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Abstract

Changes and developments in thé 2&ntury demand for school leavers who possess$iveesbilities valuable
for personal, social, technological and economiettment. . Many science curriculum documentsragisat
engaging in practical work in science can enhamgiensfic creativity in students. However, the laddwn
procedures in Kenyan secondary school biology malctvork seem to hinder the development of sciienti
creative abilities since they do not allow studdatdesign their investigations. This study hasbeenducted to
examine the effect of Practical Investigation latory approach on scientific creativity amongstnfothree
biology students in Kericho district. Solomon-fddon-equivalent control group design was used instiely.
The population of the study consisted of all fotmet students in the county secondary schools nicha
district. A sample from four schools with a totdl X80 form three students was selected from theuladipn
using purposive random sampling. Two schools wanelomly assigned to experimental groups while thero
two into the control groups. Biology Creativity TE8CT) and Scientific Creativity Test in BiologysCTB)
instruments were developed and validated to asndhair efficacy in the subject area under stutlye BCT
was used during the pretest and consisted of Ssiw@signed in an open ended nature. The SCTB webs us
during posttest and consisted of 15 items alsagdesiiin an open ended nature. The items in thedsts were
derived from the topics of nutrition, transport awblogy. Four null hypotheses were generated esteéd for
this study. Data obtained were analyzed usingttaled ANOVA. The results showed that there wagaiicant
difference in students’ scientific creativity whe®ractical Investigation laboratory approach wasduas
compared to conventional laboratory approach. Tthelysconcluded that Practical Investigation labomat
approach could be used to enhance scientific ergaith biology among secondary school students.
Keywords: Scientific creativity, Practical Investigation, @tave abilities, Biology, Form three

1. Introduction

The teaching and learning of science has severgbpas. However the major purposes for scienceuirtgin
are to enable students to acquire scientific kndgde to develop positive attitude towards sciemzkta acquire
mental and manipulative skills (Maaundu, et.al 2008 addition, in promoting the advancement ofesce
through biology, the teaching and learning of thigject prepares students to think critically amdedop
positive attitudes towards science that enable tteeprovide answers to problems in terms of caugkedfect
rather than non-scientific explanations based oimstor superstition. On the other hand the learifigiology
as well as other science subjects enables leatmersquire cognitive and manipulative skills usefupositive
contribution to the society.

The Kenyan secondary school science curriculuneatives lay emphasis on the development of scientif
creative abilities amongst learners (ROK, 1999)is T because industrial development can only fdkee if
future manpower is trained to think creatively. Keris a country that hopes to be industrializedth®y year
2030, thus the need to develop the creative skibragst our students. In order for all members sbeiety to
fully participate in nation building knowledge ofience is essential (Keraro 2002). The learners tdwe
cleared forth form are expected to have necessagtipal knowledge and skills that they can utilizdife. One
of the significance of learning biology is to desglscientific skills such as observing, identifyiagalyzing and
evaluating (KLB, 2011). These skills are aspectssaéntific creativity which are essential duringlbgy
practical lesson.

Hu and Adey (2002) explained that there is a needdientific creativity in secondary school sciemclucation.
Firstly, ‘doing science’ is far more than either st&ing the existing body of knowledge or followisgt
procedures. It involves going beyond existing kremge and techniques of creating new understanding i
science. Secondly, solving problems in science irega student to explore his/her repertoire, tagime a
variety of routes to a solution and frequently teate novel techniques for a solution. Thus sdientreativity
is worthy of attention in science education so @atoduce students who will either be scientistsmio
understand the way scientists work as part of pefreral understanding of the society. If scientifieativity is
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to become important element in science educatiaeedndary school level then it becomes usefuleteeldp
strategies or intervention programs of enhancing it
Science educators have recognized the importanceafivity in science education and have propasterent
methods and techniques which can improve scientifé@tivity. Most studies have generally used cigmi
aspects to determine scientific creativity of stide Cheng (2004) carried out a study on developimgsics
learning activities to foster scientific creativity Hong Kong and found that using Open-Inquiry Agach can
foster science student’s creative abilities. Otigoroaches that have been established to eliciticity among
students include Creative Problem Solving (CPS)ehby Isaksen et.al (2000) and the Problem-Basadniieg
method by Gallagher (1997). Studies on scientifeeativity in science education conducted in Kenyahe
recent past indicate low levels of scientific cheatabilities amongst the learners (Okere, 1991ekéd 2003,
Okere & Ndeke, 2013). Nevertheless, Bahr et al §208marked that one’s level of creative functignoan be
enhanced. However, Byrne (2005) pointed out thigtribt known to what extent an individual’'s alyilib create
can be enhanced. Some studies done in Kenya hdieted that some appropriate instructional sjiate
when used enhance scientific creativity among stisdé\ study done by Abuto (2005) to investigdte éffect
of Concept Mapping teaching strategy on scientifieativity indicated a significant effect on perfance in
scientific creative abilities by high school phystudents. This study aimed at determining whether
incorporation of Practical Investigation in labangt activities would enhance scientific creativilgnongst
secondary school biology students in Kericho distiKenya.
2. Resear ch hypotheses
The following research hypotheses were generatédested for this study:

i. There is no significant difference on studentsxifidity in reasoning between the students subpbtte

Practical Investigation and those not exposed to it

ii. There is no significant difference on students’ligbito be sensitive to sources of errors in an
experiment and control variables between the stsdaibjected to Practical Investigation and thaxe n
exposed to it.

iii. There isno significant difference on students’ ability ttamp for scientific investigation between the
students subjected to Practical Investigation aondd not exposed to it.

iv. There is no significant difference on students’ligbito recognize relationship between general
observations and scientific concepts between tidests subjected to Practical Investigation andeho
not subjected to it.

2.1 Creativity

Creativity is a complex and diverse constructslhard to define because creativity is found imgdemain of
human activity (Clegg, 2008). According to Getzedalackson (1962) creativity is the ability to pwod
multiple, unique and elaborate solutions to prolsi¢hat can be solved in more than one way. Thssiported
by Guilford’s theory of divergent thinking whicheuivs creativity as the process of looking for ideasolutions
to problems. Isaksen .et. al (2000) defined crastivith an emphasis on the importance of balanesvben
creative and critical thinking during effective ptem solving and decision-making. They looked aatvity as
the ability to generate ideas and as an open eadoror search for ideas in which one generatesyndeas
(fluency) and unusual or novel ideas (originality).

Boden (1998) defined creativity as a person’'s gbilo come up with new ideas that are surprising ye
intelligible and also valuable in some wajccording to him, those programs that encouraga-gkneration
such as, brainstorming, mind mapping, check listingestigation and creative dramatics are likelyehhance
scientific creativity amongst learners. The humaimng is creative in a specific field (Liang, 200Br instance
while an individual is creative in chemistry hestre may not be creative in painting. Therefors igénerally
necessary to distinguish scientific creativity froreativity.

2.2 Scientific creativity

The concept of creativity is very broad hence thmu$ of this research has been narrowed to séeatéativity.
Laius et al (2008) defined scientific creativity #e teaching and learning processes based onnigouy
problems and discrepancies in accepted conteritingat things in different ways, making unexpeclieds
among apparently discrepant elements of informadiwh developing one’s own solutions to scientificljems
and similar processes, rather than simply memayipimescribed content. On the other hand Hu and A2i@92)
explain that scientific creativity is a kind of @tiiectual ability that depends on scientific knosde and skills.
They argued that scientific creativity is differdram other creativity since it is concerned witleative science
experiments, creative scientific problem findingdasolving, and creative science activity. While ading to
(Heller, 2007) he defined scientific creativity as individual and social capacity for solving compkcientific
and technical problems in an innovative and prddeavay. That it is a kind of ability that deperals scientific
knowledge and skills. It should be a combinatiostatic structure and developmental structure énséimse that
an adolescent and a mature scientist have the basie mental structure of scientific creativity Itit of the
later is more developed. Dass (2004) pointed aaitgbientific creativity can be considered to hetpieve new
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and original steps in performing the targets oéisce. He defined scientific creativity as compreatieg new
ideas and concepts added to scientific knowledgendlating new theories in science, finding newezkpents
presenting the natural laws, recognizing new reaguygproperties of scientific research, and givihg scientific
activity plans and projects originality.
In this study, scientific creativity has been takemrmean an innate ability which is latent in alhtan beings in
varying degrees and that every person has the itap&c be creative when provided with appropriate
experiences and opportunities. This is becausatffatecreativity has been found to be an educalié rather
than a comprehension endowment (Dass 2004).
2.3 Measures of Scientific Creativity in relation to Science Education
Torrance (1990) considered fluency, flexibility,iginality and elaboration as central features afativity.
Fluency means the number of relevant responseteasiproduced, flexibility is the ability to ‘chantack’, and
not to be bound by an established approach a@¢m=proach is found no longer to work efficien@yiginality
is interpreted statistically as an answer whichai® or which occurs only occasionally in a givexpplation.
Elaboration refers to the ability of a respondentekplain the responses. These four levels arengsiséor
measurement of scientific creativity.
Hu and Adey (2002) pointed out that fluency, fléliip and originality form one dimension of a modehich
can be used to describe the characteristics aatige person. According to them, a creative inttliai is able to
give variety of relevant responses to solve a geblem (fluency), able to discontinue an existpagtern of
thought and shift to new patterns (flexibility),caable to get away from the obvious by making b&ntal leap
and producing novel but relevant ideas(originali€ilford (1950) pointed out that the intellectogleration for
these abilities are divergent and that can be egppid all content areas. Okere (1986) classifiegnitive
psychologist’s definitions of creativity that seetm bear some relevance to science education into fo
categories:

i. Sensitivity to scientific problems

ii. Flexibility in reasoning

iii. Recognition of relationships between general ola&m an scientific concepts

iv. Planning of scientific investigation.
Sensitivity to scientific problems involves a stoteeformulating a general statement so as to make
scientifically testable, siting sources of errorm asuggesting the control variables in an expertmeunbart
(1994) observed that problem solving can lead tativity because if a problem exists then therghis
possibility of creative solution. Okere (1996) agiroblem named ‘Coils’ which required the studéotsuggest
reasons why the given experimental procedure wasaito His findings indicated that pupils who gairrect
criticisms on the procedure and identified the dejeat and independent variable were creative.
Flexibility in reasoning refers to the categoriésesponses or approaches given to solve a probjestudent.
Jeffery (2005) pointed out that creative ideas garerated when one discards preconceived assurms@iah
attempts a new approach or method that might seethéers unthinkable.
Recognition involves a student generating hypothesgarding the causes of given phenomena or cligans.

Rogers (1954) and Bruner (1957) suggest thaeatige individual should be able to recognizetreteships
among concepts and retrieve earlier experiencesmeviee he/she encounters a new situation. Okere6§198
his findings of a ‘Porous pot’ experiment showedtth creative student recognized the relationsetwéen the
porous pot making water cold and the physics canaieatent heat of vaporizations.
Planning of scientific investigation involves a ¢t devising and describing an experiment to @egtven
hypothesis. Parnes (1963) and Hudson (1967) sudhastthis ability could be displayed in problenmatt
require students to propose and device experinteriest a given hypothesis. In this study studemie given a
problem entitled ‘Root nodule” where they were rieggh to devise an experiment to test the factofscthg
root nodule formation in leguminous plants.
2.4 Practical Investigation and Scientific creativity
Previous studies have indicated that scientificativédy can be enhanced through appropriate instmal
strategies. The low level of scientific creativiignongst secondary school students have been tdttitia
inappropriate instructional strategies used byheex (Okere 1996). He suggested that the learsershtific
creative skills can be improved through the us@nstructional strategies which promote learner ipigdtion
through thinking and contributing to the investigat For instance problems may be set which redthiee
learners to generate their procedures, suggestappdo use and identify sources of errors that Iniader their
results.
In this study Practical Investigation Module (PIM)kind of laboratory approach was used. The module
consisted of two parts a problem entitled ‘Root Medand a worksheet for students’ report. In tfeo®hodule
experiment the students were required to deterthiméactors affecting the root nodule formatiodeéguminous
plants. The problem was designed in an open endedenwhich required students to devise ways ofisglit
while working in groups of four. The worksheet filie students’ report consisted of brief guidelingsch
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guided them on how to report their findings. It sisted of subsections such as name of investigation
hypotheses, dependent and independent variabletsptwariables, sources of errors and conclusions.
Splinkler (1984) in his study to investigate théeef of open inquiry laboratory approach on leagngome
concepts in physics found that using inquiry labama approach to learn about measurement, presautk,
Archimedes’s principle showed greater achievemensame concepts, greater comprehension of all areas
taught, and better attitudes towards science thsimdéar class taught with traditional experimendgglproach.
Leonard (1984) asserts that students can learerbetien given fewer procedural directions on latmya
investigations. He adds that the use of investigaapproaches in science laboratory has the fatigw
advantages; Are more student involving and moredtide than traditional approaches, Contain lessctions
and give the students more responsibility of deigimg procedural operations, require students tkenraore
extensive use of science processes skills, prodsigedficantly greater gains than traditional apprioes and
works equally for all students irrespective of thaility levels not just the very talented.

The biology curriculum in Kenya advocates for imguapproaches to teaching since it provides stisdesth
greater understanding of the concepts they leadhheip them to develop skills that they can applynéw
situations (Maundu, et al. 2005). However, scietg@hing in the majority of Kenyan secondary schias|
predominantly content first rather than applicatfost (SMASE, 2004). In this respect, studentspiactical
lessons often follow some laid down proceduresotaiiom laws and principles already established.sehends
of experiments leave students with the impresshai $cientists also follow predetermined procedtmesrive
at their discoveries. Similarly, Runco (2008) as#rat in school science experiments the probletnnaaterials
are given to the students which hinder the improxetmof creative thinking skills. Moreover sciertifi
knowledge and theories are directly told to thelstus in their textbooks hence can't think for tkeimes. On
the other hand as the teacher teaches a lessdretiells about the concept first and then makestigent do
the experiments to understand the concepts. Tiie df science education does not exactly repreent
scientific exploring process (Singh, 2005).

He remarked that if biology instruction is to prdeilearners with realistic view of science it skibptovide
opportunities and active support for comprehensiod application of basic skills to the acquisitmfrcreative
abilities. This study aimed at providing the studewith the opportunity of applying the sciencellskof
investigation in practical lessons with the aindefeloping creative abilities.

3. Methodology

3.1 Population and sample

The population of the study consisted of form thbéelogy secondary school students in Kericho tistr
Kenya. The sample consisted of 189 students ir th&ct classes in the four selected schools &nlttal
government area of study. The schools were couats tand girls randomly assigned to experimental and
control groups as shown in the table.

Table1:

Breakdown and characteristics of the sample

Schools Gender Number of students
El Boys 47

E2 Girls 50

C1 Girls 47

C2 Boys 45

Total 189

3.2 Instrumentation
In order to collect data two instruments were used:

i. Biology Creativity Test (BCT) made up of 8-itemseopended questions used during pretest.

. Scientific Creativity Test in Biology (SCTB) contdd of 15-items open ended questions used during

posttest.

3.3 Validity and Reliability
Specialists in scientific creativity as well asesaie education in the Department of Curriculum kustkuction
at Egerton University moderated the items in BCdl S€TB before pilot testing. The tests were théwt pésted
in two secondary schools not included in the maidy sample but with similar features as thosectaiged later
on. This was done so as to prevent contaminatiostuafy samples and results obtained in the coursbeo
study. The test was scored on the basis of ond fmieach correct response. The results were tesedlculate
the difficulty index and discrimination index ofetitems. Those items with index of between 0.3 @@dwere
selected. The reliability of the test items wased®ined using Kuder-Richardson formular (KR-21) dhd
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reliability coefficient of 0.78 was obtained.

4. Resultsand Discussion

To establish the possible differences of the sttegdanthe control and experimental groups Biologgagivity
Test was administeregb pretestThe scores obtained for each of the creativity etspere analyzed using t-test
and the results are given in table 2 below.

Table2: Comparison of pre-test means of groups E1 andYlearning strategy on flexibility, sensitivity,
planning and recognition

Variable. Group. N X SD df t-valuesig (2-tailed)
Flexibility in El 47 1.43 0.68 92 -0.45 0.653
reasoning Cl 47 1.49 0.68

Sensitivity to scientific E1 47 0.81 0.45 92 0.24 0.81
problems C1 a7 0.78 0.41

Planning of scientific E1 a7 4.45 1.79 92 -0.26 0.79
investigation C1 a7 451 1.36

Recognition of El a7 1.57 0.71 92 1.03 0.31
relationships C1 47 1.42 0.68

It can be noted from table 2 that the differencevben the means of groups E1 and C1 in all the dspects of
scientific creativity were not statistically sigicéint at the beginning of the experiment since P&0This
indicates that the students in both experimentdlamtrol groups were all at the same achievensm.| Thus
the sampled students were suitable for the study.

4.1 Testing of Hypotheses

Hypothesis 1: There is no significant differenae students’ flexibility in reasoning between thedsints
subjected to Practical Investigation and thosesmpbsed to it.

The posttest scores for the students in the foauggs were subjected to ANOVA. The results are ginemble 3
below.

Table3: Comparison of flexibility in reasoning post-testane scores using ANOVA

Sum of squares df s M F p-value
Between groups  1797.494 3 9958165 88.007 .000
Within groups 1259.501 185 80
Total 3056.995 188

F (3, 185) 88.007 p< 0.05

The results indicated that there was a signifiefféct of Practical Investigation on students’ fl@hty in
reasoning since p<0.05 therefore the null hypothess rejected. However in order to establish wtibee
differences between the groups occurred signifigdt8D post hoc test analysis was done. The resnétgyiven
in the table 4.

Table 4: Post Hoc comparisons of the post- test means xibflity in reasoning

() Group (J) Group mean difference (I-J) vdtue
LSD El E2 674 .078
c1 6.83 .000
c2 8.20 .000
E2 C1 2.16 .000
Cc2 3.53 .000
C1 c2 41 217

"Significance at p< 0.05
From table 4 it can be observed that there wergfgignt differences between groups E1 and C1 (6B3 and
C2 (8.20), E2 and C1 (2.16) and E2 and C2 (3.58¢. differences between E1 and E2 (0.674) and bat@de
and C2 (0.41) were not statistically significanhcg p>0.05. Hence it may be concluded that Prdctica
Investigation has a significant effect on studefiexibility in reasoning.
Hypothesis 2: There is no significant difference stadents’ ability to be sensitive to sources abex in an
experiment and control variables between the stsdamjected to Practical Investigation and thadesrposed
to it. To test this hypothesis the student’s pastseores were analyzed using ANOVA and the resuéigyiven
in table 5 below.
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Table 5: Comparison of students’ sensitivity to scientifroplems posttest means scores using ANOVA

Sum of squares df MS F p-value
Between groups 47.227 3 15.742 37.297 .000
Within groups 78.085 185 0.422
Total 125.312 188

F (3, 185) 37.297 p< 0.05
The results from the table indicate that the déferes between the groups were statistically siamfi hence the
null hypothesis was rejected. To identify whichtlod groups differed significantly post hoc LSD tesis done.
The results are given in table 6 below.

Table6: Post Hoc comparisons of students’ sensitivity fergdic problems posttest means scores

(I) Group (J) Group andifference (I-J) vélue
LSD El E2 764 .083
C1 119 .000
Cc2 1.26 .000
E2 C1 .286 .000
c2 357 .000
C1 c2 071 599

"Significance at p < 0.05

It can be noted from table 6 that the differencetsveen the means of C1 and C2 (0.714) and E1 ar{0.F@4)
were not statistically significant (p>0.05). Howeyvéhe differences between E1 and C1 (1.192), & @2
(1.26), E2 and C1 (0.28) and between E2 and C58).®ere all significant. Hence it could be condddhat
Practical Investigation has a significant effect sindents’ ability to be sensitive to sources aber in an
experiment and control variables.

Hypothesis 3: There i® significant difference on students’ ability t@p for scientific investigation between
the students subjected to Practical Investigati@hthose not exposed to. This was tested by siuhjestudents’
posttest scores to ANOVA. The results are givetalie 7 below.

Table 7: Comparison of students’ ability to plan scientifizestigation posttest means scores using ANOVA

Sum of smrs df MS F p-value
Between groups 1530.074 3 510.025 106.533 .000
Within groups 885.683 185 4.787
Total 2415.757 188

F (3, 185) 106,533 P<0.05.

The results from the table indicated that the diffice were statistically significant hence the myibothesis
was rejected. In order to determine the groups thate significantly different LSD post hoc pair wis
comparison was done. The results obtained are giviaile below.

Table8: Post Hoc comparisons of the posttest means of stsid#bility to plan for scientific investigation

(I) Group (J) Group mahffierence (I-J) Bhye
LSD El 2E 413 .002
C1 6.38 .000
c2 7.50 .000
E2 Cc1 2.24 .000
c2 3.37 .000
C1 c2 629 123

" Significance at p<0.05
The results from table 8 indicated that there veggeificant differences between the means of grétfpand C1
(6.38), E1 and C2 (7.50), E2 and C1 (2.24) and 2 @2 (3.37). The difference between groups C1@ad
(0.629) was not statistically significant. Thusriy be concluded that Practical Investigation hagaificant
effect on students’ ability to plan for a sciemtifnvestigation. However the significant differenuted between
groups E1 and E2 (4.13) may be attributed to tle tlaat planning is an aspect of scientific cragtithat
measure design of investigation and not knowledgpeddent. Thus, student’s participation and interes
influences the development of this skill. Similarly may be attributed to the differences in schools
characteristics such as the rigid programs geangdrtls exam oriented kind of education system.
Hypothesis 4: There is no significant differencestandents’ ability to recognize relationship betwegneral
observations and scientific concepts between thdests subjected to Practical Investigation andehoot
exposed to it. This was tested by subjecting thdesits’ posttest scores on recognition to ANOVAsEs are
given in table 9 below.
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Table 9: ANOVA of posttest means of students’ ability to wgnize relationships between general observation
and scientific concepts

Sum of squares df MS F p-value
Between groups 96.937 3 32.312 27.741000
Within groups 215.486 185 1.165
Total 312.423 188

F (3,185) 27.741 p<0.05

From the table it can be noted that the differermgieen the groups were statistically significkidwever in
order to establish the groups that differed sigaiftly LSD post hoc pair wise comparison was dadhe. results
are given in table 10.

Table 10: Post Hoc pair wise comparisons of students’ abilityrecognize relationships between general
observations and scientific concepts posttest meeoes

(1) Group (J)dBp mean difference)(I-J p-value
LSD El E2 1.52 .061
C1 1'68 .000
Cc2 1.30 .000
E2 Cc1 117 593
c2 493 .000
C1 c2 .629 123

"Significance at p < 0.05
It can be observed from table 10 that the diffeesrizetween E1 and C1 (1.68), E1 and C2 (1.30) 2rahd C2
(0.493) were all significant. The differences begwé=1 and E2 (1.52) and between C1 and C2 (0.628) mnot
statistically significant (p>0.05). Hence may bexdaded that Practical Investigation has a sigaiftceffect on
students’ ability to recognize relationships betweeneral observations and scientific concepts. éd@wthe
lack of significant difference between groups E2l &l (0.117) noted may be attributed to the faet th
recognition aspect of scientific creativity is krledge dependent. It involves a learner retrieviadier learned
scientific concepts and applying them in other srethe degree to which the content was covered and
understood by the learner affects how she/he ppllyathem in a novel situation.
5. Discussion
5.1 Flexibility in reasoning
To determine student’s flexibility in reasoning yheere subjected to a set of seven questions ¢gatired them
to give a variety of responses as much as theydamulhow a given problem could be solved. Those gdne
more and relevant responses were found to be rfexible in reasoning than those who gave lessak foeund
that the students who had been subjected to Pahbtigestigation performed much better than thoke were
using the Conventional Laboratory approach. Thiamsethat by giving learners an opportunity to camy
scientific investigation on a given scientific ptelm enhances their flexibility in reasoning thusmoting their
scientific creative skills. These findings agredhwiHaigh’s finding (2007) where he found that Inigative
Practical approach enhanced scientific creativity.addition Pink (2005) pointed out that teachstgdents to
solve problems that do not have well defined ansv@ster scientific creativity. The scientific ctioity aspect
of flexibility in reasoning was found to be well ifmed by all categories of the learners. Thislddoe
attributed to the fact that flexibility is an aspet scientific creativity that measure design mfastigation and
not knowledge dependent hence performance of thieas largely influenced by the characteristicsthef
school environment. This finding is in agreemerthwhat of Ndeke (2003) who found that flexibilityas better
performed than other aspects of scientific creigtivihis suggests that even those students wha genform
well in biology and sciences in general can devslapntific creative abilities.

5.2 Senditivity to scientific problems

Sensitivity to scientific problems refers to thélip of a student to identify sources of errorsan experiment
and also suggests the control variables. The fgglin this study revealed that most students weteahle to
tackle such questions. This may suggest that Igtidone in the classroom or laboratory lessonréonpte this
skill. Similar findings were also obtained by OkgfE996) who pointed out that such questions poseeso
difficulties to students could be because theyrarely asked to explain possible sources of ettfmtare likely
to affect the experimental results. Ndeke (2008p anade the same observation that question tegtiag
sensitivity aspect of scientific creativity were goly performed probably because teachers do ndudec
activities that enable learners to be sensitivesdientific problems. However the students who baédn
subjected to Practical Investigation performed mubgter than those who used Conventional laboratory
approach. Thus this means that appropriate ingtnaitapproach when used enhances students’ sétysit
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scientific problems. Abuto (2005) findings also reaimilar observation that concept mapping teacktrategy
enhances students’ sensitivity to scientific protde

5.3 Planning of scientific investigation

To determine the student’s ability to plan for stiic investigation the students were given adeproblems
that required them to suggest the apparatus tbgtwlould use, methods of checking the results hadcontrol
variables. This aspect was well performed by &l larners both in the experimental groups andcctmrol
groups. However those in experimental group peréatrmuch better than the control groups. Although th
experimental groups also differed this could be dwethe fact that planning aspect largely depends o
personality, motivation and environment. Hu and Y\q2002) pointed out that the scientific creativiby
individual secondary school student within a gigehool system is influenced by the creative envirent. This
suggests that even if the instructional method useppropriate in promoting scientific creativitye school
environment affects the development of the skilblainning for scientific investigation.

5.4 Recognition of relationships between general observation and scientific concepts

To determine the student’'s ability to recognizeatiehships between general observations and siéenti
concepts the students were given a set of questiessribing certain general observations and theyew
required to relate to some scientific concepts thag learned in biology. The performance in sucéstijans
varied greatly depending on the academic performarficheir schools. This suggests that recognitispect is
knowledge dependent. Ndeke (2003) in her studieadia high correlation between biology achieventest
and recognition aspect indicating that a good mgstEbiology content is essential for effectiveagnition of
relationships. These findings agree with that oB@k(1986) that physics knowledge contributes tengidic
creativity of secondary school students. Theserg imply that using appropriate instructional eggzh only
that enhances scientific creativity may not beisigifit enough in enabling students to recognizatiaiships
between general observations and scientific coscefite students should be well equipped with reieva
scientific concepts so as to be able to retriewkratate accordingly.

6. Conclusion

Based on the findings of the study it was conclutted Practical Investigation laboratory approaohasces
scientific creativity amongst secondary school dgl students. However in order to achieve thisestitalshould
be given an opportunity to carry out scientificestigation on a given problem rather than beingmia list of
procedures to follow in solving the problem. Thisuld enable them to explore several ways of getting
solution consequently enhancing their flexibility ieasoning. Similarly questions that require stisléo site
sources of errors and control variables in an expat should be included in the examinations stoggomote
sensitivity aspect of scientific creativity. Theatfaing environment should also be designed in suahy that it
motivates the learners, it arouses their interasts enables them to participate in learning a&witThis is
because this and previous studies have indicatadthie school environment affect the degree ofesited
scientific creativity. Lastly the learners should bquipped with the correct and relevant knowledfé¢he
subject matter.
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