 fature Q sort can also be usea in conj uction with
other descript:We meaaures such as interaction analysis to see

¥

how Q sort can auguent these methods.

In a study Kozma (1982) fomié thét \students who tended 'to’
be more confoming were more satis;iied with ﬁhé stmictured
approach. The more motivated studeﬁts séened on the other hand
satisfied 1:33{ the ci‘:allenge presented to them in the less
structured spproach, These preferences did not, however, effect
either of the perfomance measure with all groups learning more

£from the more structured a@p’mach, e

‘The complex interaction among treatment, ability and
anxiety seem to suggest that both non-amcious leamers who lack

ability and @ble learners who are highly anxioug prefer structure,

The interpretation of this pattern is that without externsl
directiong the less asble, the les;s anxious student remain lost
and apathetic, vhile able anxious 1éarner ig losi:. )ix‘z x‘:‘ranti;::
shifss of attention and effort. Thls pattern doeshot affect
learning, however with all students learning better with hidh

structure treatment, -



In a study Rouse(1981) compiled a list of basic learning

objectives for a high school chemistry course,

1.

2.

3..

4.

5.

6.

7.

8.

9.

10.

The suggested baslc learning objectives are as follows.

The student will be able to s
Demonstrate an understanding of basic measurement

technlques,

Demonstrate the ability to record laboratory measurementg

utilizing metric units of measure,

Qonvert metric units to both English and other metric

units,.
Properly use basic laboratory equipment.

Explain and/or demonstrate the proper use of lsboratory

safety eciuignent.

Explain the meaning of the law of conservation of matter

and energys.

Demonstrate problem solving technlque necessary to solwve
problems relating to toplcs such as density, formula mass,
percent composition, stolchiometry, gas laws, molarity,
emperical formula and molecular formula.

Use significant figures and scientific notation when

recording measurements and perfoming calculations .

List the correct synbol and name for common elements
{including IA-VIIIA) and comronly used transition

elements) ,

Utilize the periodic table to locate elements and predict
their properties, atomi€ number, oxidation number, and



atomic mass,

11,
12,

13,

14,
i5.
16

17.

18’;

1%,

write correctly the chemical fomulas of commonly
encountered compounds and state thelr fost commonly

used names,

Write and balance simple chenical eguations,

)

Dafine termg such as émthannic, endothemic, mole,
atomic number, isotope, electron, pmton, neutron
period, | family, tonic compounéi, ion, covalent bond,
kinetic enerqgy, melting roint, boiling point,
equilibrium and calorie.

Lilst and describe the properties of each of the

states of matter,

‘Define acld and base according to Bxbnsted and

Lowry theoxv,

Use a pH scale to distinguish between an acld and

a base.

State the general chanical composition of househola
cheaicals such as. detergents. po:l.sons and commn

medicines,

Identify and glve a common example of each of the
basic types of organic compqunﬁs inciuding esters,
alcohols, ethers, aldehydesl, acids, amines and
hydro-carbonss '

List and explain the assets and liasbilities of the

different energy source options.
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20, Discugs the good and bod effects of the use of
/
x chemicals (i.e. medicines, cosmetics, food additives,

pesticides.).

Leepmard (1983) recomended thut bidlogy laborstory investil-
gation should employ extensivs use oI science processes,
concept development via systematic guestioning and increased
demands upon student use of discretionary resources, It is
suggested that if it is inmportant for studerts to develop
scientific inquiry skills, provisions must be made for
students to e -rnestly endage in these activities as opnosed
to only following directions ond answerling guestions, This
study contradicted past studies at the second-ry level indie-
cating little or no Jdifference in student performence betueen

the*BSCS and other bioiogy laborstory approaches,.

Kolodny ( 1983 ) claimed thats

(a) cuizzes helpad students unierstand what they were
trying to do in the laboratory by forcing thom to
read the manval and reinforeing the 1dcas present in

the manusle.

(b) Quizzes provide practice ‘calculations and helpad

relate them to the laborstory wvork,

(c) Quizzes were fun (in part because they were wellesly

specific.)

* BUCS stands for Biologleal Sci-neces Curriculum study,
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(d) Lulzzes were comprechensible ond easy to use.

In his c0fpréhensive study Lash (1977) argued

that in order to assess the importance of the factors
involved in the anolysis of the learning environment of

& science Saboratory, thers is a simllarity betweenl976
and 1820 in forcesg pressing for change in higher education
both in instruction and oéganizntional structure (2) The
concept of learning environments and the development of
envirommental psycholoyy have been both increasing in
importance, (3) A paradigm is needed in order to accum.a-
late end minimize random results in educational resesrch
concerned with instruction., (4) Laboratory instruction
has maintained its historical purpo:e and is still deterw

mined to be essential,

(%) Instruction in the und-:v->raduate Laboratory is

chonging towards & more individualized «nd personalized

5ty Ce

(6) “The discipline of science currently exhibits

shifts in its traditional paradigm.

Pursuing the same issues Lee (1977) Qesserted thats
a) A substanti-l percentege of colleage freshmen need
to be trainced ot an abstract level of thought before they
c-n handle the rigour of the moleclar abstraction and
chenical sphostication of molern college level seience

COUTrSeSs
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b) College students coc-n be trained to function at an
abstract level of thought through instructor directed
inquiry centred learning «nd lzboratory manipulation of
surrogate concrete concepts leading upto abstract concep-

tualizations,

c) Students need to understand how ideas and theories

are derived from concrete observation and experiments.

a) The laboratory is an essential part of any science
course,
e) There needs to be a conceptual coordination between

the lectures and laboratory sectlons of any science course,

£) Concepts should f£irst be introduced at the concrete
level in the laboratory and afterwards developed at abstract

level in the lecture,

g) The scientific method in conceptual model building

should be illustrated in the science classroom with a N
balance between the use of inductive reasoning in develop-
ing ideas and theories and deductive reasoning in applying

ideas & theories,.

Taylor (1978) argues that ranking form and labora-
tory function for both can be used to assess the percep-
tions of dudents laboratory teachers, ‘and foculty members
about ¢he functions of laboratory work in introductory course

in college bidlogy. The results of this study also suggested
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several ways in wh'ch the instuments might be revised to

make them more useful.

Mark (1979} in his study concludes that large
Aifferences between students in the proto«type laborae
tory compared with stulente in the standard laboratory
of the same course, Students in the proto=-type labora-
tory could perform basic skills more flexibly &nd more
reliably. They can also give yerbal descriptions clearly
sﬁperior; They are more successful in solving problems
requiring flexible understonding of their experiments and

are better able to summarize the eossential ideas of their

experiments.

Students in the proto-type laboratory state that
they learned more useful skills and they understood better
the experiments done by them, They aiso claimed that they
enjoyed the laboratory more and considered the time they
spent in the laboratory to have been more worthwhile,
Finally the attitudes of teaching Assistonts =bout the
laboratory are much more positive in the proto-type labo=-

ratory than in the stondard laboratorys

Acccrdingﬁ%bger (1980) properly desirmed indepan=
dant study materials can allow home study students to
learn lzboratory based high school chemistry independent
of the school settinas as effectively as. self paced clasg-

room students with respect to their knowledge of chemistry
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and 1abo;atory skill development while exhibiting rela-
tively positive attitudes towards chemistrys The sequence
and integration of indeperdent study instructienai materials
in chemlistry contribute substantially to home study students

achievement in three domains of learning.

In a recent study Isom (1984) concluded that pre-
laboratofy preparation period incrcecased the academic perfor-
mance of students taking introductory chemistry laboratory
course at Aurburn University and serves as a viable altere

native to the traditional pre-laboratory lecture format,

David (1984) has taken the view that, within the
limits of his study and bounded by the sample studied,
laboratory does not contribute significantly to student

achievement in the cognitive domain of the lecture section,,

Dodge (1983) in his study concluded that interaction
in the laboratory was not an accident but & complex soecial
encounter. In the study the inquiry process moved from an
examination of teacher role management patterns and finally
to teacher-student interact:ion, The study suggests that the
teacher role is a function of the tronsetion between myraid
of extfégsic and intrinsic factors and that the individual
instructors pefﬁeption of role not only influences the
leadership management patterns employd in the laboratory

but ultimately the amount and type of teacher - student
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interaction. The theoreticalfmadel of teacher~student
interaction developed in this study portrayé the dvnamic
encounter of teacher and student(s) within the ¢lassroom
settings. The study has implications for both improving
instruction and for teacher training, The interactive
model has implications for educatlional researchers interes-

ted in class room instruction.

Edward (1982) suggested that student perception of
the class room was more goal directed, more satysfying but
less competitive and democratic than their lzboratory pere
ceptions. Inquiry oriented activitigs vere perccived by
students, to be more cohesive but less satisfylng, less
organized, and less difficult than traditiogal activities,
Gender and differences in grade level caused little variae )

tion in student perceptions of thelr learning environment.,

Perceptions of learning environments by classes of
average and high ability students uvcre similar Classes vith low
ability students perceived their learning envircnments to be
more cohesive slower in psce, more goal directed, ond more
difficult than stivlents in clacres of average ability,.

St:-dents in clesses of low ablility perceived the learning
environment of the laboratory to be more difficult and wmore

diverse than that of the class rodme.

Howard (1983) found th-t post-laboratory tasks were

found to be more effective in influencing microbiology
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achievement than vere transfering tests, There was no
avidence of influence 65 college orientation On miCro=
biology laboratory achicvement. OStwdents having high
aptitude are better in microbiclogy laboratory than lower
aptitude students and students at hichor levels of cognitive
development achieved better than students at lower cognitive

levels,

Pilecik (1983) concluded that the historical tresi-
ment did help to improve student scores on the cognitive

reasures and pupul ivterest in biclogye.

(B) Processes of Science

Various researchers have made the following contrie

butions regarding processes of sclence:

The study by Tomera (1974) estsblished that lateral
positive transfer of the skills of observation and comparison
from one set of objects to another sot of objects ia possibkble,
The study has raised many other auestlions relating tp the

transferqabizity of various laboratory skills.

Tobin & Cepile (1982) in their study on integrated
science processes have concluled that"lest of Integrated Science
Processes” (TISP) is reliable and velid. Theyv have also
concluded thet the tect has direct applicability to class
ro-m based research 2nd evaluation of Instruction and leare

ning, The tect apart from having sound psychometeric gualities

is dlstinctive because it includes a scet of interlated
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cumulative objectives which reflect autonomous problem

501lving,.

Berger (1982) concluded that time of estimation
apéears to be a measure with sufficient variation and
individual student stability appears to be appropriate as
criterion to measure skill in estimating, It can be argued
that time to estimation is not good criterion of the process
of estimation, We believe that given the high accuracy of
estimates after the first few estimates at each le&el; time of

estimation; coupled with equ:l accuracy is a fair criterion,

padilla, Okey & Shaw (1983) in their study concluded
that science process skill ability is strongly associated
with logical thinking and is therefore, a candidate as a
factor that has a direct influence on it. The study has
raised many new gquestions about the process sk;lllabilitiéﬁ
will have an influence on logical thinkipg. It is also
possible that logical thinking influences process ékills.

If alternations in either type of ability has an influence

on the oiher,

Finley (1982) concluied that observation classifica=-
tion, hypotheses, and inferences that are made; the order in
which they are made, and how well they are done are like%y

to depend upon the conceptual knowledge of the individual,

In another study Finley (1983) concluded that science is
conéeptually driven and is consistent with the logical empiri-

cist view of science as hypothetical deductive rather than
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inductive. It further argued that;science is most rational
as a deductive process of confirmatioﬁ; The core of this
view is that scientists formulate tentative hypothesis
based on their conceptual knoéiedge early in an investigaw
tions The hypothesis determines what data will be collec%éd
and how reseerch will be conducted., It is thus the founda-
tion for the ideal deductive argument (a2 modustolens argu- '
ment) an an ideal explanation (a deductive nomological
explanation), Conceptual knowledge is clearly cssential

in guiding all scientific enquiry. Some other implications
were that conceptual knovledge drives the science processes
and does not resvit from thejpSecond, sclence processes are
context bound,  Third, the relationghip between the content

an? process must be better understood,

A study by Haukoos & Penick (1983) concluded thats

a) Class room climate does influence the learning of
science processes, (b) sufficient time would apnear to be
needed to learn science processes (c) students may loose their
krowledge of science processes 1f they are not continually

emphasized through use during instruction.

Stevens (1975) in her study concluded thats

a) There is a total gain score for all sub-groups
b) There is a gain scores on the process skills of

infering, measuring an? experimenting for all suvb-groups

c) There is a total gain score between hicher ability

level and lower ability levele.
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4d) There are gain scores on process skills of cbser-
ving, comparing infering, measuring, quantifying and exper-
imenting in 2 comperison of groups of higher ability level

and lower ability level,

Dauvson (1975} in his study concluded that differen-

. s 2

ces in critical thinking ebi ities or knovwlcdge of the
processes of science betwson guided decision making and
convantionsl direction following were not significent.
There wes also no difference iu the final grades of the
lecture pcrtion of the covrse. In addition, thers was no
difference in classroom behavicur or the number of kinds of

questions the teachers asked,

~

Sallam Safia (1981) in his study concluded that
inquiry instruction as presented in the study 4id indeed
improve the attitude of pre-scrvice elementary teschers
towards science and should it be given kecping in view
the level it pertains to science teaching., Also the areas
of tlhe acquisition of the integreted science process skills,
formulating hypothesss, interpreting data ond composite
skilis(overall integrated science process skill) were

improved signifleontly.

4

Maukoos (1981} in his study concluded that science
process ccores for the discovery treatment were signific ntly
hicher than those for the non-discovery, Process SCOICS for

the non-discovery treatment went down, reflecting that
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stilents oy lose thicdr knowledie of science process if

they are nodt continually. ecphasized, thrwugh ure in instruction,
Discovery snd Pon=discovery clasg room ¢'imete treatments”

vore equally effective in teaching course content since

thare wos o gigalific-nt differcnce Detween treatment,

Brooks {1582) conclwled thet oo significont iffere
ences were fornd in levels of achicvement between rastery
srﬁ NIN=-MasTtery average-nr above average Stulomis, ATovew
averﬁg; mastery'ingﬁécte& subjcets sceorsd signifionntiy
higher than thelr non-mastery counter parts on an instrument
meaguring retention of low lovel ﬁzocess shills but average

tery instmcted gubjzcte did oot show any siginficont
difforonces in rotention from nons~aver ge none-mastery
subjectu, Botb'evera;cuﬁ? 1 above averago mastery instruce
ted subjects scored significontly highér than thelr none
negtery uauééexpartﬁ on on instrument measuring retention of
hi@ier level process giillo, mh%}» rastery instruction
may not be significantly vetter than non mastry instruction in

affccting chievercent gainsilwmon oquol ampunts of time cre

3

epent in poth godes of instruction. The mastery instro~tion

3

strategy con somatimeg produce & wore permansnt mastery
of secueontially orgonized metericls (hicher process skills)

then an eguivailent dtime non-mistery instructionnl strategy.

Ilgyas {1983) in bis ztuedy found thet teching of
seionce process skills to incervice secondary soicl teschers

enzbled them to coquire ascicnee process skill coupoetonoso,



60

select gclience process objeotives md process activities
significmtly beteor than untrainad teachers. Howover no
significont relationships were found to oxist dHotween
teachers egeaaminﬁe@q@sa/attituﬁes and Four deoendont

varishles,

o) Different stratesies of Loboratory Ingtructiong

Mow let us exanine the literature rogarding lifferont
stratejies of lagboratory instruction.

(1) Demonstrotion

In a étudy by driaujeju {1983) coancluded that higher
achievenont in concept acyuigition snd problss solving skills
undler self paced ingtruction indicakas that tho techonl e can be
profitably ussd to tecch the arcas of chemistry s -leceed for the
expariment. Success undar self pacad wis most likely a cungce
ceence of greater dogree of personal involvement londing &
better ant greater depth ¢f unlerstending in the lcecaming
orocess wo King individually through tho self paced matoriagis
required the studonts to rely on feed back =mnd puy attention €O
ovory step 0f the worke The swidents prograss was not Limited
L - that of a weakar student. The ovnr-all effect of the
approach vag therefores the aomulsivion of greatar knouledge of
chemical €oots aﬁﬁ\tae boettar ebililty €0 apply them in  problen

solving situationse

The teoarther demonstraticn mebthod on the other hand,
appasrred to have lowered gtulent azhievenent through teachole
managemens and the more or loss pascive role of stuiont during

the prescntation of lessone
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Seasley (1982) has indicated that only nine of the tuenty
Four teachers in  this study wore observed using classg
demonzatration matucds, Yowaver the significant agpscts of
thegse classrocms were the increased levols of puplleatrention
and tashk invslvenment during demonstration losson sogmentSs
gxpository methods vore nuch more common, but in the eyes of

the pupil trechers perform best vhen they wgw are conaducting

{

the clagsrosm denonstrstion.

AleFaleh C1931) in his study concluded that small grmﬁéﬁ
experimzatation group exhibited significantly greater chemistyry
achievement than the lecture-~demounstration group, on both
iomediate and delayed tests. The reszults also indi:gted shat
the students in the gnall group experimentation group poSsos
ssed nore deslrsble attitudes touards sclonze than those in the
lecturcedemonstration groups A nonegignificent correl.tion
coefficlent betwoen the immediate chemistry achisvement snd
immediate attitudes ©oards soiconce suggested that no relatione
ship existed ketveen the twe desendent variables for the
lecture~3em nstration jroup. The results cobtained algo indiceted
that there were ne rzlaticnship beotween the imaediate chemictry
achicvement and immcedlate attitudes tovards science for stulents

in the small group experimentation group.

Iouwerse (1982) in his stuly concluded that given the s:me
conditiona, thore is a plase Cor both individual student laborow
tory esperiments andfor texcher Jemcnstrations of experiments

in sccondery schsol sclence instruction.
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ii) Bxperiments (Individual/groun)

Lowell & Lawercnce (1975) in thelr study concluded
that use of small group enhaonces successful task completion.
It also might provide an advanteoge 4o stulents working first
indivicdually, then in groups comparad to those who work only

in groupse.

To design and carry out an cxperiment is a complex
cognitive undertaking. There are a varlety of conceptual
schemes that break this complexilty into a set of discrete
skills, the knoun being the AAAs* objective (1965), The
difficulty with this is that it is specific to science, that
is the relationship to problem golving skills in othker domains
is not explicit. Conseguently training students in the mastery
of this set of skills reduces in:er subject integration and
minimises opportunities forvreinforcement of experimental

problen solving in other disciplines.

In the present study the domain of experimental problaem
solving was organized in terms of a chronological account of
what successful scientists do when designing an exseriment .
The labels used for the skills were of gufficient generality
to be applicable in other subjects and in other types of
problem s.lving such as covrelational anslysis, comparative -

thinking and decisilon makindg.

'

* 2AAS stands for Aamerican Association for aAdvencement of

Science,
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1e Develop a focus for the investigation (in science this

skill is typically lzbelled formulate an hypothesis),

2. Establish a frame work for the investigation (in science

this skill is called design the data collection}.

3. Record the data.

4 Judge the adequacy of the datae

S Observe relationships in the datae

6. Draw conclusions.

7. Bxtrapolate the conclusions (in science this skill

is usually called generalization).

within this set the skills of developing a focus and
establishing\a frame work were selected for special attention
in the deéign of instruction, These skills were selected
pecause they are chronologically prior to subseguent procedures
and because there is anecdotal evidence that they are even
less likely to be teught than the other skills in tne set of
the two skills the most important is establishing a frame
work., It is in the context of this skill controlling wvariables

/

is addressed:

The skills were operationally defined by constrate the
behaviour of mature problem solvers with the bshaviour of

mature problem solvers with the behavior of novices. The
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]

di fferences between novices and experts were decomposed into
a series of levels of intellectual performance (a growth
scheme) that could reasonably be expected of students in the
target population -~ in this study grade sixthe This iogical
analysis was suplemented with observations of studz=nts and
analysis of responses.to open ended test items. In this
conception of experimental problem solving, the lo.rer levels
oé performance are not so much incorrect as inadecuate,
Immature problem scolvers bhegin with operations th-t are part
of higher level performance but unlike experts, novices come

to premature closure,.

Grovth in experimental problemrsolviag involves modifie-
cation of cognitive behaviors up the hierarchies. The purpose
of instruction is to accelrate and exten‘é\natural development,
Without instruction it is assumed thap students would progress

o w179 B

very slowly and that many would ppgeEganl before the higher

levels have been reoached.

There is no assumption in +this conception of experie
mental problem sclving thot the levels of performance consgtitute
univgrsal invariant hierarchied- It is assumed that most
students will function at higher levels on problems using

familiar gpparatus and familiar science concepis.

Lynch (1978) in his study concludes that a strong

conviction among teachers and educators is that  practical



65

work should serve as an important means of facilitating
learning and understanding., However the results cast some
doubts on Whether the extensive use of practical work, as

it is at bresent confers any gspescial advantages in this
respect. The results reflect poor implementation of the
practical worke. An important consideration is that in south
Afriéan and indeed throughout the third world, cost effectivew

ness can not b2 ignored.

iii) Inguiry:

Rachelson (1977) in his study concludes that students
are most often presented hypothefﬁs and are not encouraged to
generate thzir own. Bducational outcomss are based too heavily
upon the logical, observable and repeatable. Science Zducation
is placing too much émghasis on eguipping studeﬁts with the
technical skills to conduct ewperiments without providing
enough experiences which lead to creatlve hypothesis formulation.
In order to present wholistic view of scientific enquiry,
hynpothesis generation strategles derived f£rom the practice
of science must be included vwith equal emphasis into the

planning of science education expericnces for all students,.

Tamir (1983) claimed that there is a strong evidence in
favour of inquixy in science class rooms. He further suggested
tﬁat a reform in teather elucation programmes may'be the key
for more successful implementation of incuiry oriented science

teaching in schools.
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lele (1980) sh.own that ability of the teacher to ask
gquestions and to stimulate and facilitate creative and
critical thinking does not enable the student to perform
scientific ingiiry. The ability to scientifically inguire
is the personalized, internalized ability of an individual to
synthesize the knowledge which has buen obtained through the
learning of basic process skills and competencies that enables
a person to rationally inquire and sclve problems by means of

unrestrained indictive thinking.

The learning process must confront the student with
problems not mere statcments of fact, and there must be
appropriate and meaningful intellectual trans%tions going on
in class room or laboratory at whatever level of instruction is
appropriate and meaningful for easch individual student. It is
only through such a l:.arning process that any student will have

the desire to, and feel the challange to scientifically inquire,

Students in mo-e inquiry oriented science class rooms showed
higher critical thinking skills, vicwed science as more tentative,
and held more favourable attitudes towards the science teacher
and science class than dld students in physiccel science class

less inquiry oriented,

Sanford (1978) in his study concludes that teacher charac-
terstics appzared to be more significant determiners of the

extent of use .f inquiry strategies than were academic aptitude
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levels of classes.

sotti (1980) in his study concluded thats:

al The subjects regardless of teacher laboratory verbal
treatment, 4did not differ statistically in mean score per-
formance on understanding science as measured by Welch's
Science Process inventory or on scientific attitudes as

measured by Allinsons adaptation of the Allen - attituldes Scale.

b) The congruont treatment subjects earned significantly
higher mean scorcs in cognitive abilities, relative to the
understanding nd use of science processes as m=2asurcd by the
evaluation of individual science projects than did the incong-

ravant treatment subjectse

El-Nemr (1980) in his study concluded that a definite super=
iority in favour of the teaching of biology as inguiry over

the traditional arproach in helping students develop most of

the instructional outcom2s, Students taught by the inguiry

mode of instruction improved thelir science process skills,
scientific attitude, critical’thinking, schievement and
laboratory skills more than situdents taught biolegy by traditional
approachs. The development of process skill by inguiry teaching §

did not reduce mastery of content.

Omar (1981) in his study concluded that the interactive

3
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practice oriented inquiry instruction provided the experi-
mental group prepared teschers who stated a significé:zntly
greater preference for and than did the control group teachers.
The inguiry teaching performance of the trained teachers can
be predicéed from their preferance scores. Teachers dogmatism
(open or close mindedness) aé m2asured, was not significantly
related to either the teacher preference or use of ilngairy

teaching behaviour,

Sarmit (1982) in his study concluded that cducational
backeground was the only Efactor that affected the knowledge of
inquiry teaching of science instructors, Science instructors
who had a master's degree understood the knowladge of incuiry
teaching better than science instructors who had a bachelors
“egree., But the educational background did not effect the
science instructors use of inquiry bchoviourse It was also
found that there was no relationship between the knowledge of
inquiry teaching and the use of inquiry behaviours of science

instructors.

Johngtone (1930) in his study concluded that students
who score high in achievement tests and on operations tests
tend to earn higher grades in both ingquiry and non-inguiry
classes than children with low schievoment scores and opera-
tional test scorese. It also suggests that success in an
inquiry science class is based on combination of high achievee

ment scores and higher operational level.
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X ~ awodi (1984) in his study concludess that:

a) Teaching science as inquiry siginficantly enhences
Nigerian student achievement in science (b) The inquiry
method is more effective method 0f teaching science than the

traditional lecture-method,.

iv) Investigation & Problem Solving ) ,

Mavfield (1976) in his study concluded that not all of
~he students increased their participation. Isolates and
lower status group members in general were left out of the
group acti ity. This is one aspsct which may very well be as
important as the development of problem solving skills and
it is difficult to see how scocial development will occur if
some membeksﬂsubmissvely follow. The size of the group, the

nature of the task and the ways of selecting participants

each s=om potentially wvaluable aspects for further study.

In a g;oup £ the choice between t o different apeculative
explanations is likely also to be a choice between adherents
to the two notions even as in the adult world of s:iencze. The
achievement of rationality in problem solving group depends
upon the develoﬁment of interpersonal competence, deflned as
the individual level of awareness as to what is happening in

the group and what is he capable of doing about it.

when choosing to use small activities, teachers clearly

need to make themselves and thelr studints aware of the
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potentialities and pitfalls of working in groups. Tecachers
must be sensitive to the interpersual pressures inhcrent in
small group activity. The tcacher who wishes to maximlze the
success of am2ll group activities must be willing to exanine
carefully the group and their activities as well as to choosge

carefully activities appropriate for small group instructicn.

Shaw (1983) in his study concluded that students who had
the process oriented science curriculum scored significantly
higher on "objective Referenced Evaluation in Science" than
those students who teceived a sclence programme emphasizing
primarily content. It appzars that laboratory approach to
science alone is not sufficient to teach problem solving
skills. 7Tne teacher sho 1d develop a select curriculum that
has a strong and a constant emphasis on the processes involved
in problem solving., The results leave opzn the possibility
that the use of these problem solving skills mey transfer to
other academic areas or to non-acadcemic areas and make a
person a better problem solver throughout life. A teacher
should be confident of his/her students ability to use the
basic processes before they are expected to master the inte-

grated problem solving processes.

Raughbir (1979) in his study concludes that laboratory
investigative approach has been shown to be a successful
teaching methodology for high school science instruction.

3tudents have shown sifnificsntly higher gains for these
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-cognitive factors; formulating hypothesis, Making Assumptions,
designing and executing investigations, understaﬁding variables,
observing carefully, recording data, analyzing anq interpreting
results, and synthesising now knowledge and for attitude deve-
lopmené, curiougity. openess, resgoﬁéibility and satisfaction

compared with the lecture -~ laboratory approache

Students using the laboratory - inveistigative approach
acquired a greater understanding of science, greater informaéion
retention, and better ablility to think scientifically. A very
important aspect of this mathodology is that the gains the
students make in the affective domain seem to have a positive

effect on their achievement,

éeterson (1978) in his study concluded the following
findings about the nature of scientific inquiry zs performed

by high school students and about its effective instruction are

a) The value of focussed and specific training in scientific

inquiry as opposed to more general curriculum ds suggesteds

b) The value of concrete experience for some aspects of
scientific inquiry instructions was demonstrated, even for the
‘older and science successful stﬁdents of thig study. These
findings are contradictory to what the "meaningful verbal

learning® theories of musubel might predict.

c) The findings supporst a model of scientific inquiry

performance in which the various processes (e.g. observing,
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quastioning, and d-signing experiments) are not eguivalent
processes i.e. they did not responskequiValently to the same

training test performance, situation or instruction.

a) No gender differences were detected in the tralning
pProgresss
e) The training programmes were effective in improving

performance in a variety of inquiry skills,

John & Bugene (1981) in their study concluded that the
problem solving approach employed in the study seems to be an
effective means for improving the achievement of earth
"science students. It will increase test performance at the
knowlcdge, comprehension, applization and anslvsis levels.

In particular this strategy appears to hare greatest effect

on the application of subject matter. Problem sclving laborae
tory activities and teacher initiasted questions at the analysis
and application levels appear to be practical strategies to

implement an earth science programme,

William, Gordon and Lowery (1881) in their study concluded
that the tenth grade bilogy studeuts, if given the training and
the opportunity to exevcising discreation are capable of using
discreation to @eater extent and with greater regwards than is
presantly being alloed. Students in the study were found

to be able to learn on theilr own discreation for period 10-15

minutes at the begining of the school year and for at least
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three class periods so later in the school year. High szhool
biology students appear to be academically flexible, when
teacher expectations were increased students adjusted to
these expectations, 3Students also adjusted successfully to
seeking teacher help leas frequeatly and only at specific

times during laboratory investigations,

Ron (1984) in his study concluded that learning to make
scientific discoveries {(i.e. to solve problems) requires
congtruction of qualitative relationship among piece of a
system. Machine learning system such as BACON-S5 support this
assertion and show the importance of "expectation structureg
(eege symmetery) in reducing the time required For discovery

of scientifilc laws.

Science Rducation Research intolow human learn science
might be furthered by “Artificial“’learning rasearch such as
BACON programmes at carregis~Hellon Univecsity. The internal
programn=ss of such learning system can be’ modified and controlled
to a far greater degree thnan sesems possible with human intellegent
systemg. While it is recognised that human intellegent system
a-e not pure cognitive systems but are composed for emotional and
basic regulatory systems as well. It is not unreasonable to
look at BACON like machine system tO see whather they cion provide
igsights that might be valuable in our search to more about how

scientific problem solving is l=arncd,
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Tolm & Florence (1983) in theilr study has. concluded
that the problem solving e:éfect can be explained by
four principles derived from cognitive psychology. - First
the 'progra:;me provided practiwe in comporient operation
séc}; that processing could become more rapid and efficie-
ent. The promotion of automaticity in operations
reduced processing demands so that new operations could
_ be accommodated into more complex executive schemata.
Second, deficiencies of cognitive strategies were made
visible pruvﬁding stuéents‘with an incentive to modify
their mental operations, Third new operations were
invented by students or modeled I:;y tgad&ers w ﬁedress
the éeficiencies dlscovered, New operatiggs were
presented as additions to existing cognitive behaviours
rather than as replacements; The transition from one
level to amother occured as a smooth and natural
progression, Fourth the prograume attended to the
metacognitive aspects of growth in problem solving
| skilis‘banSking séudéﬁts coneious of thelr own cognitive
behaviour and by providing stﬁaenﬁs with labais'and

15pat1a1 representations for cogni"liive acts.
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Use of student groups (compared to individual work) resulted
in greatér student peer tutoring and greater perceived mutual -
concern ih the clagss room, The group work produced the
highest iﬁcidence appear tutoring and greatest increase in
number of correct problems when compafed o ‘individual and
combined individual group work SEttinga; Groupings provided
mezns of inleraction and discussion.'sharing of oppinicn
improved communication, and resulted in increased ianight into
scientific‘phenomena. Development of studentlleadership,
cooperation, communication of sense of belonging =nd respon=
sibality as a result of structured groupse . fncrease pser
tutoring and peer pressure within groups that helped to
motivate low achievers and decrease absentism and incomplete
assignments, The use of small groups at the college level
enhanced indepth understanding of the material studied and
development of skillé and attitudes such as critical thinking
and curiousicy. nhancement of motivation, positive attitudes
towards use of course materials, improvement of problem solving
skills, and increased depth of understanding by using smzll groups

methods with adults.

The wvalue of groups for developing attitudnal a gqualities,
motivational, social interaction skills, indepth understanding,
greater retention of information gained have been recognized by
the develep=rs of inquiry role approach programme and contributed
to the rationalé for the extensive use of the small groups in

the programmne.



75

Dorthoy and Robert (1983) in thtir study concluded
that it would be profitable for teachers to use supglemental,
less mathematical and more visual approaches wit g mathge
matics anxious students whs also are deficlent in proportional
reasoning ability or have low visual preference. Apparently
the combincd verbale-visual approach shown to be superior for
concept learning by Hollidar that makes the use of two compo=
nents of the memory structure (Ganghe & Wﬁites) is effective for
certain groups of students in learning to solve chemistry
problemss Certainly the factor=label method sﬁculd not be used
exclusively' for these type of students, because @ a high
percentagé of high school students are not formal operational
and becasuse éhese students proportional reasoning ability will
develop over time, these students may elect to take another
chemistry course at a later time if they are taught péoblem
solving in such a way that they experience success. This would mosi
likely increase the number of persons selected scientifically

related courses.

Tkponmwosa (1983} in his study had sought to provide
evidences in this investigation to sugéest that sclence teachers
can and should bring intractible social problems into science
¢classroom, With little creativity modification and adjustment
instructional activities in the science classroom c¢an be
brought to bear on otherwise difficult social problemg without

necessarily losing the sharp focus of the science curriculum

nor its objectives,.
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Dorthoy & Robert (1981) concluded that the number of
high school science courses ﬁhat preservice % elementary
teachers take a important in their preparation to teach
science. The number of high school science cou;ées students
take and success on the laboratory pfactical are related; I
students~are successful on the laboratory practical,they should
be able to plan and'carry out experiments in the classroom.
The teachers should posses all laboratory skills if they are

to teach science with hands on and enquiry orientations.

Lunefta & Tamir (1981) asserted that it was sppropriate in the
pursuit of certain goals to provide explicit instructions for
laboratory proce&upesm Detailed procedures may result in more
efficient learning. It is naive to assume that all important
inquiry and'prOblem solving skills can be developed simultan-
eously in a period or two. Selected inquiry skills can be
emphasized in specific laboratories for which those skills are

particularly appropriate,

The analysis of project physics & PSsSC* hand books
indicate that concerned teachers need to identify special
opportunitigs in laboratory activities to encourage students
to (a) Develop and wrestle’with alternate hypotheses and design
ways to test them (b) Follow their own procedures and imrprove

upon techniques based upon alalysis of this experience

* PSSt stands for Physical Science Study Curriculume.
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(c) Examine assumptions underlying the investigation and
elaborate limitations in measurement and sources of experie
mental error (d) Anply what they have learned to the solution
of the problem {e) Develop new questions based upon their .

experience.

In short ve must continually exasmine our goals for
laboratory instruction and work to see that our students are
developing skills and experlances and insights thot are as

consistant as possible with the important goalse.

Tavares & Tereno (1976) in his study concluded that
the course indepenident of the use of Advance organizars does
not increase the performance of the students in those out-

comes that are evaluated through the instruments used.

Tamminen (1976) in his study concluded that there were
no significant differences between the treatment and control
groups. The programmed supplement of the genceral chemistry
problems did not signiflcantly improve the problem solving
skills of the subjects. The observed effects were probably
due to inherent characterstics of the students, teachers and
the instructional methods involved in the study. The recult
of the study scem to indicate that all students do not respond
similarly to this kind of academic reinforcement., Therefore,
it is recommended that programmed instructional materials in
college chemistry be offered to nursing students on an optional

basis,.
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Pitt (1977) in nis study concluded that perfocrmance of
high school students wvas below that of college students by a
number of different measures. Younger subjects defined the
problem incompletely, made more errors in data acquisition
algorithms used hypothetic deductive reasoning less effectively
and tended to interpret data by simple pattern extraction
strategiess. Increased use of hypothetic deductive reasoning
was observed at all a e experience levels when planning CON S-

traints were imposed, .

Piagetian formal operational prereguisites of abilities
to contruct the combinatoral of all possibilities and to
isolate and manipulate one thing at a time, were troated as
algorithms. S>th algorithms involved processing of matrices
the matrix construction required for the coloured and coloure
less chemicals task was easier for all groups than the matrix

analysis required for gqualitative analysis task.

The deviations €rom linearity of processing and the
grouping of sub routines that were observad in the protocols
obtained were used to derive a reviscd model of problem solving
in the format of hierarchal network, which was composed of the
same sub-processes and sub-riutines as the initial line as

linear model.

sShaw (1972) has c:cncluded that the treatment groups
scored significantly higher on the problem solving skill portion

of the science and sccial studies instruments indicating that
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problem solving skills can be taught by the process oriented
séience curriculum and that these processes will transfer to
social gtudles content. No significant differences, were
found between the two groups on either instrument for the
basic processes with one exception. The treatment group
scored significantly higher than the control group for the
processes of classifying on the social studies instrument

but not on the science instrument. Bvidence was found to
surport the heirarchy model of process skills, strongly sugge-
sting that mastery of the basic skills is pre-requisite to

proficiency in the problem solving skills,

Mele (19?83 in his siudy concluded that the experimental
group using Kaplan problem solving curriculum scored signie
ficantly higher than the control group on the post test on
plagetian concrete farmaﬂ,operational thought abstract reasoning,
ob jective~subjective differential reasoning and critical

thinking.

The study also concluded that additional research appears
+0o be needed (a) to d-temine what experiences other than
problem solving might facilitate entry into fidrmal operation
stafe of thought (b) to determine whether piagetian stages
represent a valid model for describing the intellectual process
of post adolescent students (@) to investigate the relationship
between problem solving and specific formal operational character-

istics (d) to determine whether positive relationship existed
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between the learnin- of biological concepts and the improvement
of concrete formal operational thought, abstract reasoning,
objective-subjective differential reasoning and critical
thinking (e) to detemine some of the needs and problems
specific to post adolescence in the area of piagetian concrete -

formal operational instruction.

Russel (1979) in his study concluded that an instructional
programme using a problem solving approach will increase ove?
all achievement'at the application and knowledge levels, Such
an approach shald include written problem solving activities
and teacher directed classroom questions that emphasize appli-

cation of knowledge.,

Nurrenbern (1980) in his study concluded that.-

a) The limiting regant problems presented in the interview
proved to be very difficult for students at both levels of

intellectual development.
~

b) Many studen :s missed the questions preceding the problems.
This result enhances the possibality that the difficulty of the
problem resulted from insufficient chemical knowledge rather

than lack of necessary cognitive skillls,

c) Concrete and f.:rmal operational students performed
differently in the arcas of "reading/organizing® and “evaluation®”,
Formal operationai students appecared to make lists, restaté the
problem, cheek solutions and change approach more often than

concrete operational students,
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d) Concrete and formal operational students did not exhibit
any significant differences in the use’oﬁ reasoning productive
non-reasoning, and recall technicues. Reasoning techniques
were not used very bfteg in the student solutions to ﬁhe

problemse.

e) Concrete and formal operational students committed many
errors that were related to knowledge of chemistry content
materials, There were no significant differences between

groups in the commission of these errors.

£)  Concrete and formal operational students did not exhibit
any signifiqant differences in the strategles used to solve the
stoichiometeric problems., Both groups exhibited the strategy
of forcing the problem infommation into scme previously memorized
from or/ relationship despite any inappropriateness of the form
or ralationship. In the few instances when there was evidence
of reasoning, the behaviour was exhibited by formal operational

studentss

g) Gonecrete and formal operational students exhibited.little
knowledge o the relatioﬁéhip between the real world/and the

material they studied in the classroome

£
i~

2Akinmade (1982) in his s@udy concluded that manipulative

science and student centereﬂ science 1nstruction shouId be
encouragsed in Junior hlgh science classroum in order to stimulate

the development of posicive attitude. Wu:ther studles should

-
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!

examine the decline of attitudes trhwards science courses in

Junior high Schools.

¢

Raimes (1984). in his study has concluded that the most
succesgsful problem solvers differed from the moderately succes
ssful and the least successfullproblem solvers in thelr tendency
to recognize problem similarity according to structure rather
théh context. Aﬁditionally the ﬁost successful as well as
the leésé succeésful problem solvers improved in problem solving

success éubsequent to their consideration of problem similarity.

Lawsiripaiboon (1983) in his study concluded that the @x
problem solving strétegy uéed in thg study seems to be an
effective means for improving the over-all achievement of
physical science students particularly achievement at the appli-
cation and énalysis levels. Problem solving laboratory activie
ties and teacher Initiated questions at the applicatién and
analysig levels are practical strategies to implement a physical

science programme,

Hermann & Hinksman (1973) in their study concluded that
if immediate retention is desired, the deductive method may be
superior, QSpeéially if the learning task is difficults However,
a longer term of retentionkéenerally desired. For the criterion
of delayed retention, the inductive method 4id not take longer
than the ‘deduciive method and was equally effective., Should the

inductive method simultaneously develop the learners technique



of discovery, for students who discover the rules in the
learning task, then the use of inductive method is advantageous..
For high school chemistry there is no support for the proposition
that student groupings, on the basis 0f I.0., gender or tralt

anxiety should be different for inductive & deductive methods,.

Dou§lass & Kahle (1978) ;n their study concluded that
the abilitg to solvéfproblems with ease parallels plaget's
formal fhinking and the degree of field independent learner.
that a student demonstrates, Many resezarchers mainta%n that
high school students are concrete, or at besst transitional
thinkers and that they might £find iaductive or inguiry based
materials difficult, It is possible that the frustration and
failure attitude assoclated with an inguiry or inductive approach
may do more motivational harm than good at this stage of logical
xﬁat&rity and that an alternative instructional strategy may
be more appropriaﬁe; A recommendation of this study would beh
to individualize instruction in such a way that global field
dependant students are matched with deductive materials and
analytic f£ield dependent students are matched with inductive
materials, Individualizing for two broad groups of students e
is a reaéonable task for the class room teacher, which may
increase student success, hopefully resulting in more‘positive

attitudes and szlf concepts,

Lawrenez & “unch (1984) in their study concluded that
apparently working in laboratory teams grouped according to

formal reasoning ability favourably affects student physical

.
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science content knowledge achiegement regardless of forma}

‘ reésoniﬁggability level at least in comparison with working in
students choice group laboratory teams. Grouping according to
this criterion however does not appsar to éffect.fcrmal
reasoning developmeﬁé, the perceivéd clasarcom environment or
the consolidation of intra grouﬁ relationships., Lven though
these other variables were not significantly affected, it sems
that the gain in contegt knowledge is sufficient to warrant
recommending that grouping of laboratory patterns acecording to
their formai reasoning;ability. Perhaps a small grouping
criterion affect on these variables was counteracted by the‘
simiiarity of the rest of course experiences and further: research
using more classes and instructors may reveal signific§nt
differences. &ll the resﬁlts however favour the hcm&geneously
grouped class. This class had the highest POST-PSI* scores,
the largest gain in formal reasoning ability scores, and was
perceived by the students as being the most cohesive, the least
competitive and as having the least amount of friction. Another
criteria could be forming laboratory groups according o prior .

science background or try different sized groups.

\ybﬁﬁﬁﬁﬁ;(1974) showed that statistically there was no
di fference between the two mathods for the parameters{immediate
acquisition, retsntion, ability level of the student "knowledge®
and “"above knowladge" levels of information) tested. 2an oppinion
4survey suggested the students taught by the discovery method

thzn shdectntesprgssupbeir oppinions and ideas more clearly

*POST-PSI stands for Post~-Physical Science Inventory,



’ 86

I4

Whitehead (1974) in his study concluded that students
. taught by the student centred teaching method were found to
have achieved at a significantly higher lewvel than those |
taught by either the CHEM* study or the teacher centered

teaching metbods,

' Stuﬁénts taught by the student teaching methods realize
a significantly greater increase in scientific interest than
those students taught by the CTHEM study or:teécher centered
teacﬁing'methods. No significant difference was found in the
area of critical thinking sbilitgfies. No significant diffe-
rence was found in relation to sex and achievement gain in éhemist
change ih scientific interest or change in 'eritical thinking
abilities, No significant interactions between type of teaching
ﬁethod and sex of the student with regard to either of the three

variables were £ound,.

Townes (1976) in his study concluded that the vicarious
laboratory methods, students over all rerformance on all three
criterion instruments used for measuring achievement exceeded
that of the conventional laboratory methods studentse It was
al so evidenced in the present study that the upper reading
ability levél students over all perfotmance was‘better than
that of lower reading ability level students, While the data
reported oﬂ sex revcaled that the over-all performance of the

females exceeded that of malese

FCHEM  stand for Chemical BEducation Materialss



On the basis of the data reported tne vicarious
laboratory method group showed greater competency in the
use of science processes than the conventional laboratory
group, Also this study revealed that the males exceeded the
v the abdly fo Use Rewdnee paheesses Aud;
-lower reading ability level students exceeded the upperreading

ability level students in ability to employ science processess

As a result of this gtudy it was aoncludeé that there is
no one best methed of laboratory instructions. The study also
revealad that application skills can be effectively achieved
without direct contact with laboratory’equipment apparatus and

materialss

The study by abhyankar (1977) revealed that males sixth
grade students had significantly better attitude t&wards
science than their female counterparts« This difference was
larger in the student ~ structured learning in science strategy
than the difference in the teacher structured learning in
science strategye. A significant interaction was found between
student's sex and the teaching strategy. Analysis further
revealed that male students in SSLC* class room had better
attitudes than male students in TSLgf;lass rocm but female
students in TSLS classroom had better attitudes than female

students in SSILS classrqom.

* SSIC stands for student structured learning in sciences

*¥735L,3 stands for teacher structured learning in sciences
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Chiscquare analysis of students responses to self concepts
in science part I revealed no significant differences in
students preferance for the solution to a problem solving
situation betw=zen the students in the SSLS class room and
students in the T8.LS class room. Analysis of variance.on the
self concept in s&ience~- part II revealed that male students
had higher self concepts than their fémale counterparts, . A . ’
significant correlation was found between studénts attitudes
towards science and their self concepts in science implying
students who have better attitudes towards science also have

‘higher self concepts and vice-versas ‘

- Seal (1977) in his study concluded thats

a) Students |audio tutorial with lecture laboratory method

(i 7] demonstrated significant achievement when their

post~test scores were compared uith pre-test scores.

(b) The audio-tutorial method was equally effective on student

achievement gain as the conventional method (¢} There was no

significant difference in post=test scores for the items

determined to be from the ﬁpper levels of Bloom's ‘Taxonomy

when the two groups were cohpared. (a) ?heie was no signie-
. ficant difference in retention when retention test scores for

the two groups were comparedt

serlin (1977) in his study concluded that initial tests
for equivalence indlcated that the three groups (ifi.e. two
experimental groups ani one control group) were equally skilled

at the criterion abilities, prior to the treatment. At the
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outset male subjects were better at problem solving than

female subjects, The discovery laboratory method was effective
at increasing students science sgkills, On the problem solving
post test, males again‘scored highef'than females. ﬁeither
treatment, nor sex was significént on any of the three measures.
The effect of taking previous physics course was not s%?ni-
ficant on any of the three measures. It was cSncluded fhat

the methods used were effective at improving student sciencé
process skills. Evidence was also presented which suggested
that this goal has not been successfully attained within the

context of traditional physics laboratory.

Mckee (1957) in this study concluded thét siginficantly
higher performance on the achievement test for morning classes
problem solvihg interviews for SSLS classes. Significantly
higher confidence levels forsSsSLS classes, significaﬁtly higher
lgvelg of self moti&atian in SsSLS classes. Black students
performed better in SSLS classes than in XKEK TSLS classes.’
While no significant differences were noted for white students
in séLs & TSLS classes,., Furthemmore a significant three way
ingeraction betwesen tecacher behaviour, ethinicity and sex
variables in problems solving ability analysis showed that
black male students in SSLS‘classes scored higher than any other
group while black male studenté in TSLS classes scored lower

than any other group.

MCCALL (1978) in his study concluded thats=
al) students learned significantly more cognitive content

when taught by learning activity packages than when taught
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by learning activity packages than when taught by traditional
class room lecture. This was found ¢o be the case when
comparing’ group mean scores for examinations in both phases

of the study (b) students in responding to an attitude question-
naire exhibited a significantly higher level of satisfaction
with learning activity package than with the more traditional

class room lectures in both phases of the study.

Netivinyoo (1978) in his study concluded that:
a) The lecture - demonstration - Audio visual method was

as effective as the lecture - behavioural objective met.od.

b) Different times spent in 2 instruction seem to have some
effect on the cognitive achievement but not high enough to be

significant at 5% level of confidence.

c) The combined teaching method of lecture demonstrate
audio wvisual and lecturce behaviour objectives was as effective

as using cach single method alone in te=ching the units.

a) The demonstration method did not effect the cognitive

achievement or the test scores on units.

e) Viewing the £ilm did not effect the cognitive achievement

of test scores.

Trummell (1979) in his study concluded that for develop-
ing the student ability to identify corresct vocabulary, it

appears that no weekly small group session is needel, However,
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if one is provided the weekly student initiated small group
session appear to be superior to weekly instruction direscted small

group sessions.

To develop the student®s ability to identify correct
statements of princinles, the choice of small group session is
of important for those students with the pre-test mathematics
scores in the lower two thirds of the classe. For these students
it appears that the usc of weekly hand-outs to supplement the
lectures and weekly laboratories is superior to the other
instructional procedures, For students with pre-test mathematics
scores in the lower one third of the class, it appears that
the students ability to unterstapd the meaning of physics
principles is best achieved by supplementing the lectures and
weekly laboratories with weekly stuldent initiated small group
sessions For all remaining cognitive skills studied, the four

methods of instruction appear to be equally effective.

Mcleod (1979) in his study concluded that laboratory
instruction can be successfully used in the teaching of physical
s¢ience - 100 with no loss in achiecvement. It was also concluded
that the majorty of students generally achieve higher group mean
cumulative achievement scores when they are enrolled in a

combined lecture - laboratory section of physical science - 100s

Ray (1979) in his study concluded that siinificantly
higher performance on the critical thinking and abstract reason-
ing test for the class taught with higher level questions. It

also concluded that both .students with high and low grade point
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averages dld better in the class xoom taught with higher

level questions,

Bodine (1979) in his study concluded that the case study

guided design approach as used in the bio~chemistry lasboratory
directed towards nursing students produces a very £avourzble
attitude to the laboratory anong these students. The students

in the case study guided design laboratory section perfomed as
well { using the average change on the pre & post test foms of
the watson-Glaser critical thinking approach) though mot signifi-
cantly better, on the critlcal thinking test than did the control
grcupe The student in the case study gulded design laboratorxry
Sections perfomed as well though not signifiecantly better on the
exaninations given on lecture,

Boghal(1979) in his study oconcluded that in tems of student
achievenent the "laboratory first®™ method was found to be superior
to the "discussion first® mothod, Students with different levels
of sptituade and notlcesble perfomance differences for each of the
experimentsl groups. Low aptitude students made significantly
better prmogress in the '1aboratoiy £irst™ method and it was
somewhat superior for medium aptitude students.Both methods seeme:
w work equally well for high gptitude studente=Teaching Assistan
stow no influence on the treatments, but there wvas an indication

that teaching Assistants have differing levéls of ability,

Zervos (1980) in his study concluded that self concept
occupies a position at the apex of the hierarchy with gituation
specific sclf concept at the base. To be consistant with the
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skill development theory, an educational interventisn wmust
influence specific science expericnces to effect changes

in academic self concept in science. In addition to the
guantitaétive findings indicating acad.mic self concept and
achievement gains, changes in observed class room behaviour
presented farther evidence of improved perfommance amcng the
students: Substantial improvement appeared with respect to
students self=discipline, cooperation, observation, skills,
questioning ability, interest, initiative and -articipation

during the instructional treatment.

Lungo (1980) in his study concluded that regular ability
students learn more effectively via deductive exposition wheree
as remedial ébility'stuéents learn more effectively via inductive
guided discovery in termns of initisl learning. However, this
was reversed for transfer of learning. For transfer regular
ability students achieved higher lewvels of transfer via deductive
exnosition. It was also apparent from the 'stuldy thst field
independent, regular ability students performed at higher levels
of initial learning transfer and retention lrrespective of

methodology.

Bock (19380) in his study concludcd that, no significant
differentes due to either main or interaction effects were
found vhen attitudes, or attitudnal changes were compared..
There was a significant difference between the experimental
and control groups at the top track level%hen the experimental

group scored higher than the control group on the application
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of subwtest ACS-N3TA* high school chemistry achievement test.
Thié aspect of the study 1s encouraging because similar results
were obtained by Herron. (Chem study VS Traditional), signi-
ficant cofrelations involving scores on shipley test of abstract
reasoning and various performance variables measured in this
study tend to support the work of others who have found a
correlation between the developmental level of students and

their performance in various science courses,.

Levandowski (1981) in his study concluded thatse
a) From the first to f£fifth laboratory experiment and test,
there was a progressive improvement in the students understanding
of the epistemological frame work (Vee) in applying vee to the
description of the study structure of knouledge involved in a
laboratory experiment and in conducting new experiments in order

to analyse physics phenomena and to establish knowledge claims.

b) The methodological domain of the Vee {(Experiment) was

more easily understood and described than the conceptual cne,,

c) Students main difficulties in the conceptual domain come
from their (i) lack of mastery of the theortical background of
the experiment (ii) difficulties in expressing relationships
among concepts (iii) lack of knowledge about the nature structure,
and functions of a theory and its component parts, These Qiffi-
culties'also represented obgtacles in the description of the )
constm:nt interplay between the conceptual and methodological

comains,.

Aot WSTA stanis for American chemical society National Science

4 o~ 3 ey - XN
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a) Students in the methodological domain came from their
lack of skills in the graphi¢ representation mnd anal ssis

ot data.

e) The students receptivity to the use of the Vee was good

(about 75% of the possible maximum by using the Sukert Scale),

£) Among the three experimental groups using the three
Jifferent fomatlive evaluation strategies there were no signi-
ficant differences in terms of students performances, receptivity

to the vee, and receptivity to the strategles.

One important asnect of this study was the deep and
clear communicztion, between the author (tzacher) and the
students which was made possible by the use of the "vee
language" in the analysis of the structure of knowledge

involved in laboratory experiments,

The evidence that the vee has an excellent structure, a
str ng communication power, andit is likely to improve ability/ics
in scientific inguiry are the most important findings of this

raesearch study,

Daume (1981) in his study concluded that students in the
I3Cs and traditional szience did not differ significantly on
science content achievemsnit, science process achievement, ani
attitude towards science when the variables of r-ading achisvement,

mathemakics achievement and sex were held constant.
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No significant differences were found between the males
and females in the I3CS programe on the variables of science
content achlievement, science process achievement, a=nd attitude
towards sclence when reading <nd mathematics achievement were
controlled, In the traditional programmes however males scored
siginficantly higher than females on science content achievement,
science process achievement, and attitude towards Science, when
the variables of reading and mathematics achievement were
controlled, Subjects in the ISCS program scored siginificantly
higher in reading achievement when the variables of mathematics

achievenent and sex were controlled,

schellenberg (1981) in his study concluded that students
achlieve equally well in learning the facts and principles of
the subject content, uniderstandi-g the nature of science and
scientiflc attitude from both the pontemporary topics and
standard toplecs laboratory approaches. This conclusion implies
that other criteria such as cost and student and faculty interst
should be used to decid> bet een the two approaches. Also it
is implied that the limited effect of the laboratory period may
not be sufficient to> provide measurable differences in the
criterion variables. This study was very concerned with the
monitoring of the treatments and results indicatod that treate

ment nonitoring can be achieved by a simple external instrument.

Tofte (1982) 4in his study concludecd that the learning

centre approach was an important and clearly more effective
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strategy for producing atleast short term scholistic achievew
ment in the study of Geclogy especlally that of rocks and
minerals and that improvament in self concept ass;ciated with
the lea;ning*centre approach added suppovt for its use with

introductory Geology laboratory students at college levels.

Oloke (1982) in his study concluded that the indoor-
outdoor laboratory method of teaching ecology was more
effective. than the traditional method of teaching ecology in
producing cégnitive gain and was at least as effective in
promoting a'positive ecological attitude, In light of tbe,
limitations of this study, any generélisatian of these results

to other populations should be done with caution,

Al-Ruwashad (1984) in his study concluded that:
a) the lecture laboratmry approach was signlficantly more
effective than'the lecture only approach in enhancing students

chemistry achievement.,

b) The lecture-laboratory approach was significantly
superior to lecture only approach in fostering students

s7ientific attitudes (intellectual and emotional attitudes)

c) students at Riyadh Junior College completing chemistry
041 were not as well prepareﬂ;as students with high school

chemistry background regarding achiev:ment in chemistrye.

a) There were no éignificant differences in the lecture=
laboratory student achievzment and attitudes due to instructor

effect,
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e) There were significznt difference in the lecture only
gtudents attitude towards science and total science attitude

due to instructor effect.

£). In both groups there was significant relationship
bztween changes in student chemistry achievement and scientific

attitudes, attitudes towards science and total science agttitudes.

Sendeibach (1981) in his study concluded that the sverall
results indicate the orientation of teacher being related to a
segmental conceptual frame work. Zeveral of the individual
frames within this orientation were identified to include a
"material frame", "procedural frame!, "time frame%, "results
frame® and "learning frame". This approach was significantly
different from the hollistic approach of the literal progranme.
The teachers dominant concern and focus of attcntion was
associatad with instructional aspects which addressed engaging
the students in manipulations of mabkerials, and the associated
class room management requirements. The teachers orientation
also included a student learning frame, but due to time
constraints and seguentiasl process of addressing other f£rame

first, was often not developed.

The teachers ability to engase the student in manipulation
of ma-erials, doing type activities was very high because
of the importance of the corresponding £ramnes related to

materials and procedures. Observations of student behaviour
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during the study resulted in the generation of the hypotheses
that the influence of the teacher perspective respected the’
instructicnal task for the gtudent to one involving only the
manipulation of the materials, The nature of instruction
appears to be related to the frames the teacher has and their
:1gvel of iméortance‘:ith regpect to class room management and

student learninge.

Gillespie (Jr.) (1979) concluded that audio tutorial
group showed higbe; achievement than lecture laboraéory treatment
group in genetics. Similarly in cell test 2.T.T.* showed hlgher
achievément than/the L. L.Te*student behaviour on the group
embedded figures. Both groups showed gignificant improvement if
exnosed to A.T.T. (upper/lower), In dropout rate both groups
had statistically have the same drop rate. In a second indepndent
test, the group embedded figures test scores and secondary
college aptitude test scores were found to exhibit no correlation

and can be considered to be indepndent variables.

(D) Types of Laboratory Skills

Let us examine the 1IZEEZE3 relating to laboratory
skills.

sund ¥ Trowbridge ( 1967) have made an attempt to
ldentify the t pe of skills which science students oﬁght to
"be able to ao better" after having taken the courses in

science in the junior high school or senior high school.

* Bn.T.Te stands Ffor Audio Tutorial Treatment,

* L.L.Te stands for lecture laboratory treatment.
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They have listed five categories of skills which includes
the following, acquisitive, organizational, creative, manipula-
tive, -and communicative. No attempt has been made to rank
these categories in order of importance, or even to'iﬁply
that any one category may be -more important than any sther.
Within each of these categoeries, however, an effort has been
made to list specific skills .in order of increasing ﬂifficulty.'
In general it was felt that th&se skills vhich required only
the use of one's own unaided senses were simpler than those
which require use of inséruments,*or higher brdergedf manual
' and mental aeketeri¢ty. The caﬁegories and the spécific skills

within them with some elaboraticn, are, as follows:

A, dcquisitive skills

B

1. Listeniﬁg'— being attentiva.,ale;t. questionings

2 ,Observing‘— being accurate, alert, systematic.

3. ' Searching - locating sources; using several sodrces, baing
self reliant, acquiring library skills.

4, Inquiring = Asking, Inter¥iewing, correspondings

Se Investigating - reading background information, formu-

1éting problems.,

6. Gathering data - tabulating, organizing, classifying
’recording.

7e Research - locating a problem, learning background,
setting up experiments, analyzing data, drawing

conclusions. ' .
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1.

2.

3.

e
.

5
6.

7,.'

9.

(c)
1.

2.

3.
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Organigational Skills

Recording - tabulating, charting, working systematically,

working regqlarly; recording’completely.

comparing - noticing how things a#e alike, looking for
similarities, noticing identical features,

contrasting - noticing how things differ, looking for

dissimilarities, noticing unlike features,

Classifying - putting things into groups and sub-graups;

identifying categories, deciding between alternatives.

Organizing = putting items in order, astablishing a

system, filling, lsbeling, arranginga

Qutlining -~ employing major headings and sub-headings

ising sequential logical organization. »

Reviewing = picking out important items, memorizing,
associatiné. | .
Bvaluating = recognizing géaa andapoor featurés@ knowing
how to imrpfove grade,

analyzing - éeeing'i@plicaﬁions and rela;ionshipsa

picking out causes and effects, locatinj new problems.

Creative Skills '

Planning shead = seeing possible results and probable

modes of attack, setting up hypothesis.
Designing -~ a new problem a new approach, a new device
Or systems

Inventing = creating a method, device or techniques
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4, Synthegizing - nutting familiar things together in

a now arrangement, hybridicing, drawing together.

:

(D) ifenipulative Skills

1. Using an instrument - Knowing instruments parts, how

it works, how to adjust it, its proper use for task,
its limitations.

2. Caring for an instrumcnt - Knowing how to store it,

using nroper settings, keeping it clean, handling it
. prope-ly, knouing rate capacity, transporting instrument
safetv.

3. Demenstration - setting up apperatus, nuaking it work,

describing parts anrd functions illustrating scientific
principles.

4, sxperimentation - recognizing a problem, planning a

procedure, collecting data, recording data analyzing lata,
draving conclusions.

5. Repair ~ repairing and maintaining equipment instruments
etc.

6 Cmnstruction ~ building needed items of simple equipment

for demonstration and eyperimentation.

7. <Calibesration - learning the basic information about

caliberation, calibera ing a thermomcter, balance, timer

or other instrument.

() Communicative Skills

1. Asking cuestions - locaming to formulate goxd questioag,

to be sz2lective in asking, t0 resort to own devices for
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finding answers whenever possible.
2, Discussion = lzarning to contr;bute own ideas, listening
' to ideas of others, keeping on th%topic, sharing available
time equitably, arriving at conclusions, i

3. Explznation - describing to some one clearly, clariffing
major points, exhibiting patience, being Willing to
repeét, )

4. Reporting - Orally reporting to a class or teachef(in
capsule form the significant material on a science
topic.‘ j

5. driting - writing a report of an experiment or demonse
tration not just f£illing in a blank but starting vith a
blank sheet of paper, describiag the problem, the method
of attack, the data collected, the methods of analysis,
the conclusions drawn, and the implications of further
work, | @ ‘

38 criticism « Constructively criticizing or evaluating
Ia piece of wérk. a scientific procedure or conclusion,

Te Griphing « putting in graphical fom the resulis of a
stuﬁy or experiment, being able to interpret the graph
to soms one else.

Be Teaching = after becoming familiar with a topic or semi-
expert in it, teaching the material to one's classmates

in such a manner that it will not have to be taught by

the teacher,

Mere identification of skills to be taught is of course. ,

only a first ste- in the realization of a science sbjective.
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In order to bring about skill development and ultimate
mastery of the desired skills, the ¥ teacher must devise
suitable teaching plans and student activities. It goés
without saving that, in this tvype of learning gt least
"learning by doing® 1s an important maxim, Pupﬁls,must be
given opportunities to aryy out activities which give
repzated practice in the skills to be taught to. The labora-
tory becomes an important facility at this point because -
most of the skills involve procedures vhich to a grzater or

lesser extent require ma“erials aad ajparatus.

Observaticn

sarufaldi & Dietz (1975) in their study concluded that
children perform more successfully (make more correct responses)
on the visual tasks whon they observe and compare either the
solid cbjeccs or the photographs of the objects than do these
children Qho observe and compare the drawings of the objects.
The Jdifferent types of visual stimuli do not effect the
performance of childrén cn visual observation and comparison
tasks which focus upon the physical actributes of colour or

size,

The grade level of the children affects their performance
on visual cbservaticn and comparison tasks whnich focus upon

the physical attributes of cclouyr, size, form or form detail,
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The older the children, the more successfully they perform
these tasks. Differences in sex affect the performance
of ehildren on the visual observation and comparison
tasks which focus upon the physical attribute of colour.
Females perform these tas. s more successfully than the
males. The males should be provided with additional

experience with colour observation and compariscon tasks,.

The difference in sex does not affect the performance
of children on the visual observaticn and comparison
tasks which focus upon the physical atiributes of size, fomrm,

r £orm detail.

The teacher should consider, in th-o selection of

methods and teaching m.terials.
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The sex of the child, and graie level of the individual
in relation to the 2ffect of different types of wvisual
sti uli on his perfomance of certain tasks. The cholce ¢f
physical attributes of colour, size, form and £orm detaill
in any teaching matcrials should also be done with consideration
for characteristics of and differences, between sexes and

among grade levels.

Shymansky % Penick (1979) in their study concluded that
while collecting obs=rvational Aata in systematic foramat
may seem a?&ward. even imposgsible a2t Eirst, once the behavi%?
categyories are learned, Jdetalled & reliadle cbservations
can be obtained easily., Trading observation with an instructor
or coding several TA3* and using the data as topic at the
n2xt TAS meeting can pr:vide rather productive results, Start
thinking about what was observed. wasvthe observed teaching
consistent with the goals established for the laboratory
instruction. Dess the quality of instruction or what the

students are doing meet with your approvals. I not, you now

have a vlace to begin.

Horris (1984) in his study concluded that the observas
tional competence congists of three proficiencies, proficiency
in making cobservgiion well, proficiency in reporting them

well and proficiency in assessing correctly the rcports

* TAS stands for teaching assistents,
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of observ~tion. The hypothesis is that a goud observer is
ong who knows the conditions and principoles and can use

them properly. The newer view holds observation reports,

like all statements of science to be intrinsically fallible.
There is a long tradition in scieﬁce educztion of attempting
to develop observational competence in students, fhe guidance
has extended to encouraging students to bbserve carefully,
precisely and thoroughly and to report their observations
accurately. Students should in addition should be made aware
of the effects of emotional states, theértical understanding,
preconceived notions mnd observational access among other
thinés on the quality of obgervations, also more attention should
be paid to the assessment 0f the reports of obsgervation,.
Although observational competence is needed in many fields,
and in many aspects of everyday living, science teaching is

a very sensible place t0 promote it. There is a long
tradition in science education which recognises the importance

of compastence in observinge.

In addition without £alling to the past trap of thinking
of observing as infallible or clearly demarcated by language
useds Science more than any ~ther field relies at its very

foundation upon sound .bservation.

Baker & Talley (1974) in their study concluded that the
significant relation of visualisation skills with learning of
problem solving skills in inorganic chemistry. This study
and other noted recommend the considecation of the use of

concrete models in the teaching of chemistiye
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Lowery and Allen (1978) in their study concluded that the

possib}e t;.ni{rersality in the ways in which children solve problems
involving size, sﬁape, patiarn, ‘combina‘tions of progerj:ies, fine
differences, and varied orientations ‘ai_: ‘th,'e, résﬁmbaiance sorting
level of cognitive developments The types of difficulties and
success expeticnced by both sets of children were essentially the
same, From an instructional view the establishment of a3 universalit;
of behaviours at the r:esemblance sortwg level and the cordering

of dlfficulties within -z:hat level have major curriculum implie
cations, Regardless of cultural &iversi'l;y,\ it may be possible to
identify an effective and perhaps efficient sequernce of pictorial
tasks for reading e;nd mathematics work~books as \x»:lell as ‘for

science matsrialse

- Stevens I3 (19‘54) in his study concluded that {a) observatiorn
is more then just seeing, looking or glaneing (b) There are
limitations on the abila.ties of teachers to be conversent with
students observation {(¢) thers are limits on the teacher's apility
to evaluate student observations (&) There are limits on a teacher
ability to provide autonomous observation or autounomous inquiry,

{e) Observations do inot have ¢lear beginings or endings, (£) There
are difficulties in detemmining the felationshig which obbains
between observation and various disposition the obsgerver has concerns
ing what is being observed,

Maguiree (1974) in his study concluded that an evaluation by
twenty two science educators confimed the general design of PSLOTH
but rejected three of the dimensionse The other seven were well

supported, PSLOT consists of ten dimensions assembled . . . _ _

PSLOT* stands for Physical Science Iaboratory Observation Taxonomye.
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from clusters of overt student behaviours in the lsboratory both
verbal and non~verbal.

willarda(Tx) (1979) in his study concluded that a visual
apcroach in presenting advanced arganiz%rs is better than any other
method of presenting new materials: The results support the
suggestion that teachers & not need to link prior iecarned concepts
t0 new learning to facilitate that learning: It is »nossible,owever
that students need to contrive or construct to new leaxming to
facllitate that learning: It is possible, however that students need
t0 contrive or constiuct their own memory link to fommer learning
to make an organizing structure work. It is further concluded that
an opecrational definition of an an advanced organizer needs to be
agreed, on, in order to provide continuity and direction for

fuature researchers,

Sagsification

Lowell (1979) in his study concluded that many students in
@unior high school and high school have Aifficulty solving problems
requiring sbstract reasoning abilitys: More speclificaily, a substan-
tial number of these students experienced difficulty 4in organizing
infomation in hisrarchicsl arrays. Since hierarchical classification
ability plays a crucial role in development of wore complex thoughis
process; this suggests that frequent experiences with hierarchial
classification problems should become an important part of junior

and high schocl curricula,
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Levin & Libman (1980) in their study concluded that

there is need for further search and for a greater differents
lation between the cognitive process involved in free
and guided classification, It further implies the need to
Place more emphasis in science and mathematics school
curricula on free classification activities. Such activit-
ies enable teachers to begin thelr instruction from where
the student is. It provides the teacher with infomation
about the capabilitles of his students and alds in develop~
ing a large range of learning experiences aiming to impmove
the abllity to classify, to differentiate, generalize and

aAbgtract,.

Lowell (1980) in hls study concluded that it was
observed that hierarchial classification abllity begins
to be developed in children at around 11=-12 years but does
not become fully developed untill midadolescence (14~15 years)
or beyond. The results strongly support Piaget's contention
that hierarchial classification is not properly urnderstood
untill late concrcte oparations and in some cascs the child
may be at the stage of formal operations before he shows an

understanding of this ability. The results indicate that
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I. Q and gender have o significant effect upon hierarchial
classiflication ability, However it was observed that
mental age as an index of verbal sbility 3ignificantly
related to all measured variables, suggesting a relation

worthy of future investigations.

Winn (1981) in his study concluded that diagrams can
show representations of concepts realigtically and the
relationship between concepts in particular content area;
espeacially how these concepts may be clasgsifleds That
Picture~word@ digrans are useful for teaching identification
and block word digrams, help students learn classification
schemes. The effectiveness of the pictorial and crgani-
zational aspects of digram apPears to be related t
leamers verbal ability. Science teachers should therefore
not use digrams and pictures indiscrimnately. The nature
of itended leamers needs to be identified withk far more
preecision than has hitherto been the case in the design

and use of science materialsa

Rebecca (1874) in his study eoncluded that the mani-
pulatory grouping esperience is successfull in postively
modifying the classification skill competence of youly
middle class cauncasian children only in combination with
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teacher-child interaction, However both types of
éra!nmg aré successful in inducing greater flexibility
of grouping behaviour,

Simmons (1977) in his study concluded that (a) the
performance of a psychomotor skill as measured by
manipulaticns, was directly related to the method of
‘prasenting the Gef initions and to the amount of communim

cation struoture,

(b) The performance of a psychomotor skill a8 measured
by tite amount of time devoted to the manipulation task,
was directly related to the method of presenting the

definitions and to the amount of communication structure,

(c) The acquisition of knowledge about a psychomotor skill
as measwed by the test of multiple choice guestions was
directly related to the method of presenting the
definitions and to the amount of communicstion structure,
One can expect more prof icient performance and longer
student involvement in a task as well as more knowledge
acquisition after an optimally structure and organised
lesson than If student received a less well structured

or organised presentation,
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Researches found statistically significant effects
of structure on knowledge ac:qi‘:&sitwn.‘ High structure produced
high scores than low structure. Significant differences were
obtalned in the study, thus indicating that performance as
measured by ¢heck list ( mani’iaulations) and (time) as well as
knowledge acquisition as measured by the test of multiple
choice questions, were directly related to the method of
presentation and communication structure, oo much progression
may inhibit performance and knowledge acquisition because the
learner may" fail to understand the nature of association among
the isolated concepts or because the learner may fatigue from

cognitive straln in attemtalng to supply the lacking association.

The correlatkon observed between test scores and the method
of presentation supports “Gagnes®™ contention of task analysis®,
that best way to learn a performance taé}c was by mastery of the’
subordinate phase which would in twrn f£xilitate positive transfer
to the subsequent higher phase,

It adds to the body knowledge which has acquired on
kinetic structure, Moreover it is the first quantitative
analysis of the affects of structure on learning s psycho=

motor skill,
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It provides evidence that the task analysis concepts
alids the learning of a psychomoter 515111.

The Qommuﬁication { high struwcture with definitions
seperated) which was produced furnishes a useful tool for
educators to employ in teaching this psychomotor skill

Verbal instruction could be employed to tesch manual
performance éki.}.la not only in science but ;n other subject
areags and industry as well. Indeed i£ would be interesting
to extend kinetic si:ruckurea materials into an enquiry type
of laboratory skill. For example will the advancé presentation
of a well structtired psychomotor and conceptual introduction
to a topic facllitate better student performance and enquiry
than a less structured introduction. (

Macbeth (1974) in his study concluded that the influence
of direct first hand manipulative experiences in the developmén
of process skills may well be more importamnt for the early
primary grade children than for olﬂerucbi.l&_:en. The children
in "piasgets™ pre~operational™ stage must operate on concréte
objects, As they mature, chiidren become less dependant on
manipulative learning and xgore gn verbal learning, Al though
this may not universally be true, it seems to be supported for
the learning of science process skills,

Beaslay (1979) in his study concluded that the most

fnteresting implication for science laboratory instruction
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was the equal effectiveness of mental practice when.dompared
to techniques which utilize physical practice, Mental practice
act:w:.t:z.es impose no great burden on laboratory resource and

can be easily sequenced as a pre»laboratory cxercise,’

At present the scheduled predaborabory activitﬁ.es
in freshman course tend to emphasize and reinforce cogmitive
1eamz.ng assoc:.ated with the planneé experiment, On tha
other hand mental practice of manipulative skills r:equired
for the satisfactory completion of laboratory experiments
offers a 'method whereby psychomotpr learning may be re:l;nforced.
Any jxﬁgement about the value of such practice ac*t:ivities .
would need to be consigtant with the course abjectivess and
the stated importance of skillful 1abor:atory perfozmance,
‘where & sk:illful laboratory performance is conmc’iered desirable
The use of mental practice activities as a compuléo:éﬁr pre=
lsboratory student assignment may prove advantageous., Any
experiment would need to he analyzed :Eor irsherent laboratoxy
skil;s. Each skill would need +o be descm.bed, :Lllustratea
and sequenced in a zpanner coneistent with acceptabl‘e practice.
These saquences would ghen ﬁ?om the basis of a ment';ai pracﬁice
pre~laboratory éxereise for students, Tﬁe nature of this mental
practice exercise may vary £rom takenhamérfraeﬁiabarét;jry
assigrimants to slide tape or £ilm loop observation e@g‘émisa,
where a skill is unfamiliar to students, teacher dgmgnstration

o 5
a,
14
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of the complete skill sequence prior to mental pr;ac:tice
exercise may improve the effectiveness of the mental practice.
Doran & Dietrich (1980) in their study concluded that
relationship among thi three psychomotor varlables were
strong only for the MPPB andl Bennett paire. All four science
classes and nonwescliences groupa showed significant relationship
between I.Q. and Bennett scoras. Relationship were strongest
‘lfetvmen thé previcus years science grade and the I.Q. variable

ard Bennett test,

Generally the physlecs students achieved the highest
scores and biology students the lowest, while the chemistry
and earth science students tended to score near the overall

means

Cohen {1984} in his study concluded that teachers must
be more tﬁan providers of activities and materials to students,
They must take an active role, in that they should act as
guldes, encouraging the student o become as physically involved
with manipulative matcerials as is reascnable, Further more
a teacher should encourage a student to examine the materials
from many vantage points and o utiliza the materials in ways
which seem appropriate based on the students apparent Interests
and levels of underst: nding.

*
MPPB standg for Minnesota Paper form board test,
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Séhmons (1975) in his study concluded that the
investigation extends Anderson theory by applying it to the
psychomotor domain, Anderson has designed a bridge linking
learning theory which is largely descriptive with teaching
theory which 1s predominantly prescriptive.with—teschiag
theory-which—is-predominantly-presceriptive, The more
knowledgeable teachers, supervisors and teacher educators
become about the process of teaching from a systematic view
point, the more skilled they will become in developing a theory
of instructicn or at least a model of effective professional

performance,

Spraglle (1977) in his study concluded that for the
population of the study, increasing student verbalization
during the manipulation of scicnce materials did not
significantly improve the immediate lezrning, It did however
significantly improve the delayed rotention learning,.

Robbins (1978) in his study concluded that analysis
of "blood components" lesson showed that it was more difficult
in comparison to other similarly structured communications,
More investigation is needed on the effect of lesson structure
in interaction with different levels of lesson difficulty,
Purther study is needed to verify that no significant motor
tasks between high structures and potency controlled structure

lessons, Potency controlled lessons are compared to low
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manual tasks and scientific operative procedures,

Beasley (1979) in his study concluded that some form
of planned practice of pscychomotor skills is more likely
to be associated with a superior laboratory performance, HOWs
ever no differences were established among thosd technigues
which emphasized physical or mental practice, Evaluation of
the improvement gained through the planned practife activities
iist be made relative to the inherent accuracy of the applied
labcratoxy technigue,

" The effect of Physical practice of ®*five” pscycho=
mojor skills on chemistry students laboretory performance is

moderated by the presence of mental practice,

Hymamra (1982) in hie study concluded that for the
population of the study demonstration with molecular models
was equally as effective as having the students manipulate
the models in increasing achievement over those who received
neither demonstrations nor manipulations. This demonstrates
the ’effectiveness of organised lecture demonstration oriented,
additional sessions in improving achievement in organie
chemistry and possibly reflects benifits from using molecular
models in helpling students gain a better understanding of the
concepts, It could not be determined from this study whether

manipulating or recleiving demons{?étions with molecular models
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Improves spatial wvisulization skills,

Data & Graphs
Yeany and Capie (1979) in their study concluded

that the data processing cobservation guide (DPOG) has two
potential functions, First it can be employed as a science
teacher training tool, Whether the trainer engages the
teacher in systematic analysis of models (efg? video tapes)

of data processing behaviour. This analysis assists the
ﬁeacher'ln identifying, communicating and designlng data
proceSQing learning activities. Accurately describlng

data processing learning activities, AaAccurately describing and
systematically analyzing teaching bchaviours allow teachers

to bring their own teaching act under a greater degree of

contxrol,

The second function of DPOG is to assess classroom
behaviour. In this function it serves as an assessment tool
for research and programe evaluations, In ordexr t0 serve as an
adequate measure of the teacher student behaviour variable
in classroom research, the reliability @é indiges derived
from DPOG must be ec-ablished, The initial yesults of thia’
testing indicated that teachers who systematically analyzed
their behaviour changed thgir.teaching strategies in favour
of more student operations when compared to a control group;
On the bésis of results from formative testings The DPOG appears
+0 have potential as both a ;esearch an§ teacher training tool

in science education,
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Cohen (1978) in his study concluded that the feasability
of using kinetic structure analysis in prepearing criterion
communicstions and examining tpeir effects on knowledge acquisi-
tion in a quantitative way. A practical outcome is that high
structured format for curriculum design has been found to be more
effectivé than a low structu;ea format for transfering of
learning effects, A mental transfer model was proposed to
illustrate the'pathway by which the pérceptions, storage and
recall of acquired knowledge and its subsequent synthesis facilie

tates transfer of knowledge €0 a problem solving task.

Taaﬁﬂ&&ﬁﬁ (1978) in his study conquded that students who
have~previoﬁély'stu&ied chemistry have better mathematics skills
and do better in first quarter introductory community college
chemistry than Stuéents who have had no previous study of

chemistrye. _ -

Roiler (1979) 4in his study concluded that Graph reading
reprasented a aiffiéult task, only a few high scorers‘repor%ed
using cues in text kooks to study graphs, Many more reported
dependance upon content teachers o help them focus their
attention upon graphs and Lo accurately extract meaning from

the graphic foxmat,

Mckenzee (1984) in his study concluded thats
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- a) None of the instructional strategies examined
appeared superior to others in regard to lavel of

graphing achievement attained by students.

(b) [Instructional strategies involving Pvands on n
gctivities resulted in higher achievement than the

written simulation strategys

{c) Pransitional/Formal operational students tended to
score higher than concrete operatlonal students on

the graphing achlevement measure.

{d) Spatial scanning ability showed relationship to

graphing achievement.

{e) The effects of treatment on achievement across levels
of (a) cognitive develogment and (b) spatial scanning

ability appear to have besn conslistent,

Staver & Halsted (1984) in his study concluded that
in the same instructional envircmment, the‘effects of
studente reasoning levels are found in.postfﬁest sections
rhat differ in the use of models and the cognitive demands
of the items. Aachievement may be effected by the foxmat
of the post-test, Thus teachers should carefully analyze
their tests for the cognitive demands og the questiocns and
use of manipulative, like the reagoning demands of tests wmust

pe analyzed and compared with reagoning leavels cf students.
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Atwood & Stevens (1978) in their study concluded
that this study provided no basis for the schools to engage
in efforts to either increase or decrease student memory or
questioning preferences for the purpose of improving science

process performmance in ninth grade,.

Bady {(1979) in his study concluded thet apparently
many students do not interpre@ implicetions correctly,
Stvdents who believe hypathesés can be adequately tested
and proven by verification are likely {0 have a simplistic
and naivgly abgolutistic view of the nature of scientifilc
hypoﬁhesés and theories, In fact any one who does not
realize that scientific hypothesis can not be proven at all.
but only disproven c¢an not be said to truly uvnderstand the
hature of scienceyPerhaps the often reported poor undéru
standing of the nature by many students resuits in part
from their exposure to science without having developed

the requisite logical skills,

Jones and Russell (1979) in their study concluded
that a hierarchy when validated dces ﬁepresent a.sequence
set of intellectufal skills. This sequences is probabilistic
arrangements It represents a probable expectation for a
group of learners. A hierarchy does not identify the most

efficient route for any one given learner, There are certainly
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possible variante in the hierarchy for individuals, ™The
bright leainer; because of past lezrning or imnate capabilities
may be able to skip over particqlar'prerequisites. The
hierarchiai paradigm holds that when‘this happens ‘the learner
has been &ble %o acquirs a higher o;aer skill by using a
problem solving approach that probably also utilizes some

very important strategies,

Hierarchies are not mesant t leW‘ﬁown bright

- dearners, Hierarchies should provide bases for £inding more
efficient paths for the majority cof lecrners, Valid hierarchies
should provide a diagnostician or the teucher with higher,
probalistics in their identification of where individualg or

groups of learners flt in a hierarchy.

Neither does the use of a validated hierarchy
dictate a teachers style of instruction, Nothing precludes
teacher from starting on any spot in & hierarchy and moving

his students "up" oxr “doim".

It argued that the direction of 2 movement in a hierarchy
diglinguishes expository from discovery leaming. In
discovery learning, the learnsr is placed in a problom
situation where he is unable to explain a phenomsna, Through
exploration he eventually discovers fhe solution, It
further identifies a teacher starting with prereguistes and worke
ing up as the strategy follows in most expository classcos,

Paradigm does not insist on any specific sequence for instruction
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only tne acceptance that there are necessary prewraquistes

to the mastery of any super oxdinary skill, If this condition
is not effective learning should take place regardless of

the ins;ructional sequence selected, Perhaps this condition
is one of the reason for ocur failure to identify differences
in the effectiveness of different instructional types in

past studies,

°

Populer & Wright (1980) in their study concluded
that hypothesis fomming behaviours can be taught effectively
as part of normal classroom instruction. They 2lso concluded
that proYiaing students with both of the criteria, accepiable
hypothesés and differentiated reinforcements leads to an
enhanead capacity to produce better hypothes%s in new

situations.

Aghil (1977) in his study concluded that {a)
Differéntiatea reinforcement as sn intonsive instruction
method is responsible for a higher cquantity of written hypog
thesis after intensive instruction than the instruction
method which involves no intensive instructiong (b) Partici-
pants who recelved intensive instruction which emphasized
eithor differentiated reinforcement criteria orxr both
generzted a higher qualiity of written hypothesis following
intensive instruction, than participants who recelved
undifferentiated reinforcement or no intensive instruction.
{c) Mo form of hypothes%s generatlon intensive instruction
improves the pacticipants abkility to generace a greater

quantity or diversity of wricvten information search gquestions
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following intensive instruction (d) Differentiated reine
forcement, Only as an intensive instructional condition is
responsible for a grester quantity of written hypothesis
than no intensive insiruction Lollowing the group discussion
(é) criteria as an intensive instruction method is responsible
fdf higher quallty of writien hypothesls, after the group
éiscussion, than the instruction method of undifferentiated
reinforcement or no intensive instruction (£) aAnd in the
Qiesencé of the group diversity of oral information search
questions is not significantly improvod bvr hypothcsis
geﬁezaﬁion intensive instructions

Zugenc (1978) in hig study concluded that scientists
initheir inquires engage in a two component complementary
operation hypothesis generation and hypothesces testings
Based on positions taken by science educators it is conciuded
in this study that scicnce teaching should reflect the practice
of sclencc when a current view of sclence teaching ls examined,
hovever it is found that thoro is an over emphasis on the testing
component at the expensc of generating component, A major
reagen for this imbalance is thot characterstics of the tesiting
compdent arc alrexdy in a fonn ( the mental operation
inherent in the progess of induction and deduction) which is

translated to sclence teaching,

Ziether 8,(1981) in his study concluded that the type

of practice involved during instruction of the communicating



126

gkills seemed to have little or no influence on gsubjects
agquisition of the skills, Both groups seemed 0 acquire
the skill equally welle They also concluded that the type
of practice had some influence upon the number of communie
cating skilles incorporated in a subject teaching plans..
Subjects who practissd through micre=teach ng incorporated
the skills mors froguently than subjescts who practised through
modelling, The subjocts who practised with microwteaching
were more effective instructors than those who practised with
modellinge

Hofstein, zvi, & Samucl {1972} in their study concluded
that (a) high school situdents mean score on the critical
questioning area was significantly higher than that of

laboratory technicians and post gradunte studentse

b) The proference of both postgraduvats anl science club
stidents for the apglication was lowszr than thet of high

school studentss

¢)  High school students differsd from other three groups

in their low preference for "regall"

4) Postgraduate students as a group werc found to resemble
the science club students in their prcferencass

Rrieger(1082) in §is study concluded that there appears
to be no significant differance between the written test
scoras neap and the laboratory performance test scOre means

when used to measurs very specific skills{l.e, ability to
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tzke data f£rom grephs and or instrument scales. Becouge '

of the problems with meteric drift ete,. the paper pencil
ah3log test may be seen to be superior to the @L9T and 80
is more time and cost effective, The LPT might be better

utilized in measuring other aspects of laboratory experience.

;Eﬁ%méﬁgmb {1976) in her stuﬁy conéluded that Empericsl
formulative evaluation of student performance demonstrates that
learnigg'to ask rcsegg;h questions is useful tool for develow
ping and inVestigaﬁiggtfesearch guestions skills in studants;

A generally high level of performance was obtained with
indicators that taﬁZ@nnmig gugstioning is é?siér for students
than cause effeét iné@iryc éasts of hierarchial validiéy
suggast that the relationship between pairs of skills is
hierarchical in nature, In addition the students developed a
Guestioning strategy in the courgs of the elsven lességs, an

aspect of questioning behaviour which merits further exploration,

Eisenberg{1976) in his study concluded that students
wikh low cognitive skills can ba tought to function well 4in
arcas requiring pojchomotor skills, The stndy also revealed
+hat females did not remain in the job as long as males and
that fommer students did continue thelr education, The programme

was an effective zliernative fom of education,

*LPT stands for laboratory performance boste
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Bolesky (1977) in his study concluded that (a)
students using calculators to perform routine calculations
during class room sessions of a "CHEM~STUDY" chemistry
course do not achieve significantly higher score on
chemistry achievemmt tests than students who do not use
calculators during class room sessions (b) students from
a "Chem Study" Chemistry course using calculators to perform
routine calculations on chemistry achievement tests
do not achieve significantly higher scores in chemistry
achievement tests than students who do not use calculators

during chemistry achlevement tests.

Jantarawveragul (1978) asserted that (a) cognitive
style in terms of a factual concept set is not reflected
in differential skills in any of the basic science
procegses (b) onet's attitude in reference to the student
or teacher as the centre of instructional activity is not
related to one's skill In any of the basic science
processes {c) Cognitive style and student teacher-orientation
attitude do not intereact in the demonstration of skill

in any of the basic sScience processes.

Davidson (1978) argues that both short term
achievement and long term achievement vwere similar for

the two feed backmodes since student perference wis not
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a factor, Jnd since laboratory time favoured,the

competency
competency |

to provide

0zso

underprepare

chemieal co
chemistry}
programued

pace (b)

h
faveurabiy

with course

Ward

show higher

thought thai

out perform

formal théu

ecycle in lal

measure riocde, the investigator chose
neasure mode as the more satisfactory way

feed back in a laboratory course. .

gomonyan (1978) found that (a) Most

d students are able to master important

ncepts ordlnarily taught in a freshman

if they are provided with individualized
instruction and allowed to proceed at their own
erpre?ared students will reSpond nuch more

o individuaiized‘instfuctian, if interaction

manager is maintained.

(1979) argued that (a) Formal students
achievement on test items requiring concrete
n do cuncrete students. (b) Formal students
concrete students on test questions requiring
chte (c) A limited exposure to the leafning _

boratory instruction does not appear to improve

the performance of conerete or formal students on tept-

item requir

ng formal thought. (d) concrete and formal

students show similar levels of achievement on test

items which| require only recall of facts~pr formulas.

(e) Intellectual development aprears to be an important

factor in the design of general chemistry instruection.
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However 1t is still uncertain as to how instruction
might be altered to make it amenable to concrete students
and at the same time still includes all the concepts

necessary in a first course.

Hartford (1980) claims that the pretest enhanced
the post-test performance of the experimental treatrent
group. However it diminished the control treatment
groups post-test performance. By analyzing the post-test
scores of un pre-tested students only, the experirmental
treagtment effect was found to be statistically significant\
accounting for 14% of the variance of the post-test
scores. Iliowever, the level of intellectual development
had no effect on these post-test scores. The lesson
developed in this study, when used in the on-going
laboratory programme enabled high school chemistry students
(of general and advanced ability levels) to ask more and
better research questions. The Piagetian level of
intellectual development of the students does not affeet
the effectiveness of this instruction as measured by
research questioning ability instrument used in this
study.

Adkins (1980) finds that (a) Mental imagery ability
appears to play a wmore active role in the learning of
the atomlc-molecular models of the atom than in the

learning of the gram-molecular mass concept (b) clasgsifie
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cation skills, sclence word recognition, ability and
interpretation of data skills affeet the learning of
atomic theory more than imagery ability (c) Imagery
aﬁility appears to influence the acquistion of

science process skills, but its affect 1s moderate

(d) Imagery ability has relatively little relation to
overall science aptitude as measured by the comprehension
test of basic skills, (e) understanding of the gram-
molecular concept in chemistry is mainly facilitated

by a students mathematical ability. (f) interpretation.
of data skills as measured by the comprehensive test of
basic skills is an effective predictor of science

achievement within the scope of this study.

Bachuroff (1980) showed that scientific laboratory
experience did enhance the cognitive development for
the elghth grade subject. This was not shown for the

seventh grade subjects.

Brocks (1982) in his study concluded that no
significant differences vere found in levels of achieve-
ment between mastery and non-mastery average or above
average students. Above average mastery instructed
subjects scored significantly higher than their non-
mastery counterparts on an instrument measuring retention
of low level process skills but average mastery instructed

gbjects did not show any significant differences in
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‘retention from non-zverage non-mastery subjects.

Both average and above average mastery instructed sub jects
scored significantly higher than their non-mastry counter-
parts on an instrument measuring rentention of low level
process skills, but average mastery instructed subjects

did not show any significant differences in retention

from average non-mastery subjects. Both average and

above average mastery instructed subjects scored signi-
fieantly higher than their non-mastery counterparts on

an instrument measuring retention of higher level process
skills. While mastery instructions may not be significantly
better than non-mastery instruction in effecting achieve-
ment gains when equal amcunts of time are spent in both
modes of instruction. The mastery instruetion strategy

can sometimes produce a more permanent mastery of sequentiall)
organised materials (higher process skills) than an

equivalent time~-non-mastery instructional stretegy.

Newton (1982) asserted that the level of students
plarming is significantly assoclated with process skill
achievement, even when the formal reasoning ability
of student is considered. Student generalizing is also
significantly associated with process skill achievement
but not wvhen formal reasoning ability ie considered.
There were no significant interactions between the
engagement modes of interest and student reasoning
ability.
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Muh (198é) found that there was some transfer of
the reasoning skills to novel problem solving-situations}
with ecllege students. In addition, the research
data showed that there was a positive éorrélatinn
between cognitive growth and field dependence,
Independence ccgnitive style, and field indepdnent
cognitive stylé 'was one factor predicting achievement

level of hypothebicedeductive scientific reasoning.

Spickler (1984) cléims that laboratory exercises
can Strengthen intiution leading to improved‘student
ébmpreﬁension of related concepts. Intiution improves’
informatioﬁ procassing skills of the intellecﬁ in a

surprising waye.
‘* Memeen (1983) in his study concluded that:

a).  Both students who had a exposure to a traditional
chemistry prograﬁmé and siudénts who had an inquiry
oriented laboratory based chemistry programme showed
equivalent inereases in intellacfual development as
measured by the.TOIﬁ*test.

b) ~ Significant positive correlations were found
between the pre~test TOLT and final'ccurse grade and

between post-test TOLT and final coursé grade. There vas

* TOLT Stands for Test of Logical Thinking.,
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found to be a significant higher correlation of the
post=test TOLT experimental group scores with final

course averages.

Valdesolo (1983) concluded that: a) Hypothesi:s
formtion 1s a process skill that can be p improved
through tralning.

b) Improvement 1in the ability to formulate seientifilc
hypothesls was equally significant among bilingual and
monolingual students.

c) Billinguism has a significant effect on the
ability to formulate scientific hypothesis at a level
where students a;e highly proficient in both languages
(Italian & English).

d) Billingusim has no significant effcet at 2 level
where students are proflcient in second langusge but not
in their first or are highly proficient in their first
language but nct in their second.

) Recent Advances in Laboratory Instruction

Now let us take the issue of Recent Advances in
Laboratory instructlion., Many Advances have taken place

in the western world.

Computer Assisted Instruction

Ra0 (1975) stated that "Computors are most commonly
used by chemical educaters to simulate physical or
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chemical systems as problem solving aids, to analyze,
experimental daia or to familiarize students with
programuing. On line-computing and digitizatlon of data
and the like. Some centres have a ;arge number of
computérs located near classrooms, laboratories library

carrels and dormitoescees,

Several teachers around the world have been
training under-graduate students to use computors to solve
chemical problems. Courses are taught in numerical methods
in chemistry on line compubtor applications in analytical
chemistry and 1nstrumentgtion chromatography and other
' subjects like on line gas chrimatography and kinelies,
With the recent developments in electronics it is now
viablé to collect data for maﬂy’chemical experiments in
digital form not only are digitél data very accurate but
~ they are rcadily processed by computors. It 1s therefore
important that students become familiar with digitization

of data during their undergraduate or postgraduate training.

Interaétive on line compéting provides the student
with a capabillty which enables him to carry out sphosti-
ecated mathematical operation with a single key board
display console students can handle problems involving
mathematical wmodels and simulate experiments. Simulation

provides rich experience in the analysis and presentation
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of data and in making hypothesis. Students readily work
out orbital contours, rotation spectra, theortical NMR
spectra, probability diagrams etc. using the computor.
Even without a detalled knowledge of the mathematiecs
involved "Qualitative® computing involving graphical
display of some aspects of chemistry such as orbital
contours is still very useful. Laboratory equivalent
computer experiments such as aid-base titrations or gas
laws are performed in some centres. Computor based
simulation of laboratory problems in gualitative
chemical analysis has been renorted.

Computor animation provides a new insight into
the study of molecular vibrations, inter-molecular
interactions and other complicated processes. Coumputor
animation of reaction pathways provides an understanding
of how reactions occur. Computor assisted instruction (CAI)
has been attempted in many centres with varying degrees
of success. CAI allows individualization of instruction
under the control of a teacher. It takes advantage of
the rapid relrieval capabilities of time sharing computors
operating in a conversational node and employs specially
constructed languages to develop programmes that can
conduct a rich dizlogue with a $tudernt. The logic
of the dialogue is contained within the control words in
the language. The terminals on which students obtain CAI
can be located angiwvhere. CAI has been used to manipulate
experimental data simulate experiments and to provide

remedial or drill programmes at various levels of
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undergraduate education,

Computor assisted instruetion in the physical
chenistry laboratory has been found quite satisfactory
and somewhat superior to conventional or programmed
instruction. Chemical reaction stolchiomatry, instrumental
analysis and radiochemistry have been taught through CAI.
CAI in organic chemlstry has been guite successfuls
organic reaction qualitative analysis and organic
synthegis have been incorporated in such programes.,
In CAI in organiec chemistry the declsions and actions of
the students controlled the progress and the students

were directly involved participants.

In spite of the varilety of experiments in CAI,
the revolution in the classroom predicted by its staunch
proponents has yet to take place. There is still
considerable scepticism anong teachers as to the future
role of computors in education. Industrial forms with
competence in CAI seem to be adopting a wait & see
attitude before a developing the products any further.
Some have gxpressed the fear that ccmputor aided
instruction may bzcome mere programmed instruction
unless considerable care is exercised. The following
guidelines are suggested to be kept in wind vwhile
employing CAI. (a) built in provision for teacher student
interaction (b) opportunity for the student to exercise
his oun initiative and possible computor recognition of
the initiative (¢) possibility of slightly different

responses for the same input.
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Cavin & Lagowski (1978) in thelr study concluded
that the students in simulation groups gererally achieved
as vell er as better than students in the laboratory groups,
the possibality of using a simulated experiment in place
of a laboratory experiment in some instances in a college
chemistry laboratory, as was previously indlcated for

high school laboratories is supported.

The hest use of a simulaation to teach a procedure
with an instrument would be as an introduction in which
the students could become familiar with imporsant
procedural steps, some of which may be overlooked in
the laboratory since it is usually impessible for the
laboratory instructor to drill each student individually

on instrumeny use,

The comparison of scoreé showing possible interaction
on tests in two groups is in agreement with previous
results at the elementary level indicating that computer
simulated experiment may be especlally useful for low~
aptitude students, both as laboratory expriment substitute
and ag a supplement while still being a satisfactory

means of instruction for higher aptitude students.

Moore, suich & Lvner (1980) argues that

Interactive instruction provided by ChAI*appears to

* CAT stands for Computor Assisted Instruction.
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significantly facilitate laboratory performance in
situations vhere students must understand the operations
well enough to interpret inbermediate results and to
decide alteraative actions based on these interpretations.
If the laboratory is so highly structured that the student
is able to »perate without understanding what is happening
no advantage is likely to be seen in using interactive

instructional materizls.

Starkey & Kieper (1983) claims that the objective
of pre-laboratory quiz system is to help optimize
each student's educaticnal experience and safety in the
laboratory by assuring that students come to the
laberatory sesslons ad@quately prepared. He further
. concluded that an adequate laboratory premaration should
improve a students understanding of and sfficiency in
perforﬁing the laboratory experiments and in addition
increase laboratory safety. Anxiety towards the laboratory
shéulﬁ be reduced when students know they are adequrtely

prepared before coming to the laboratory session,

Jones (1980) showed that pre-laberatory Video-tapes
are most helpful when they deseribe the steps in a
procedure with which the student is most likely to need
instruction when they shovw the stimuli indicative of
correct performance and when they include magnified views
not practical in a class room demonstration. In all
cases the successful videotape presentation are the simvle

ones vwhich exclude irrelevent materizls,
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Wise (1984) in his study asserted that

(2) Both pre~laboratory and post-laboratory micro-
computor simulation strategies result in higher student
achievement than conventicnal laboratory instruction.
This difference occurs on achlevement above the knowledge
level, While each of the instructional strategies employed
in this investigation results poslitive student attitudeé.

Pre-laboratory sinulation or conventional laboratory

instruction produce the most postive zttitudes.

b) Higher aptitude level students out-achieve lower

aptitude level students.

c) The effects of the alternative instructional

stretegies are consistent across aptitude levels.,

ad) Student engagement does not diffep across the

instructional stretegies investigated.

e) The micro-computor simulation strategles are
useful in extending the total instructional time devoted

to a set of objective.

£) Miero computor laboratory simulation can be
successfully implementated in the class room from the stand
points of practicality, equipment requirements and software

production.

Ploeger(1982) in his study argues that a computor
programme simulation was effectlve in teaching science

class room laboratory safety to preservice teachers.



The study also demonstrated that the subjects transferred
the ability to correctly recognize and prioritize safety
hazards in another simulated science class yoom laboratory

settings.

David (1982) in his study asserts that:
a) Simulation were as effective as, but not significantly
more effective than the "live lsboratory experiments in

improving student skills in genetics analysis.

b) Simulation can be used very effectively as a
back~up system in case "Live" experiments can ﬁot be
performed. PFinally this study suggests that further
research should be conducted on the effectiveness of
computor simulations with students who are taking cowr ses

that are comnpressed into shert time spans.

Bobbert (1983) in his study concluded that different
interactive computor simulaﬁed experiences vere as
effective an instructioml actiﬁity as éctual laboraﬁory
experience for the subject mateéial tested. TFor the
Beyles gas law experiment, students who did both laboratory
work and experienced the computor simulation scored
significantly better on their post test than those who
experienced only the laboratory or only the computor
activities. No statistically significant difference
wasvshown botwesn those who @id % only the laboratory

work and those who éid only the computor simulation.
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In an attitude survey most of the students considered
the interactive computor simulated exercises as an
acceptable 1earping methodology and over half
expressed a desire for more of these activities in

future laboratory work.

Choi (1985) in his study asserted that computor
simulated experiences could be used in place of hands
on laboratory experiences with an expectation of equal
performance levels by students in approximately one half
the time required for the hands on laboratory experiences
when covering certain topics in secondary school science.
Another impllcatlon of this study was that a computor
programme could be used to replace more expensive instru-
mentation or materials in many traditionsl hands on
laboratory experiments. Computor simulation in science

education could be efficlient and cost effective as well,

Television Laboragogx Instruction
Driscoll (1974) in his study argues that:

a) The hypotheslis that a general education student
can gain an appreclation of the experimental nature of
chemistry seems to have been achieved to at least to some

degree.

b) The hypothesis that a general education student
can be developed to create a favourable response by the

student while maintaining a standard level of sphostication
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in an academic content in the course also seem to have
been achieved. The evidence for this is the content
evaluation by the panel of experts and the appraisal by

the course instructors.

c) The hypothesis that there would not have been
any significant difference in achievement as measured
by chemistry tests between groups that were exposed to
the tapes and the groups that were not was validated
by "t" test results. ‘

4d) The results of this study tend to support the
contention that instructlonal qguality can be continually
improved. Continuing feed back from different sources
in this study demonstrated in a quantitative way that
quality can be improved and would imply that higher
level of performance could continue with each of this

type of analysis.

e) Although this study did not include an ahalysis. .
of laboratory skills, the experience with the laboratory
sheets seems to indicate that the students vicariously
prodesded through the usual steps of the inductive

approach.

) The experience of this study suggests that teaching
improvement can be enhanced by analysis of teacher
performance using the approaches suggested here which are

ginilar to micro-teaching.



Ganz (1979) in his study asserts thmt the
adcition of television, as a substitute for an audio-
tutorial presentation, does not justifiably improve
the performance of the students in the laboratory nor
does it appreciably affecte their desire to use that

laboratory, as measured by their attitudes.

Kaplan (1982) claims that boys and girls already
interested in investigative science responded positively
to role nmodels. Second, girls who exhibited
masculine traits and percelved masculine traits less
stereo typically were more receptive to female role models.
Third, although boys and girls liked same sex models
appeal of and attitude towards female models diminighed
from beglinning to end questioning the effectivenaess of
these selected role models. Reasons were related to
appealing and non-appealing aspects of personality verbalizati-

ons, appearence and behaviour/activity.

Therefore if role models are to be the vehlcles
to interest more girls in science, careful attention needs
to be focussed on prsonal qualities of the role models.
Furthermore, understanding more about the target population
of boys and girls, their initial interest in lnvestigative
sciences, sex role sterotyres and other attributes would

lend to greater effectiveness of female role models.



149

Video tape casettes assisted laboratory instruction

Sherwood & Gobel (1980) asserted that the use

of audio tapped problem solving sessions appears to be

an effective method for discovering how subjects solve
problems. The use of pre~designed behaviour classifi-
cation scheme, such as the one employed in this study,
makes posslble the discovery of problem solving behaviours
and strategies of individuals and groups. Statistiecal
analysis of these data can provide evidence of the common
problem strategles used for different types of problems

by subjects who are already effective problem solvers.

Two further lines of investigation in this area
of effective problem solving are currently being pursued.
An ana2lysis of the behaviours and strategies used by
non-successful problem solvers group in this group is
being studied is being conducted in an attempt to discover
the specific deficiencies represented. 1In addition
we are investigating instructional methods and materials
that might be used to make the non-successful problem solvers

group more effective problem solvers.

Ferraro (1983) finds that one of the most frustrating

experiences for a student vho arrives for the first time



in chemistry laboratory is being faced with new

instruments and leboratory techniques that he or she has
never dealt with before. Furthermore typically the only
introduction to the laboratory is through the prior reading
of book and/or a brief explanation by an instructor at the
beginning of the laboratory. The purpose of this project .
reported here was to provide a Video-llbrary related to
laboratory instrumentation and techniques which would
agsist the new student in learning these techniques and to
make his/ker first contact with them in the laboratory less
disappointing.

- In General students feel that the tapes have signi-
ficantly improved thelr effectiveness in the laboratory
because they can work with more speed more confidence
and vwith less help of the instructor. Specifically 98%
state that the programme have been at least useful or very
useful, 65% think that the tapes are very well realised
and 35% that they are well realized and 90% agree that
the project should be extended to a larger number of

programmes.,

Evams (1979} concluded that no significant
differences in gultiple choice measures of knowledge
comnrehension, or application scores as a function of
different orders of presentation of or different levels
of discrepency for a video-taped demondtration of an

experiment in science,



Rivero (198%:) argues that data obtained from
the "attitude" guestionaire indicated superiroity
of the aundio-tutorizl method in the areas of student
motivation and involvement and use of reinforcement
strategies. Students alSo benefitted from preciseness
of the instruction, proéedures and accommodation to perform
individually. |

Filmed (¥xperiments) Instruction

‘Zevi, Hofsteln, Samuel & Kemps (19%6) in their

study asserted that excepting the manipulative skill
area film loops showing experimental situatioﬁs are an
effective substitute for studgn;s indlvidual lsboratory
vork in that they do_hbt effect adversely cognitive or
laboratory based problem solving achlevement. In the
area of routine manigulative skills, direct gxgerience'of
laboratory warkﬂobviouslyigeads to~alhigher ﬁgrférmancg
level but the relative advantage gained by éxpe;imental
group students over film group students is small and
points strongly to the potential of filmed experiment§

as means of teaching manipulative skills,

In the light of the present study, the conclusién
is justified that well designed films or film loops are
a viable alternative so student based laboratory work,
especially in situations where as the result of adminis~

trative, economic or time problems, z truly laboratory
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oriented approach to chemical Education is not readily

implementad, ~

Zevi, Nofstein, Samuel and Kempa (1976) in thelr
study argued that the results indicate that the two
approacheé are equally effective in termms of the cognitive
and to a2 considerable extent psychomotor ounteomes, resulting
from them it is clear from the present data that this
does not apply to students perceptions of the approaches
and their liking for them. Students'réte the educational
value of the medium based approach to laboratory work
as being distincitvely less than that of personalized
experimental work, likewise they give a low preference
oprder to filmed experiments among different modes of

instruction experienced by them.

The results of this study confirm and to Some
degree extend the findings of other workers who have
reported similar abtitudnal effects to be associated
with film & T.V. teaching. Thefe clearly exists a
probiem concerning the long term acceptability of a medium
based approach to teaching, even if this is employed in
‘only a limited secbion of Students total edueational
experiences. lHowever findings of this nature reached in
‘comparison with "conventional” teaching approaches
should not be used to judge medium based approaches too.
harshly. The authors are convineced that they have a great

deal to offer, egpecially in situations vhere the



implementation of “conventional™ approaches proves

difficult or impossible for whatever reason may exist.

Photo Micrography

Ali (19%4) in his study argues that group I
students taught by lectures with vhoto micro-graphy used
as an adjunct to the laboratory attained the highest
post-test mean score, Group II students taught by
leetures with laboratory came néxt on the post-test méﬁn\
score. Group ITI students taught by lectures alone obtaiﬁed
the least post-test mean scores. The data indicates
that the differences in performance demonstrated by the
three student groups of this study was not due to chance
but was an outcome of the mierobiology teaching learning
they expected. 94% of Group I students expressed the
feeling that photomicgography used as an adjunct to fhe
Irxazb laboratory was most motivational teaching-learning
mode for micro-biology whgn coupared to laboratory or
lecture mode of instruction, 874 of group III students
perceived lectures as boring and non-motivational
teaching learning mede for the study of wicrobiology.
Group I1 stqdents came next on the response. The wotiva-
tional jndices were 0.81, 0.52 & 0.13. There waé no
difference betvween the three modes of instruction in the
use of scheduled time {actual teaching time). Efficiencies

in three modes of instruetion were same,
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The cost of introducing ané photomicrography
teaching technigue was the most expensive teaching mode

compared to laboratory or lecture teaching mode.

Colour photographs

A}

Tarcza (1958) in his study asserted that the
incorvpordtion of colour photographs into laboratory guides
did not enable students to perceive as less difficult the
setting up and performing of physical science experiments,
However in complex task requiring much infbfmation, students
with colour photographs tended to seek less asssistance
from an instructor. Also in some eXneriments students

with previews tended to form fewer partnerships.

Modular System

Howard (1980) arg&es that students in clinical micro-
biclogy frequently experience problems in imtegrating
didactic information with practical labprétory experience.
It is aifficult to conceptuai@ze long text book descriptions
of morphological and biochemical characterstic of insects.
As a result students may not be sble to apply the material
to clinical laboratory situations. This disgertatian
addresses this problem thfouéh a series of modules or
anto~tutorial curriculum packages in clinical micro-bitogy
and development of laboratory skills.
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Clinical reasoning

Heller (1980) asserts that the tutors ability to
diagnose student deficiencies varied as a function of
the specific subject matter that was the focus of
interaction. Rendering a correct diagnosis did not
alvays eliminate the students deficiencies. Student
opinion data showed that these tutors were well liked
and appreciated even by thosge students who continued to

exhibit knowledge deficiencies;

% The data suggest that valid representation of
the tutors models of course chemistry knovwledge were
developed and that the reports by the tutors during
stimulated recall are probably a combination of aecurate

recall and post~hoc reconstructive exvlanations.

Anderson (1984) asserted that there has always
been an emphasis on theortical knowledge and
technical skills in developing competency in a clinieal
science laboratory curriculum. Blements of the effective
domain such as attitudes, values, feelings and emotions
have teen overlooked. We continue to allow students to
learn most of their attitudes through a latent cudkriculum
priwarily through role wodels. Attitudes are an integral
part of the clinical laboratory science profession.
Competent professional practice integrates the cognitive,

psychomotor and affective domains. If any more component

t
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that makes up competency is deficient or inadequate,

the gquality of practica would be diminished.

The goal of the intervsntion vwvas to zddress the
effective domain and thereby develop a professiorsl atti-
tude in the student. It was anticipated that the
freguency of errors cccuring during the performance of
lahoratory determi-nations would decrease as a resuilt of
intervention vhen compared to a base line ervor rate esta-
blished by the control group. A multivariabe aralysis
technique was employed to analyze the data from the
diagnostic test results. This analysis yielded a "p"
level of 0470 for the treatwent effect. Since the alpha
vas present at 0,05, the null bypothesis that stated that no

difference existed between the ﬁreatment and control

groups # was not rejected.

Arnold (197%) in his study concluded that in
general the results of his study agree with reported
literature that relatlive to educational methods,
there 1s need for change, possibly a change towards
individualized instruction. However extensive

research should precede any such change.
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Case (1980) ampgued that 3

a) Individualized laboratory instruction had a
positive effect on initial enxolliment,

b) Individualized laboratory instruction increased
the retention of students.

c) Individualized instruction improved students

achievement,

(vI) Factors Affecting Laboratory Skills

Let us exanine the factors which affects the
develorment and retention of laboratory skills.

Keeves (1975) asserted that achievement and
attitudes are inter-related. Those components of attitudes
which have been measured in this ingquiry are strong and
are largely independent of achievement. In seeking
to identify the major forces in the educational enviromments of
the home, the class rmoom, and the pear group that influence
final perfommance, after allowance has been made for initlal
performance, it is necessary to bear in mind these relation-
ships between achievenent and attitude., It is important to
vremgnize that some envirormental factors are malleable and
open to deliberate modifications while others are not,

We f£ind that the antecedant conditions . - - - -
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are strongly related to the structure, attitudes and
processes of the home. The nitial achievement and attitude
of the student as well as sex of the student influénce

in part the attitude and practices of the home in which the
student lives. The attitudes and ambitions of the pardnts
for the students although dependent on the past performance
contribute to the final level of achievement in

science. Home practices including relationship between

the nome and school etc. make significant contributions to
the achievement in sclence. The clustering together of
factors influencing the performance of the student at

aschool and suggest that changing any ® one factor may not
produce a marked factor, but where more educative environments
are established in the home, the clsss room, and the

peer group., the cumulative effects may be substantial.

Mathis (1977) argued that it is important to
carefully select for linclusion in the g% curriculum
tnose products which (1) create student interest (2)
Maximize process skill development (3) provide a frame work
for future learning and (%) heve practiecal application

in a wide variety of work situations and &t home,

In justifying vocationzl curricula, a great stress

is placed on the value of practical knowledge ani skills.
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The rationale emphasizing the practical usefulness of
vocational studies has strong appeal in today's prasmatic
society. It is not inconceivable therefore, that studles
presently considered vocational may in future be regarded
as general education subjects znd a cdnsequenée be

accorded a more fundamental role in the overall curriculum.

Erikson G.I. & Erikson LsI. (1984) conciuded that
boys outscore on ltems which test understanding of
scientific knowledge and application of such knowledge.
This is speclally evident on the physical science but
only barely so in the blological sciences. In the area of
process and processes skllls which included items testing
understanding &f the logle of scientific reasoning there
were no sex differences. Enrolment pattern in the senior
sclence courses had a very limited effect upon the difference
in performance between the sexes. Evidence for biological
position is as yet weak and that at best a biological
interpretation is cm incomplete. Soclo=cultural factors
are vorking to give boys an early experimental advantage
- in many science areas. Evidence for the experimental
hypothesis was not only drawn from the fact that sex-
related differences In science scores are apparent before

the age at which the spatial abllities differences are
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generally recorded but it wae also illustrated in a
nunber of individual ltems which test knowledge in areas
more typically encountered in a boys sphere of experience.
We conclude from this analysis that the soclologlcal
interpretation had greater educational potential. In the
long run the most éffective approach to the problem of
girls’and science is not to regard girls as a special
{inferior) sPecies'Qf the learner in scienece but to
acknovwledge the rﬁle of experience in learning in

science class rooms and to develop means to compensate

girls for their lack of experience.

Type of School & Home

Stronck (1974) asserts that the data supports the
hypothesis that ‘specialised science teachers typically
found in larger schools do provide better instruction
than that vhich can be provided in small schools. The
employment of the head of the household in which the
student lives sometimes is related to achlevement of
the students. If the head of the household has had
the means of education, training required to become a
professional, the student will probably have high achieve~-
ment. On the other hand if the head of the house-hold
is unskilled or employed outdoors the student will probably
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will have poor achievement on the science test.
An environment of the scholarship in the home certainiy

favours high scores.

Lo, Lamfat :(1982) asserted that vhile majority of the
selected student and teacher variables significantly
influenced science achieveuwent, none of the selected

home back ground variables were significant,

School Activities

Doran & Sellers (1978) asserts that by way of divergent
open ended laboratory experiences students are allowed
the freedom to manipulate, explore and concentrate on
the materials that capture their imagination. As the
students are actively involved 1ln a decision waking
process, thelr learning becomes self-appropriated.
Kz?wledgg and information gained in such a situétion is
meaningful in that the students have part of themselves
riding on the outcome of the experience.

Science Museum

Flexer & Borun (1984) argued that the particular
strength of the secience Museum ezhibit lies in tﬁe
affective domain. Students found the exhibits much more
enjoyable, interesting and motivational than a class room

lessonl They can be assurfed that the museums experience
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will stimulate an interest in learning science concepts

by presenting them in a manner that students find exciting.
Secience Museum by providing exhibits which generate
enthusiasm for and interest in learning science can

serve as a valuable adjunct to formal science eduecation.

Placa of Scientific Interest

Koram, Longino, & Shafer (1983) in their study
concluded that Natural history museums, science eentres,
zoos and Aquaria cqntribhte considerably to out of school
experiences for vi%@ors of a1l ages and characterstics,
With birth rates and school age populations declining, it
is likely that people will be looking to these sebtings
for resﬁ, recreations stimulation and learning. Secience
educators can play a leadership role in research, develop-
nent and in utilization of these settings to achieve :
learning and motivational objectives which suppogt, supplement
and extend school science learning. But what is the
current "state of Art" in this area. This article

- reviews relevant past studies, proposes a taxonomy of
exhibits in museum settings and focuses attention on
facotrs vhich should be consiéered whnen studying learning
in tﬁ%e settings. In additibn it presents some potentially
productive methods of conceptualizing research and suggests

possible future lines of research for the science education. -
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Séclo-Economic Status

Praser (1980) in his study concluded that gince -
sccio economic status was measured In the present research
solely in terms of parental occupatlion, the observed magni-
tudes of correlation should be viewed as lower bounds to
estimates 1likely to emerge in research employing multiple
indicators of socio economic status (e.g. Parental Income,
education, attitude towards school and aspiration for
the child's education). Conseqguently the rélationship
between socio=-ecconomic status and enquiry skill proficiency
found in this study should be sufficiently strong to
cause fome concern among science teachers. In particular
since low proficiency at certain enquiry skills (using
reference materials, interpreting graphical information)
could restrict students ability to benefit from science
learning experiences. It 15 possible that the lower levels
of enquiry skill proficiency among students of lower socilo
economic status ultimately could hamper progress towards
achleving other aims of science education, Fortunately
hovwever enquiry skills can be directly taught to students
who have been diagnosed (perhaps through use of an instrument
like the test of Enguiry skills) as having lov levels of
enquiry skills proficiency. Therefore by conciously
striving to overcome enquiry skill deficiencies science

teachers nmight be able to enahcne achievement of other
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aims among students of 1ow socio economic status.

Effect of Sex

Squires (1977) concluded that verbal abilities
of girls is generally better than the boys ability according
to the research done in the area. The science problem
solving in this study was in verbal form. It has been
further shown that verbal skills make a difference on
verbal problem solving. This study 'supports this finding.
It 1s concluded that verbal skills (reading ability)
caused ?he results of the science problem solving scores

of the females to be higher than the scores of the males,

Donovan (1982) concluded that (a) Eighth grade
science teachers as sex role models d4id not enhance
Science Education career interests of their students and
(b) Eighth grade girls Science Educatlon career interests
vere not influenceahby science teacher sex or teaching

effectiveness

Cognitive Style

Cognitive styles had significant variance in this
study, that is the field independent were significantly
higher in science problem solving than the field dependent
subjects, but there was no correlation with any of the

other variables that was significant.
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Therefore 1t must be concluded that for study
cognitive styles was not a factor in secience problem

solving.

Beane (1977) argues that interaction between
the mastery needs, work orientation ané competitiveness
aspects of achievement motivation were found to strongly
affect criterion performance, suggesting the need to view
achievement motivation as a multi dimensional constellation
of traits. High levels of competitiveness were found
generally to suppress performance. This finding was discussed
in terms of the effects of high competitiveness on scilentific

reseqrch behaviours.

Only two life history variables, social status and
social competency related strongly to the criteria with
high performing scientists coming from less affulent back-
grounds and being more soclally introverted during
adolescence. Prior aeademic performance was unrelated
to the criteria with regard to relationship among
predictors. MHasculnity was found to be negatively
related to soclal status and postively related to social
competency and academic performance during adolescence.
Feninity was related only to Social competency, with
highly feminine scientists reporting higher social
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coupetency durlng adolescene. Social status was found

to be negatively related with achlevement motivation

with highly competitive indivdéidusls coming from less
affulent backgrounGs. Social competence and academic perfor-
mance during adolscence uwere generally positively

related to the achievepent motivation factors but there
was a lack of relationship between the parental murturence
variables and later achievement motivation. One possible
explanation for this was advanced in that since the-
scientists seored subsetantially higher on achievement
measures than a comparison group of undergraduates, they
represent the higher end of an achlevement motlvation

distribubion making relations harder to identify,

Masculinity wvas consistently related in a positive
fasion to all the ad ievement factors, although faminity
was related only bto personnel concern, Thils finding was
discussed in terms of the types of achiievement behaviours

reguired of academic sclentists.

Regression analysis on the scientific attaimment
criterion using a pool of life history and personality
items, yielded a multiple R of 0,40 accounting for 164

of the eriterion variance.

Maceurdy (1979) asserted that there are over
100 items that build the potrait of the superior science

student. The potrait is a complicated one, so each
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general category of the potralt has been reduced to a few
general characteristics. These have been developed by
combining and consolidating several items in the cate=-

gory to a single gquality (personality, Attitudes and
orinions, Interesis, Activities, Family history, Associates,

Secience teacher, Decision to be scientists and review).

Taitt (1981) argued that in the last centurary,
scientific technology has played & major paft in ‘
altering the way of life for the persons in the United
States. The need for more persons with a knovledge of
this technology is growing rapidly. The job of traininé ‘
these persong rests mainly with the colleges and univer-

sities, across the couniry.

dobby Influence

The conecept of hobby oriented physics experiences
involves couF&ing the higbh motivation present with hobbies
%o the concepls of physiés that the teacher wishes to
present. Recommendatlons for introducing this concept
into an existing class are included along with suggestions
for creating physics individualized experience (P.I.E.)
which €1d in the transition for teacher oriented to

student oriented learning.
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Laboratory Instruction gHandicangedz

Linn {1979) argues that communicatién skill
might be enhanced more in a resource than in a mainstreamed
giturtion., The gsetiviti es can be conducted’with maximun

student interest in and likely student cognitive gain,

Mansfield (1977) finds that general and specific
fingings vere noted for each educational level. There
were statistically signiflcant differences between the
experimentals and conitrols in both multivariate and
univariéte analysis of the data. Soth perceptual ESSW
units and psychomotor ESS units weré found to improve at
least one of the three science skills in scme educational

levals;

There was an increase in the frequency of mean((
verbal expression-scores and the freguency of mean observationg_
made by students. There was a corresponding decrease
in the mean frequency of inference made by students from
primaryl;hrough senior high. 1In combining all educational
levels (primary, Intermediate, Junir high, senior high)
the experimental group displayed a significantly higher
frequency in umean verbal expression and mean observation scores,
There was no significant difference between the experimental
and conirol groups In the mean frequency of inference.,
In general EMR** students exposed to ESS units demonstrated

a higher level of verbal ability.

* ®BSS Stands for Elementary Science Study
* MR Stands for Educable Mentally Retarded.
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Waskoskie (1981) in his study showed that based
upon the work of swiss psychologists'Jean Plaget
researchers have discogered thot upto 504 of college
level students are conecrete operative thinkers. This
means that they must have "hands on"™ experlences to galn
concepts. DBlind students lag behind the sighted
students in their mentzl development as much as 8 years.
This means they remain concrete operational thinkers
for longer periods of time than the sighted students.
Blind students therefore need concrete experiences %o

gain concepts,

The results of the laboratory sequence, however
strongly suggest thst the mutually reinforeing combination
of verbal interpretation and explanation along with the
actual experience offered by the models ond specimen
produce the ldeal environment in which to have hands on
concrete experiences. The laboratory session in an
introductory biology course need not be vicarious

experience for blind students,

(VII) Evaluation of Chemistry Ieboratory Instruction

Taking the issue of evaluation of laboratory

instruction, let us exanine the relevant literature.

Lofstein, Gulzman, Zevi & Samuel (1980) in their

study argued that the laboratory is a democratic and
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satisfying envirorment in which students ean work and
learn freely and less competitively. Most of their
learning is based on lnformation obfained.from laboratory
activities which might be a difficult task. They leamn

in small sizg»classes. Students found their learning
enviromment less difficult because students were better
aﬁle to conceal low personal productivity. Competitives
ness can lead to high anxiety, extreme vivacity and
hostility and feelings of fallure and isolation. Under
certain classroom environmental, situation the competition
between students appears’to g¢iminish. It ufzk further
‘argued that "We are already facing a trend in which

there is a retreat from student ceniered science activities
resulting in a decline of time and experience in the
science laboratory™. One of the reasons for this tregd may
well be the failure of existing research studies to support
the value of laboratory vork as a medium for effective
learning. The laboratory is an important vehicle for
influencing students perceptions of their learning

environment.

Doran (1978) <ins his gudy asserted that the relative
stress on manual skill development in secience programre s
is still a moot question. EBach science teacher will
differ in the emphasis he gives to the students equipmént
manipulation and laboratory technique. HResearch into

" psychomotor aspecte of science laboratory objective is
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woefully lacking. There are presently no universally
accepted criteria for describing a -students science
laboratory skills. It further conciudes that major
problem is "to find vways of developing much more detalled
ané’pfecise specificétions than have hereto force been
attempted of the behaviours that the student is to attain,
These specificatlions would also delineate the prerequisite
behaviours leading to the desired criterion beﬁgviour

gx so that the student who has not attained wastery may

be given soundly based guidance.

Further study and anzlysis of psychomotor behaviours
in science education will likely have a postive impact on
curriculum instruction and evaluation.,jlnquiry into tﬁis
concern should stimulate more philosophicalvand

emperical investigation.

Caniel & Hofstein (1982) in their study concluded
that practical examination have sever drawbacks if they
are used only on speclall occasions such as In final
examinatlon. Furthermore practical examination in which
the assessment is based on clearly defined criteria are
not very useful, since their outcome will be greately
influenced by personal preferences and biases of the

rarticular examiner.
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It was found that by using the assessment scheme

the assessment cf laboratory was greatly improved both in

precigion and in objectivity. This can alsc be used during

the class throughout sessilon.

24

Assessment Test

Constructs the Experimental set up and other
Manipulative Skilis (15%).

Identifies the components of an experimental set up,

from a schematlc diagran.

constructs the experimental set up according to

a sheeme or to instruction.

Use the correct equipment for each measurement or

obhservation,

Overcomes simple malfunction of equipment.

Observing and Measurement (25%)

reads the instruments correctly (scale parallex ete).
performs observations and Measurcments correctly.

records the results (of observation and measurement)

clearly.

Ordering and Organizing work (10743

adrranges the eguipment on the bench in an orderly

manner. T

keeps tidy and orderly rewmrds in the note-book.
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Cbserves safety regulations.
Completes the prescribed task in the time allotted.
Concentrates on his work and does not disturb

his fellouw students.

Organizing & processing Data (25%9) including grapb.

processes the results of observation correctly.
Organices tables of uecasured data el{iclently and
clearly.

records results of measurement with correet units
and significant gdigitse.

Conssihots gravhs correctly (scales, mark date
poines In coordinate aystem, beast line through
data points).,

cbtains numerical values fr.m graphs,

cnooses correct formula for czleulatbing unknown
variables.

substitutes data correctly in formulz.

performs computations correckly. .

-
Drawing Conclusinns aud Criticel discussion (25%

Understands the objectives of an experiment

and connections between ther and the experimental
procedure of iis executicn.

decides hovW many wmeasuraments are necessary in order

to find relations between varizbles.
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- Identifies the shape of a graph and uses it to

find a functional dependence between variables.

- discovers and identifies reasons for illogical
results,
- Identifies reasons for improper performance of an

experimental system,
- unflerstands the iimitations of an experiment
and tries to find ways for iaprovement.
- formulates new assemptions in view of axperimental

results.

Kyle, Feunick & Shymensky (1979} shows that the
college level studenis are performing cook-bocox like
laboratories snd thet students are not learning the process
skills of science but are learaing aboulb sfience,

The idea is further cecinferced by the amount of time
stulents spent listsning. The amount of btime students
spent transmitbing information differed among the five
science displines. The nature of activities confronting
studants in college scleace lzboratories ars more direetly
related to confirming facts and theories and gathéring
"oorpect" scientific data rather then Lthe broader
investipation of nature through exploring inguiry,

testing and oxplaninng. This conterntlon is further

reinforced by the amount of time which students spent



171

reading and writing in GChe science laboratories. 1In
nearly one thiré of the laboratories observed, this
combined frequency of reading and writing occured wmore
freguently than what is usually considered the primary
objective of seclence leboratories experiwmenting. -Instructor
behaviour is also important. Laboratories are wnigue

in tkat they can have students doing science as an
investigative act instead of nmerely learning abouk
science. Students should be learning skills necessary
for advanced znt independent learning in seience.

Before educators can accomplish the ﬁonumental task of
knowing the behaviours and interactions vwhich are egsential
component of the sclenee laboratery must be observed,
analyzed and researcned. College instructors must be
made awvare of the educational bhackground of students and
tne behaviours which may best influence the acquiring of
knowledge. College Instructors must zlso be aware of
the behaviours they are exnibibing in their lahorabories,
Whean instructors do bocome aware of the behaviours and
interactions whient faciiitate the tgansfer of knouledge,
then rational and objective statements regarding teacher
efféctiveness can pe wade 25 well as an analysis of
which characteristics of iustructor class room and

laboratory behaviour best facilitate meaningful learning.
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Fraser (1980) %= asserted that TOES* can be
nged for moniloring student progress towards
achieving skill aims and assesging entry level skill
proficiency. It could alse be used for providiang information
about the average performance'of groups of students
or the performance of individual s;udenﬁs. It is importart
t0 use skill tests as well as conventioﬁal tests of
content achievement. Different students following individual
raterisls in the same class cover Gifferent conbent,
tests of content free enquiry skills provide a conveaient
way of monitcring student progress or aims which are
appllcable to all students irreSPGGfive of the specific
cortent covered. 1t would be advisable sometimes to
administer 10E3 both as' a pre~test and ag a pbst»test
in order to obtain information about changes in student

- performange,

A major adﬂantage that TOHES has over nrdinary '
achievement Hests is that it ylelds & sepurate score for
a nuber of distinet s%ill aims instead of a simnle
overall score. This makes it possible to obtain a
profile of sikdill performance for each student or group.
An examinacion of aun Individuals perfcermance on individual
Ltems in skills could gnable the diagnosis of deficiences

in specific skills., Lxamination of the average

TOES* Stands for Test ol Baguiry Skills.
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Performanee off a whole c¢lass on individual TOHES items
could lead o the idendification of common skill deficiences

0y

whieh could be overcome through group remedisl instruetion.

Kyle, Pennick and Shymansky (1980) in their study
argue thet the p opportuniiy on the part of students
to counteract freely with laboratory instructors was
unfortunately non-exisient. The faet thaﬁ instructors
initiated intelleclual discourse zo infrequently could
in fact have been an intiwldatling factor resulting
in the low percentage of studenis iublated questions.
It ig apparent however that large amounts of bime which
instructors spend transmitting information is not directly
related to student guesticning or even to follow up dis-
enssion of questlions vosed initially by the instructor.
The cbvious questicn is whether or not colleges and uni-
versities have responded in terms of class room and
lzboratory behaviocur in order bo cccomodate the studente
of a process oriented educatlon ratvher than a fact

oriented education.

Kozme (1982) in his situdy asserts that as for main
effects, ability plays a mejor wmd nobt surpkising role
in student laboratory perfornance and attitudes towards
concent laboratory performance and attitudes towards

content and instructiconal technigue. Prior chemistry
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achievement and anxiety also influence attitudes towards
content. But more important to the teacher designing
instruction for the lsboratory is the role played by
instructional strategies such as stated objectives,
examples, requests, respbnseé, and feed back. These strate-
gies provide the necessary conditiouns for 1éarning and

make a significant contribution to students

understanding, performance and satisfaetion in the labo-
ratory. These benefits occured to students regardless

of individual differences in aptitudes, studentg with high
or low ability, high or low amziety, high or low motivations

learned more from this approach,

A final cautionery comment on these resulis while
the full models explain an acceptable amournt of variance,
the individual effects are rather slight (even though
significant). While this may be anticipated from experi-
ments conducted in real class room situations (where
many variables remain uncontrolled), it argues for further
reinforcement of the experimental treatﬁents examined

and continuabion of research in this area.

Sex Factor

Selim & Sherigley (1983) in their study pointed out
that the Egyptian male and female students had similar
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scores in science attitudes is probably the unique finding’
in this study, a finding difficult to explain as one
superimposes the results of this study over other gender
studies where the male consistently seem to have the ofdge.
One could infer that Egyptian fifth grade females differ
culturally from American females the subjects of most

gender studies. The open and obvious challenge of males

by females observed by the investigator in the Egyptian

class room - a competitive spirit contrasting with the social

relatioriship of males and females.

Egypiians - one generation removed suggesﬁs that
at this point in Egypts social revolution female assertion
may be directly affecting séience»attituae scores. In
other words, a nevw value structure may be developing among
Egyptian females and this could be affecting attitudes as
predicted by attitude change. 0Of course similar results
in many. gender studies at other age levels are necessary
bvefore one can generalise this finding aeross the K-12

spectrum 6f the Eéyptian school population,

Krieger (1982) in his study argues that there sppears
to be no significant difference between the uritten test
scores mean and the LPT* (laboratory performance test)

score mean vhen used to wmeasure very specific skills i.e.

¥

*LPT Stands for Laboratory performance Best).
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the ability to take data from graphs and/or instrument

scales, Because of the problems with meter drift ete.,
the paper-pencil énaiog test may be seen to be\superior'
to the LPT and so is more time and cost effective. The
LPT might be better utilised in measufing other aspects

of the laboratory experience.

Rossihaynes (1983) in thedir study suggests that
experimental problem solving skills tests should be
used. The merit of these instruments lies in their
intellectual utility. There are substantial grounds for
arguing that these instruments provides a better means
to measure the performance of groups of students in
a domzin of central importante to science education than
competing instruments and that they do so at little cost.
The scores from these tests place students on a scale |
of skill competence that éan be 1mmediateiy translated

into instructional aetion.

~ The caution is based on the finding that the
reliability of the tests is less than optimal and that
there are unresolved concerns about validity. These are
serious reservations but they should not overshadow the
valué of the tests to classroom teachers: The final
worth of these instruments dep ends on their value in
class room contexts. Only continued experimentation
in school environments can provide a definiﬁive angwer to

the essential gquestions. Does the information provided
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by the tests assist teachers in providing a more

effective brogramme to students.

Lynch & Ndyetakura (1§83) suggest‘that much more
consideration should be given to the perception of
students as a starting point for curricu;a gvaluation.
Teachers perception of aims would appear in some respects,.
to be misguided or misjudged and when vieéed against
students perceptions lndicabe some m jor mismatches.

The "producers" claim are not in 11ne with the customers
experience. Proponents of neoheurism may be dmsmayed by
sone of the student perceptlons but it is important that
we establish the real nature and orientation of the
learning-eXperiénce and proceed from there rather than
cling to idealized notions. What may be very far removed
from the realify of the situation. If reorientation '
are to be made then teachers, teacher educators and
curriculum developers shou;d be aware of the true
starting point in regard to teacher/pupil perception of

events.

~ Peterson (1977) found that‘specific instruction‘in
scientific inguiry skills and information vas funetionally
sigﬁificant value for these students, and that this group
benefitted from access to concrete materials and problems

along with abstract verbal instructions.
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A structural analysis of scientific inquiry -
behaviour was made using systematic observations of investi=
gative strategies employed by the sclence inquiry group
members. These observations were placed into an overall
framé work of inquiry behaviour. The frame work consisted
kof six transformations or operation rulgs of scientific
investigation. Each transformatlion was deseribed in
five stages of development ranging from lack of operatim

to its most complete expression,

Suchareekul (1979) found that the most significant
implication reported is the IPST training and IPST curricula
were significantly influencing teacher behaviour in the
desired direction which suggests the need for intensifying
the emphasis upon deveioping inquiry teaching skllls among
all teachers. The fact that content validity ws strongly
supported but predictive valiglity was not established led
the investigator to recommend replication of the study
with other population of teachers.

'Ilogue (1984) found that there is no consesus yet
about the usefulness of laboratory activities in science
learning. One reason for this gituation is that there
are no dependable Instruments to measure student's laboratory
skills. This study is an attempt to develop and validate
an instrument that reflects the various types of learning

encountered in the Introductory chemintry laboratory.

IPST* Stands for Inquiry Preference Sclence Test.
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Factor analysis was accomplished with options of
7 factors and 3 factors. The three factor results
confirmed the significance of the task categories. A
majority of the items were significantly related to a
factor consisting primarily of items from thelr task
sub-scales. ANOVA* and regression analysis were
calculated to study the effeets student background variables
on performance in CCSET, Math instruction, sex, high
school chemistry type and Ninth grade seiéhce caused
significant variations in CCSLT performance. The results
supported the claim of construct validity.

Jaboratory Safety

Ekpo ¢1981) in his study has concluded that:-
(a) students should be provided with a background of safety
instruction on the use of the hazardous equipment, toxic
chemicals and body protective equipment to assure

personal safety as well as group safety.

b) That students should evaluate their chemistry
safety practices regularly and actively work towards
reducing laboratory hazards that pose potential dangers,

c) That practising chemistry teachers and administrators
should be educated in chemical laboratory safety to assist
them in carrying out their safety responsibilities.

ANQVA* stands for Analysis of Variance.
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d) That high school adninistrators should deﬁeIOp
and execute in the schools a system of aecident repcrting

and racording.

e) That this study should be replicated to determine
the laboratory safetly practices and needs in other scilence

areas,

£)_ . That high schools with a course in laboratory
safety should maintain liaison with their college bound
graduaues to evaluate thejeffectiveness of their training

in labgratory safety.

g) That chemistry teachers, school administrators and
chemistry students should occasionally assess the present
and future laboratory neecds as a means of minimizing

hazards and ingury.

The module was designed to correct only the weak
laboratory practices as revealed by data from the questionaire
Activities vere included in the following areas
(a) Fumehoods and Ventiliation (b) Chemicalystorage and
Waste disposal (e¢) Safety Equipment and devieces
(d) hazards of laboratory equipment and chemicals and

(@) first aid procedures.

~Singh (1982) asserted that (a) there are significant
differences in the cumulative health hazards scores of
chemicals recommended by the recent editions of chemistry
laboratory manuals (b) There are no significant differences

in the quality or guantity of nealt h hazards of currently
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used chemistry laboratory manuals and comparable manuals
published prior to 1970 (c¢) Chemistry teachers in Ohio
use extremely toxle chemicals in laboratory activities

and have not substituted availadble non-hazardous chemicals.

istening Skills

Barufaldli & Swift (1980) asserted that those
students who posses the requisite agbility are able to
benefit from a science programee that is hands on
activity centred and enquiry oriented with respect to
gains 4in listening skills.

Shymansky, Kyle, Alport (1933) asserted that
(a) Across all curricula students exposed to new science
programnes shou1§f§§2 P greatest gain's In the areas of
process skill development, attitude to science and
achievement (b) Across all curricula overall student
performance scores were observed to be less positive
in studies where teachers reported having recelved

inservice training in the programme,

Jophus (1982) finds that the analysis of the
subjects calculations on the items in the volumeteric
analysis instrument revealed cleven main conceptual
errors (e.g. indiscriminate assumption of 1:1 mole ratio)
made by the subjects. The analysis of manipihtory
gkills of the snbjects revealed that vhile some skills
seemed to be developed other lmportant skills seemed
to be lacking. The analysis of the students understanding
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of concepts involved in acid-base titration revealed
that the concepts of pli and indicator behaviour

were not well undefstood. Themalysis of the approaches
used by the subjectes to calculate the concentration

of the acld solution revealed the two main approaches.

The proportional approach and the formula approach

were used by subjects in their solution.

Bvaluation of Chemistry Iaboratory Skilils

A test of chemistry laboratory skills developed
by chemistry Assoclates of Maryland contains 36 test
items. (15 manipulative test items and 21 paper peneil
test items).

Yanipulative test items numbering fifteen relate
to grading crystals according to sizes recognition of

laborabory equipmeht etc.

Paper pencil tests numbering 21 relate to reading
of volumes, measuring weights, selecting interpreting

graphs etc,

All these test items are of altermate or multiple
choice. The manipulative test items are the specific
tasks to be performed in the laboratory and the answers
to be recorded on the basis of observation caleculations
or concluslons. All these tasks involve the active
participation of students under the controlled laboratory

conditions.
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Some of the testswvailable with Bdueational )

Tegting Service to test the'science process achieve-

ment (thousgh none of them 1s directly related to

achievement 1n laboratory skills in gernal or chemistry

laboratory in particular) are as under:-

1.

2.

3.

5

Interaction sclence curriculum project student
achievement tests: Interaction of Earth and
time by Donald Chancy & Hulda Grokman ¢ 1972
Grades 7-8, Rand Mcnally and Company.

Interaction Science curriculum project student
achievement tasts: Interaction of Man and the
bio-gphere by Donald Chaney, Huldas Grobman,
(1970-71: Grades 7-8, Rand Menally and company.

Interaction Science curriculum Project student
acnievenent tests: Interaction of Matter snd
Energy by Donald Chemey, Lulda Grobman, (196869,
Grade 9, Rand Menally and Company.

Methods and Procedures of Science: An Examination
by John H.Woodburn (1967 Grades 9-12 John
H.Woodburn) .

School Personnel Research and Evaluation Services
speciality Examinations -~ Chemistry, Physilcs
and General Science: 19P-Présent, Grades 16,
School personael Research and Tvaluation Services,

Educational Testing Service,



184

6, Wisconsin Inventory of Sclence Processes by
Milton Pella (1967} Grades 12 and above.
Scientific Literacy Research Centre,

(viiz) Case’Studies of various countries

The National Science Teachers Association of
Auwerica in a positioﬁ statement (1982) “Identifying
goals of science Edﬁcation“ has stated that stuéents
abilities and skills in the laboratory can be assessed
through observations made by teacher to determine how
well students can manipulate a piece of equipment.
Teachers prefer to assess laboratory skills through

laboratory performance tests or practicals.

Hearle (1974) has identified and measured high
school chemistry 1aboratory&in the schools of Maryland
(U.8.A.) Some of the major fihdings of his study were -
1) Students using -JAC* curriculum materials were
found to have a significantly higher level of achievement
in laboratory skills. The kum#Xs levels of achievement
in manupulative skills was higher than in the cognitivé
based skills., The absence of a significant difference
in achievement of laboratory skills in relation to
sex of the student was examined. Explanations were

presented to account for these findings.

*TAC stands for Interdisciplinary Approach to Chemistry.
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The study also revealed a lovw correlation
between the zbility to learn subject matter content
and the ability to iearm either wanipulative or
cognitive based laboratory skills. Again possible
explanations vere prescnted. The study concludes
with recomnendations for fubture studies that could
provide answers to several of the alternate
eﬁplanations presented in discussién of tﬁe findings
of this study. Other recowmendations relate to

questions raised in the literature.

e
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