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Abstract

Causeandeffectofbiologicalphenomena seem to remainambiguous to mostpeople,
includingbiologystudents. Understanding theconceptofbiologicalphenomenarequires
properarticulationof biologicalconcepts andscientificreasoning. Thisstudyon
enhancingtheunderstandingofbiologystudentson howandwhybiologicalphenomena
occur through causal reasoning wascarriedoutinEnuguNorth local government area

ofEnuguState, Nigeria.Thepopulationofthestudy was 4,612biologystudentsin Enugu
Northlocalgovernmentarea.Thesamplesizewasthirty(30)biologystudents. This was

madeup ofone(1) maleandone(1)female,biologystudentthatweresampledthrough
simple randomsampling,byballoting,fromeachofthethreeseniorsecondaryschool
classes of fivepublicco-educationschoolsin EnuguNorthlocal government areas.

Pre-teachingandpost-teachingofcausalreasoninginterviewswereconductedon the

students to determinetheimpact ofteachingcausalreasoningto thestudents.Data

collectedfromtheirinterviewresponsespriortotheteachingandafter the teachingof
causalreasoningaboutbiologicalphenomenawereanalyzedusingStatisticalPackage
for theSocialSciences(SPSS)andsubjectedto Chi-Square test at 0.05levelof

significance,to determine theimpactoftheteachingon theirunderstandingofhow and

why biologicalphenomenaoccur. The Chi-Squaretestresultindicatedthattherewas a

significantassociationbetween causalreasoningwithenhancementof theunderstanding
of biology students on howand why biologicalphenomenaoccur.Itwas,therefore,

recommendedthatteachingtowardsunderstandinghowandwhy biologicalphenomena
occurred,shouldbeapproached throughscientificreasoning,bytheteachers. Biology
teachersshouldteachtheir studentsonhow to thinkanalytically andscientifically in

order tounderstandandinterpretbiologicalphenomena.
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Introduction
Considerableresearchexists on the development of causalreasoningin naturalarea

includingbiology.Causal reasoninginvolvesaninterpretationof currentevents and

explanation ofpastevents. Itinvolvesidentificationofthecause-and-effectrelationships
thatunderpinbiologicalphenomena.AccordingtoLegare(2008),afundamentaltaskfor
allhumansis explaining 'how'and 'why'thingshappen.Causalityaccordingto
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Goodman,Tomer andJoshua(2011)governstherelationbetweenevents.Oneparticular
skillthatcausalreasoningstrengthens iscriticalthinking.As studentsdeveloptheability
toidentifycausativefactorsin biology,they also learntoanalyzeandevaluatedifferent
biologicalphenomena. Animalsand plants possessspecialfeaturesor structuresthat
enable themadapttotheir environments. Therearebasically three typesofadaptations
basedon howthegeneticchangesare expressed. Thesearestructural,physiologicaland
behavioraladaptations. Structuraladaptations are physical features ofanorganism's
bodythathelpsit tosurvive orreproducewithintheenvironment.Unlikestructural
adaptation, physiologicaladaptationisinternallybasedbodychemistryand metabolism

thatenables theorganism tosurvivein a changingenvironment.Behavioraladaptation
ontheotherhand,isanorganism'sbehavioralchangein the face ofaprey,predator,
duringmating/reproductionandchangesweathercondition.Structural,physiologicaland
behavioraladaptations inplantsand animalshaveshown someattendantcauses and

effects.Causes and effects ofthesebiologicalphenomenaseem to remainambiguousto
biologystudents(Mbajiorgu,EzechiandIdoko,2007).Understandingtheconceptsof
biologicalphenomenarequiresproperarticulation ofbiologicalconceptsandscientific

reasoning.

Malle,Mosesand Baldioun, (2001),indicatedthatcausalreasoninginvolvesan

interpretationofteleologicalor goaldirectedphenomena,thepredicationoffutureevents
andexplanation of pastevents.Accordingto Anidu,Eze andMbajiorgu (2022),causal

reasoningistheprocessofthinkingaboutcause and effectfromhumanmindstendency
to providecausalexplanationsto thequestion of 'Why','How and'What'.Gopnik
(2001), hasindicatedthatdevelopmentofcausalreasoningisparticularlyimportant in
sciencelearningasscientificinventionsuchas hypothesis, theoriesandlawsspecifying
causal relationsamongentities,eventsandprocesses. InEze (2022),itwasstated that

causalreasoningiscauseandeffectrelatedreasoning.Its purposeisbasically toresolve

thequestionof how and whyphenomenonoccurs. Properknowledge structureand

scientificconceptionsareverynecessaryforbiologystudentinresolvingthese questions
on how and whyaphenomenonoccurred.Resolvingthesequestionsofhowandwhya

phenomenonoccurredinvolvesmentalprocessusingcausalreasoning.According to

Mayr(2010), the idea ofcausalreasoningisto interpretwhat isseenas purposeful or

goalseekingandpredicthowthatbehavioraffectsoreffectswhathappensnext.
To enhance theunderstandingofbiologystudentsonhow and why biological

phenomena occur throughcausalreasoningcanbeapproachedthrough anyandorallof

thefollowingstrategies:

UseofReal-LifeExamples
Thiscanbeachievedby incorporatingreal-lifeexamples and casestudiestohelp

studentsunderstandthecause-and-effectrelationshipsinbiologicalphenomena;
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EncouragingCriticalThinking
Thiscanbeachievedbyencouragingstudentstothinkcriticallyabout the

biologicalprocessthey are learningabout.Chargingthemto analyzethefactors that

contributetoaparticularoutcomeofdifferentphenomena;

Interactive Activities

Thiscanbeachievedby engagingstudentsinhand-onactivities,experiments and

simulationsthatwill allowthem toobserveandunderstand thecausalrelationshipsin
biologicalevents;

ConceptMapping
This approachisbyvisuallyrepresentingthecausal relationships between

different biologicalphenomena. Itcanhelpstudentssee the interconnectedness of

variousprocessesand understandtheunderlyingreasonsfortheiroccurrence.
Implementationof theabovementionedstrategiescanhelpbiologystudents

develop deeperunderstandingofhow and whybiologicalphenomenaoccur, through
causalreasoning.
Nevertheless,Bollocks,GelmanandBaillargoninSzymanowski(2008),identified three

factors thatcouldaffecttheinterpretation, predictionand explanationofcausaleventsin
adults.These factorsare;

1.theprinciplesunderlyingdefinitionsofcause and effects

2.thestimulusinformationutilizedinmakingcausalattributionsand

3.Theroleofknowledgeaboutobjectsin causalattributionandexplanations.

Thefinding ofthestudywouldbeanchoredon theory of constructivism.

ConstructivismaccordingtoWNET(2004),isbasicallyatheory basedonobservation

andscientificstudyabouthowpeoplelearned. Itis aphilosophicalviewpointaboutthe
natureoffamiliarity,awarenessorunderstandingofsomeoneorsomething,such asfacts,

information,descriptionsorskill,whichisacquired throughexperience oreducation by

perceiving,discoveringorlearning. It isfoundedon thepremisethat,byreflectingonour
experiences,weconstructourownunderstandingoftheworldwelivein.

Tamir and Zohar(1991)inSoutherlandand Hayne (2001) developed seven

categoriesofreasoningthatcouldenablebiologystudents profferanswers to how and

why biologicalphenomenaoccur.

Thesewere:

Anthropomorphic:Thisattributeshumanasthecausalagentforchanges
seen innon-humanorganisms.Italsoincludesanexplanation inwhich the

organisms(humanandnon-human)isseenasbeenableto manipulated or

effectthechangewillfully.
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Teleology:This attributes theend astheagent ofdeterminingthe nature

of thephenomenon.It involvestheidentification oftheinherentpurpose,
intentorendofa phenomenon.
Mechanistic Proximate:Thisattributesaspecificphysiological or

biologicalagenttodeterminingthenature ofthephenomenon.Typically,
suchanexplanationdescribes the actionsofjust theindividualanddoes

notconsidertheentiregrouporpopulationoforganisms.
MechanisticUltimate: This attributesa longterm,generally,genetically
basedagenttodeterminingthenatureofthephenomenon.
Suchexplanationdescribestheentirecharacteristicofpopulation of an

organismandnotjusttheactionsofandindividual.
Predetermined:Thisiswherethe agent isnotclearly identified, thusthe

natureofthephenomenon isattributedtoGod or nature.

Blended: Thisreasoningcombines theattributesofmore than one of the

categoryofreasoningtoexplainaphenomenon.
Don'tknow:Thisisa situationwheretherespondentdoesnotknowwhat
to sayor whattoattribute thephenomenonto.

StatementoftheProblem

Understandingand explanationofhow andwhybiologicalphenomenaoccur
haveremaineda bigchallengetomost biologystudents,includingtheirteachers. The

question,thereforeis,can the understandingof biologystudentson how and why
biologicalphenomenaoccurbeenhanced throughcausalreasoning?

Thepurposeofthe study wastodetermineifcausalreasoningcouldenhancethe
understandingofbiologystudentsonhow and whybiologicalphenomenonoccurs.Two

researchquestionsandtwohypotheseswereposed forthestudy.

ResearchQuestion1
Whatistheassociation of causalreasoningwith enhancementoftheunderstandingof
biologystudentsonhowbiologicalphenomenonoccurs?

ResearchQuestion2
Whatistheassociationof causalreasoningwith enhancement of theunderstanding of

biologystudentson whybiologicalphenomenonoccurs?

Hypothesis
Thereisnosignificantassociationbetweencausalreasoningwith enhancement ofthe

understandingofbiologystudentsonhowbiologicalphenomenonoccurs.
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Hypothesis2
Thereisnosignificantassociationbetweencausalreasoningwithenhancementof the

understandingofbiologystudentsonwhybiologicalphenomenon occurs.

Method

Surveyresearchdesignwasadoptedfor study. Thepopulationofstudywas 4,612

biologystudents fromfive(5) publicco-educationsecondaryschoolsinEnuguNorth
local governmentareaofEnugustate.Simplerandomsamplingby ballotingwasused to

sample one (1) maleand one(1)femaleeachofthethreeclassesof seniorsecondary
abiologystudentsgivingatotalofsix(6)students fromeachschool. Thusa totalsample

sizeof30studentsresponded tointerview.Theinstrumentfordatacollectionwasan
open-ended structuredinterviewschedule(SIS) that wasdevelopedbasedononeanimal
specimenandoneplant specimen thatwereusedforthestudy.These werecolored

picturesofachameleon(withchangingcolor)andNepenthes(withtongues). The

interviewsweredesignedforcollectionofdata onthestudents'causalreasoningand
theircausalexplanationonsomeidentifiedbiologicalphenomenonfoundintheanimal
and the plant. Thiswasdone toidentify theirchoiceofcategoryofreasoningfromthe
sevencategoriesofreasoningasidentified Tamirand ZoharinSoutherlandetal(2001).
Inorderto identifytheirchoicesofcategoriesofreasoningtheywereinterviewedonhow
and whysome identifiedbiological phenomenaoccur in the chosen specimen
(chameleonandNepenthes). Pre-teaching ofcausalreasoninginterview andpost
teachingofcausalreasoninginterviewwereconductedon thestudents.

The instrumentwas sentto threeexperts intherelatefieldsofthestudy for face

validations.Itwas examinedbased oncontentarea,appropriateness and clarity of the

interview items toascertaintheextenttowhichtheinstrumentcouldmeasurewhatitwas
meanttomeasure.Theinstrumentwasnot subjected to reliabilitytest asit was for

solicitingopen-endedresponses.
1.Structuredinterviewedschedule(forchameleon)

a.Howdidchameleongetbehavioralcolorationchanges?
b. Whydidthechameleonhavethebehavioralcoloration changes?

2 Structuredinterviewschedule(forNepenthes)
a. Howdid theNepenthesget its tongue?
b. WhydidtheNepentheshavetongues?

Datacollected frompre-teaching interviewandpost-teachinginterviewwasanalyzed
electronically usingStatistical Package fortheSocialSciences(SPSS)andtestedwith
Chi-Square at 0.05 significantlevels. Thenullhypothesiswould be rejectedifthe
Chi-Squaretest resultwasequalor greater thancriticalvalueat theappropriatedegreeof

freedom, and wouldnotberejectedifChi-Squaretestwaslessthan thecriticalvalue.
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Results

ResearchQuestion1
Whatisthe associationof causalreasoningwith enhancement of theunderstanding of

biologystudentsonhowbiologicalphenomenaoccur?
Crosstabulationofpre-teaching andpost-teachingofcausalreasoninginterview

responsesgivenbybiologystudentswithcategories ofreasoning, on how biological
phenomenaoccur.

How CategoriesPre-teachingresponses Post-teachingresponses Total

ofReasoning Count % Count %Count %

Anthropomorphic 0 0 0

Teleology 26 43.33
-
c

0

29 24.17
MechanisticProximate 8 13.33 O 10 14 11.67
Mechanistic Ultimate 18 30 20 33.33 38 31.67

Predetermined 25 41.67 4 6.67 29 24.16
Blended

06 10 4 6.67 10 8.33

Don'tknow 0 0 0 0

Total 60 100 60 100 120 100

The abovetable revealed thatthestudents'choiceofresponseswithscientificcategories
of reasoning weremoreafterpost-teachingofcausalreasoning as against their

pre-teaching of causal reasoning choice or responses.Theirchoiceof mechanistic

ultimateandteleologycategoriesincreasedafterteaching them causalreasoning,while
theirchoiceofnonscientificcategories ofreasoning,likepredeterminedandblended,on
howbiologicalphenomenaoccurreduced.

ResearchQuestion2
What istheassociationof causalreasoningwith enhancementoftheunderstanding of

biologystudentsonwhybiologicalphenomenaoccur?
Crosstabulationofpre-teachingand post-teaching of causalreasoninginterview

responsesgiven bybiologystudentswithcategoriesofreasoning,on whybiological
phenomena occur.

Why Categories ofPre-teachingresponses Post-teachingresponses Total

Reasoning Count % Count % Count %

Anthropomorphic 0 0 0 0 0 0

Teleology 6.67 28 46.67 32 26.67

MechanisticProximate 7 11.67 4 6.67 11 9.17

Mechanistic Ultimate 16 26.66 23 38.33 39 32.5

Predetermined 26 43.33 3 5 29 24.16

Blended A 11.67 2 3.33 9 7.5
Don'tknow 0 0 0 0 0 0

Total 60 100 60 100 120 100



DEER
164 JournalofScienceEducation(JOSCED)Vol.5,No.l *pr

IerO

ENTOFSCIENCESU

Theabovetablerevealedthatthestudents'choiceof responses withscientificcategories
of reasoning were moreafterpost-teachingofcausalreasoningasagainst their

pre-teaching ofcausal reasoningchoice or responses.Theirchoiceofmechanistic
ultimate and teleologycategoriesincreasedafterteachingthemcausalreasoning,while

their choiceofnonscientificcategoriesofreasoning,likepredeterminedandblended,on
whybiologicalphenomenaoccurreduced.

Hypothesis
Thereisnosignificantassociationbetweencausalreasoningwithenhancement of the

understandingofbiologystudentson howbiologicalphenomenaoccur.
Chi-squaretestresultforhowbiologicalphenomenaoccur
Description Value df Sig(2sided)
PearsonChi-Square 13.61 326 0.00

NumberofValidCases 120

Criticalvalue 10.05=12.592
Chi-squaretest result=13.6132

Inlinewiththedecision rule,thenullhypothesiswas rejectedastheChi-squaretest
result was greaterthanthecriticalvalueat6degree of freedom.Hence, the alternative

hypothesis whichstatesthatthereissignificantassociationbetweencausalreasoning
withenhancementof theunderstanding of biologystudents on how biological
phenomenaoccurisaccepted.

Hypothesis2
There isno significantassociationbetweencausalreasoningwith enhancement ofthe

understandingofbiologystudentsonwhybiologicalphenomena occur.

Chi-squaretest result forwhybiologicalphenomenaoccur
Description Value df Sig(2sided)
PearsonChi-Square 13.98 366 0.00

NumberofValidCases 120

Criticalvalue 105=12.592
Chi-squaretest result=13.9836

Inlinewiththedecisionrule,thenullhypothesiswasrejectedastheChi-square test

result was greaterthanthecriticalvalueat 6 degreeoffreedom.Hence,the alternative

hypothesis whichstatesthat thereissignificantassociationbetweencausalreasoning
withenhancementoftheunderstanding of biology studentson why biological
phenomenaoccur isaccepted.
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Findings
Prior to teaching of causal reasoning thebiologicalstudentswereusing non scientific

reasoninginexplaininghow and why biologicalphenomenaoccur.Theirchoices of

categoriesofreasoninginclinedmoretotheuseofpredeterminedcategoryofreasoning,
which was a nonscientific wayofreasoning.On thecontrary,aftertheteaching ofcausal

reasoningthe biology studentchoice of reasoning changed to scientific waysof
reasoningbyincliningmoretheuseofmechanistic ultimateand teleologyreasoning
categoriesastheirchoiceofreasoningtounderstandhow andwhybiologicalphenomena
occur.Mechanistic ultimateand teleology categoriesofreasoningimploresystematic

observations,recordingofoccurrencesandinterpretationofoccurrences beforemaking
conclusive statements.

DiscussionsoftheFindings
Thechi-squaretestresultindicatedthattheassociation of causal reasoning with

enhancementofunderstandingof biology studentsonhowandwhy biological
phenomenaoccurwassignificant.Thechoice of use of mechanistic ultimate and

teleologycategoriesofreasoningincreased afterteachingthestudents,causalreasoning.
This implies thatmany ofthe biologystudents relinquished their presuppositionson
biological phenomena and becamemore analyticalof thecausal agency through
constructivereasoning.Progressivepsychologistsexplorethegrowthandexpansionof

reasoningfrombirthtomaturity.AccordingtoDemetrions,Monyi &Spanoudis(2010)
changesin reasoningwithdevelopmentcome from increasingwork,education, and

memorycapacity,increase speed of processing,enhanced executivefunctions and

control,includingself awareness. Itwouldbeappropriateto expect differenceinstudents'

causalreasoningastheyreceiveandacquiremorescientificeducation.This mightbe the

reasonwhythechi-squaretestresultindicatedthat therewassignificantassociation
betweencausal reasoningwiththeenhancementofthesebiologystudents'understanding
ofhow andwhybiologicalphenomenaoccur.

Conclusion

Enhancingtheunderstandingof ologystudents on how and whybiological phenomena
occur through causalreasoning,hasbeen identifiedasaveritabletoolfor biology
students'understandingand explaining cause-and-effectofbiological phenomena.
Understandingandexplanation of cause-and-effect of biologicalphenomena have

remained bigchallengetosecondaryschoolbiologystudentsandinmostcasesimpact
negatively ontheir academicperformances. The major reasonforthepoorperformance
of biologystudentsinexplanation of biologicalphenomenaistheir lackof abilityto
reasoninscientific ways.Causalreasoning isascientific approach toteaching and

understanding howandwhybiologicalphenomena occur. Itimploressomestrategiesto
instillknowledgeandunderstandingofbiologicalphenomenaon biology students.The

sevencategoriesofreasoningbyTamirandZohar(1991),isoneofthestrategiesinuse.
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This particular strategy presentsseven different waysofviewinganybiological
phenomena asto understand how andwhyitoccurred.Theresultsofbothhypotheses
posed inthisworkhaveshownthatthebiologystudentsthat passedthrough causal

reasoningtutelageperformed betterinunderstandinghow and why biological
phenomena occurred.Teachingandlearningofbiologythatisbased on causalreasoning
mostoften,enhancebiologystudents'understanding of biologyandbiological
phenomena.

Recommendations

Basedonthefinding of the study, it wasrecommendedthatteachingtowards
understandinghow and whybiologicalphenomenaoccur should beapproachthrough
scientificreasoning.Studentsshould be taughtonhow tothinkanalytically and

scientifically usingdifferent causal reasoningstrategies,in orderto understand the

phenomena.Inmostcase, cause-and-effect of any phenomenon transcendwhat the

normaleye couldsee,howandwhyithappen,thenature and intentofthe phenomenon
needtobeunderstood.Thiscanonlybeachievedthroughcausalreasoning,which has to

do with analyzingcurrenteventandpredictingthefutureeffectofsuchevent.
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