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Abstract

Thepoorsecondaryschoolstudents'academicachievement inPhysics asshown in the

literatureover the pastdecadeshasbeenattributedto pooracquisitionofmathematical
competencies thatcan enablethemto dowell in practicalPhysics.Theneed toexamine

mathematical competenciesas determinants ofPhysicsachievementbecomesnecessary
for sustainableeducation.Thestudywhich adoptedanex-postfactoresearchdesignwas
carriedoutin Nsukkaeducationzoneof Enugustate during the 2021/2022academic
session.Thesamplesizeforthestudywas 388seniorsecondaryschoolIIPhysicsstudents
in 6 randomlysampledsingle-sexsecondaryschools.Trainedresearchassistantsused
interviewresultstofill themathematical competencyinpracticalPhysicsquestionnaire
(MCPPQ) for eachstudent. Gradesspreadsheet wasusedtocollectstudents'senior

secondarycertificateexaminationresultinPhysics.Cronbach'salpha, which yieldeda
value of.85 wasusedto measuretheinternalconsistencyreliabilityofMCPPQ.
Beta-weightwasusedtoansweralltheresearchquestionswhile Chi-squarestatisticwas
usedto testthehypothesesat .05level ofsignificance and425degreesoffreedom. The

result ofthestudyas perceived bythestudentsindicatedthat basicpracticalPhysics
mathematicaloperations,graphingskills,generationofreadingsfromequationsderived
fromexperimentalsetupand deductionsfrom thegraphin decreasing magnitude
positivelyinfluencedPhysics achievementinexternalexamination.Maleandfemale
students' models weresimilarintermsofpathcoefficientsin themodel.Hence,itwas
recommendedthat Physics teachers shouldimprove upon students'mathematical

competencies inpracticalPhysicsto boosttheirPhysicsachievement.

Keywords:Mathematics,Physics,gender,achievementandsustainabledevelopment.

Introduction
The globalcommunityhasrecognizedthecriticalroleofeducation inachieving

sustainabledevelopmentgoals(SDGs). Education servesas catalystforeconomicand

social transformationsbyequipping individualswithknowledge,skills andvalues

necessaryforpersonalgrowthand active participation inthedevelopmentprocess. SDGs

encompass a widerangeof interconnectedobjectives, suchaspovertyeradication,
environmental,socialandeducationalsustainability.Achievingtheeducational sub-goal
requires holistic approach thataddressesvariousdimensions of education. Educational
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dimensioncancut across subjectareasand creatingroomforsubjectinteraction.Such
interactionnature has necessitated onesubject area tobedependent ononeanother.In
orderwords,onesubjectcanbeadeterminantofsuccessinanothersubject.Forexample,
knowledgegainedinMathematicscanbeadeterminantofmeaningfullearninginPhysics.

InthecontextofsecondaryschooleducationinNigeria,onesubjectthathasfaced
persistentpoorachievementchallengeisPhysics.Externalexaminationsin Nigeria have

consistentlyrevealedpoorachievementratesinPhysicsamongsecondaryschoolstudents.
Thispoorachievement raisesconcernsaboutthequalityofPhysicseducation and its

implicationsfortheattainmentofsustainabledevelopmentgoalsinNigeria.Amongthe
various factorsaffectingstudents'achievement in Physics,poormathematical

competenciesemergeasacrucialfactor.TheWestAfricanexaminationscouncil,WAEC
(2016,2017,2018& 2019) inallitsseriesexaminations partly attributedpoor
achievementofstudentsinPhysicsto poor applicationofmathematicalconcepts.The
summaryofthe poormathematicalconceptsofthePhysicsstudentsinpracticalPhysics as

listed by WACincluded: (i) inabilityto readmeasurementfrom instruments to the

requiredaccuracy.(in) inabilitytotabulatedatacorrectly.(iii) inconsistencyindecimal
places.(iv)inabilitytoplotgraphscorrectly(iv)poordeterminationofslopesand(v)over

approximationofevaluatedvalues. (vi) Inabilitytoplotgraph whenvaluesarenegative.
(vi)inabilitytoexpressfigures in standard formand(viii)inabilitytoconvertrawvalues
usingthegivenscalefactor.

Mathematical competencyisoperationallydefined in this study as the

comprehensionandapplicationofmathematicalconcepts,principlesandproblem-solving
strategiesnecessaryforunderstandingandexcellingintheuseoftheprinciplesofPhysics
tosolveeducationalproblemsin theclassroom.Inthisstudy,itencompassesgenerationof
readingsfromequations,applicationofbasicmathematicaloperationsindexed inpractical
Physics,graphingskillsandmaking deductionsfromthe graph. Theoreticalgenerationof
readings in practicalPhysicsforsecondaryschoolstudentsis theartofusingequations
derivedfrom theexperimentalsetuptoobtainthevalues ofvariablesthataresetto be

determinedinanactualexperimentation.Thebasicmathematicaloperationsinpractical
Physicsinvolveaddition,subtraction,square,square-root,cubeandcube-root.Othersare
inverseoperations and logarithmictransformations andapproximations: significant
figuresanddecimal places. Thegraphingcompetencyreferstomanualplottingofthe
graphofthe ordinateagainstabscissa,observingzero-zerooriginwithgoodscalesonboth
axes. Deduction fromgraph iS operationallydefinedasdrawingthebest line offit,slope
andintercept measurements. Italsoinvolvescorrectinterpretationofslope,ordinateand
abscissainterceptvaluesformeasurementofphysicalconstants.

Students'genderhasalso been reportedin literaturetoinfluenceachievementin
Physics.Genderreferstothe socialandculturalroles, expectations, and identities

associatedwithbeingmaleorfemalewithinagivensociety.Itencompassestherangeof
characteristics,behaviors,andexpressionsthatareculturallyattributedtomasculinityand
femininity (Butler, 1990).Understandinggender as a socialconstructhighlightsthe
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importanceofexaminingits influenceonvariousaspectsofindividuals'lives,including
academic pursuitssuchasphysicsachievement.Genderequalityineducationis a

fundamentalaspectofsustainabledevelopment.Itensuresthat girls andwomenhave

equal accesstoeducation,comparedtotheiroppositegender.Girls andwomeneducation

donotonly encouragetheir individualwell-beingsbutalsocontributetotheoverall
developmentofthesocietyatlarge.Educated womenaremorelikelytoparticipate in

decision-makingprocesses,promotehealthandwell-beingwithintheirfamiliesand
contributetoeconomicgrowthmorethantheiruneducatedcounterparts. Moreover,

despitesignificantadvancements,genderdisparitiespersistinmanyeducational systems
worldwide,hinderingtheattainmentofsustainabledevelopmentgoals. Theterm"gender

differentials"referstothevariationsobservedbetweengendersinaparticulararea,suchas

physicsachievement.Itacknowledgesthe potential differencesinachievementthatexist

betweenmalesandfemaleswithinanacademiccircle.Perspectivesongenderdifferentials
inPhysicsachievementappearto lackaspecificdirection.PhysicsEducation researchers

likeAnamezie andNnadi(2019) indicatedintheirstudy that there wasnogender
differentialinachievementofPhysicsstudents whentheinstructionalstimuluswasdrill

andpracticemode ofcomputeraided instruction,other studiesother usedvaried

instructionalstimulioropinionsreportedtheexistenceofgenderdifferentials(Ugwu,
2011;Wang&Degol,2017;Stoet&Geary,2018;Yakubu,2021).

AchievementinPhysicsasa schoolsubjecthugelyreliesonmathematical
principlesandconcepts forproblem-solving andunderstandingcomplexphenomena.
Mathematicalknowledgeprovidesthefoundation uponwhich students build their

understandingofPhysics,enablingthemto apply theoreticalprinciples to practical
situationseffectively.Dirac(1939),aknown physicistwhileexplainingthe relevanceof

mathematicalknowledgetoPhysicsunderstandingnoted thatthe physicist had two

methodsofmakingscientificinquiry:(i)themethodofexperimentation andobservation

and(ii)themethodofmathematicalreasoning.AccordingtoDirac,experimentationisjust
forcollectionofdataandthelatterenablesonetoinferresultsaboutexperimentsthathave
not been[fully]performed.Themethod ofsimulatingresultsthat have not been fully
performedfallsinlinewiththeuseofmathematicalmodels orequations to predetermine
thesupposedexperimental values,keeping some experimentalattenuation constant.

AtaideandGreca(2013)observed thatPhysicsstudentsshouldhaveadeepunderstanding
ofMathematicalskills andutilizethemwhen itisnecessaryin Physics.Juan (2001)also
supported therelevance of MathematicstoPhysicsunderstanding,by indicating that

Mathematicshad a fundamentalrole to payinmodernscience,since every scientific

theory was rootedonamathematicalmodelor law.Therefore,inadequate possessionof
soundmathematicalskillscanimpedestudents'abilitytoachieveinPhysicsexaminations.

Equationsderived frommathematicalprinciplesallowstudentstodescribe and

predictthebehaviorofphysicalsystems.Inmechanics, forexample,secondary school

studentscanbetaught howtoderive a mathematicalequationthat connects all the

variablesinanexperimental setupusing algebraicsymbols.Forillustration, in an
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experiment to measurethemassofauniformmeterstick (M)inthelaboratoryusing a

knife-edgeandsetofmasses, m. Thecentreofgravity,CGofthemeterstickismeasuredin

arealexperimentwhennomass hangsonit. Byhangingm,ataconstantlengthof5cm

fromthezero-endofthemeterstick,andbalancingithorizontally,perpendicular distance

a(cm)betweenm and knife-edgeandb(cm)betweentheknife-edgeandCG,analgebraic
equationcanbeobtainedformeasurement of thevaluesof'a', 'b' and'M' using the

principleofmomentofforce. From algebra,ma=Mb.50=a+b+5. M=(g).Hence,for
differentvaluesof'm' and'a'.Mcanbeestimatedandtheir averagevaluesobtainedto
representM, experimentally. Theoretically,thevaluesof'a'and 'b'whichtheexperiment
seeksto measure can be obtainedwithoutmeasurement.Since'a'=using algebra,the
valuesof'a'foreachvalueof'm'can becalculated, givenMinthe lastequation.The
valueof'b'iscalculable,given'a'.Whattheresearcherisarguinginthe aboveexample iS

that a littleexperimental measurementoftheconstanttermlikeMina mathematical

equationoranexperimentalsetupisneededtodeterminethevaluesofvaryingparameters
whichexperimentationseeksto achieve. This is achievedwhenthevaluesofother
connectedvariablesintheexperimentlike'm'areknown,withoutfullyperformingthe
experiment.Once Misdetermined by directmeasurement usingleverorelectronic
balance,thevaluesofm like100g, 200gare substitutedintothealgebraicequationoneata
time,thevaluesofthe variables:'a' and 'b'whichtheexperimentseeks tomeasurecanbe

obtainedthroughcalculation.Thisprocedurehasthepropensitytoawakenthecuriosityof
thestudents in problemsolving.Inaddition, it acts asabenchmark for assessingthe
precisionofexperimentalresults.

Algebraisthe theoreticalframeworkofthisstudy. Itplaysa pivotalrolein
bridgingthe gapbetweenmathematicalknowledgeandPhysicsachievement.Algebra isa

branchofMathematicsthat uses symbols torepresent physicalphenomena.Mordern
algebraaccordingto Kvasz (2006) was propoundedbyCardano(1501-1576),whouseda
set of rulestosolveequationof thethirddegree. It alsoencompassestherulesfor
manipulatingsymbols to solveequationsandstudyphysicalphenomena.The use of

algebraicequation tosolveproblemsinpracticalPhysicsisappliedinthemathematical
aspectsofpracticalPhysicsemphasizedin this study.

ToexploretheapplicationofmathematicalknowledgeinunderstandingPractical
Physics,it is important toreviewexistingliteratureon the topic.Severalstudies have

demonstrated thepositiverelationshipbetween mathematicalknowledgeandPhysics
achievement insecondaryschools(Thompson&Steinberg,2014;Smith,2015;Ramirez
&Ramos,2016;Kapucu,etal.,2016;Johnsonetal.,2017;Wuetal.,2017;Chen&Klahr,
2018;Brown& Lee,2019;Huetal.,2019;Lietal.,2021;Chen,etal., 2021). These

studies highlight the significance ofmathematicalskills inconceptualizingandsolving
Physicsproblems,emphasizingtheneedforintegratedapproaches that promote the

developmentof bothmathematical andPhysicscompetencies.However,thestudy
conductedbyWinterand Airey(2022)negatedtheearlierfindings.Theauthorsindicated
thatsuccessinMathematicscanoftenmask a lackofconceptualunderstanding among
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undergraduates.Since thereisnouniformityintheresults of earlier conductedstudies,
there IS theneed to study therelationshipbetween mathematicalknowledgeandPhysics
achievement using structuralequationmodel. Theessenceofstructuralequationmodel
analysis,accordingtoSchumackerandLomax(2010)istomeasurethe extenttowhichthe

theoreticalmodelissupported bysample data.Thestructuralmodel allowsa holistic

analysisof the relationshipsbetweenunobservablephenomena likegraphingskill and

observablephenomenon(Physicsachievement)astheyare enshrinedin the structural

model.

StatementoftheProblem:

ThePhysicsstudents'poorachievementinseniorsecondaryschoolcertificate

examination(SSCE)asshownintheliteratureoverthe pastdecadeshas beenadducedto

poormathematicalskill.Mathematicalskillincludingtheuseofalgebraicexpression iS

verycommonin Physicsteachingandlearning.Theunderstandingofmathematicalskill
by thePhysicsstudentsis an importanttoolfor successinPhysics,including practical
Physics.TheWAECchiefexaminershaveconsistentlyreportedthat the Physicsstudents
hadpoor mathematicalskillsinpracticalPhysics.It is againstthisbackdropthat the

presentstudy isbeingcarriedouttomeasurethelinearrelationshipbetweenmathematical

skillsandachievementinSSCEPhysics.Therefore, theeducationalproblemofthis study
posed as a questionis:howfardoesmathematicalknowledgeactasa cofactor of

secondaryschoolPhysicsstudents'achievementinseniorsecondaryschoolcertificate
examination forsustainabledevelopment?

PurposeoftheStudy
The purposeofthestudywastomeasuremathematicalcompetencies as

determinantsofsecondaryschoolPhysicsachievementforsustainabledevelopment.The
study specificallysought todevelopastructuralequationmodelformeasurementofthe:

1.Beta-weightof the path tween generationofreadings from equationderived
fromthe experimentalsetupafterdirectmeasurements ofsomeconstants in the

experiment'and achievementin Physicsseniorsecondaryschool certificate

examinationin thecombinedmodel

2.Beta-weightofthe path between"applicationofbasicmathematicaloperationsin
practicalPhysics'and achievement inPhysicsseniorsecondaryschoolcertificate
examination in thecombinedmodel.

3. Beta-weightofthepath between'graphingskill'andachievementinPhysicssenior

secondary school certificateexamination 11 thecombinedmodel.

4.Beta-weightofthe path between'deductionsfromthegraph'andachievementin
Physicsseniorsecondaryschoolcertificateexaminationinthecombinedmodel.

5.Existenceorotherwiseof a significantdifferencebetween beta-weightsin the

observedandexpectedstructuralequationmodelofmalePhysicsstudents.
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6. Existenceor otherwiseofasignificantdifferencebetweenbeta-weightsin the

observedandexpected structural equation modeloffemalePhysicsstudents.
7. Existenceorotherwise of asignificantdifferencebetween maleand female

students'beta-weights in thecombinedstructuralequationmodel.

ResearchQuestions

Thefollowingresearchquestionsguidedthestudy:
I. Whatis thebeta-weightofthepathbetween'generationofreadingsfromequation

derived fromtheexperimentalsetupafter directmeasurementsofsomeconstants

intheexperiment'andachievementinPhysicsseniorsecondaryschoolcertificate
examinationinthecombinedmodel?

2. Whatis thebeta-weightofthe path between"applicationofbasic mathematical

operations in practicalPhysics'andachievement in Physics seniorsecondary
schoolcertificateexaminationin thecombinedmodel?

3.Whatis the beta-weightofthepath between'graphingskill'andachievementin
Physicsseniorsecondaryschoolcertificateexaminationinthe combinedmodel?

4.Whatisthebeta-weight of the pathbetween'deductions fromthegraph'and
achievement inPhysicsseniorsecondaryschoolcertificateexaminationinthe
combinedmodel?

Hypotheses
Thefollowingnullhypothesestestedat 05levelofsignificanceguidedthestudy:

HO|:Thereisnosignificantdifferencebetweenbeta-weightsofthepathsinthe
observedandexpectedstructuralequationmodelofmalePhysicsstudents.

H02:Thereisnosignificantdifference betweenbeta-weightsofthepathsin the

observed and expectedstructural equationmodeloffemalePhysics
students.

H03: There isnosignificantdifferencebetweenmaleandfemalestudents'
structuralequationmodels' beta-weights in thecombinedmodel.

Method

Ex-postfacto alsoknownascausalcomparativeresearchdesignwasemployedinthestudy.
Thechoiceofthedesignwas becausetherewasnomanipulationofthevariablesand data

inthe study. ThestudywascarriedoutinNsukka educationzoneofEnuguState,Nigeria
during 2021/2022 academicsession.The populationfor thestudyconsistsof 12,672

studentsin31publicsecondaryschools in Nsukkaeducationzone (Statistical unit,Post
primary schoolsManagementBoard,Enugustate,2022).Thesample forthestudy was

388consistingof204femaleand184malePhysicsstudents.Simplerandomsampling
technique,preciselyballotingwithreplacementwasused to sampletwoschoolseach from

thethreeLocalGovernmentAreasundertheeducationzone:Igbo-Etiti,Nsukkaand
Uzo-Uwani.Ballotingwithreplacement wasalsoused tosampleonlyonestreamofsenior



RET
7 JournalofScienceEducation(JOSCED) Vol.5,No.1 MAP

SETTL

WENTOFSCIENCEBOYS

secondaryschoolthreeScienceclassinthesixschools.There was unequalnumberofthe
students inthe sampled schools.Usingpurposivesamplingtechnique,threeleast
populatedschools wereincluded.Theremainingnumberwassampledusingsimple
ballotingwith replacement.Purposivesamplingtechniquewas adopted tomakesurethat

the leastpopulatedschoolhadachanceofbeingincludedinthestudy. Interviewwasused

asaprimarysource ofdatacollection.Tenresearchassistantswho wereregulargraduate
Physicsteacherswere trained onhowtocollectdatathatwere related to mathematical

competencies in practicalPhysics.They wererecruited as researchassistantsinthestudy
becausetheyshowedevidenceofhavingbecomeWACexaminersin Physics foratleast

two years.Duringtheinterviewsessionswhich lastedforonemonth,studentswerescored

markfor correctdisplayoranswertoaquestionand0mark fornon-possessionofthe
neededmathematicalcompetency.Mathematicalcompetencyin practicalPhysics

questionnaire(MCPPQ)wasused tocollectdata from thestudentsbythe research

assistants duringtheinterview.Students'scoresranging from1-25%,26-50%,51-75%
and76-100%attracted1,2,3and4pointsrespectively. Gradessheetwasusedtocollect
the students' year2022 West African seniorsecondarycertificateexaminations
(WASSCE)results in Physics,whenthey were released.MCPPQwas developed bythe
researcher.Ithad thirty-itemswithfour-pointratingscaleranging from4(VeryHigh
Extent)to1(VeryLowExtent).MCPPQhad twosections:A and B.Section Asought
information ondemographicfactorsoftherespondentswhilesectionBhadfourclusters:

Application of basicmathematicaloperations in practical Physicsforsustainable
development,Generationofreadingsfromequationderived fromthe experimentalsetup
afterdirect measurementsof someconstants in theexperimentforsustainable
development,GraphingskillsforsustainabledevelopmentandDeductionsfromthegraph
forsustainabledevelopment.TheoriginalMCPPQwhichhad 54 items wasbothfaceand
constructvalidatedpriortoits usage. Thefacevalidationtargetedclarity,appropriateness
and structure(positively andnegativelyworded)ofthewordings ofMCPPQ,whereas
exploratoryfactoranalysis(EFA)wasused to measurethealignmentofthefactors of

MCPPQunto latent constructs.ThepreliminaryresultoftheEFAshowedthepresenceof
4 constructswithvalid30items.Theinternalconsistencyreliabilityof MCPPQwas
measuredusingCronbach'salpha.Itsvaluewas .85.Thestudents'SSCEresultsinPhysics
werecollectedusingresearcher-developedgradesspreadsheet.TheSSCEPhysicsgrades
were rated by WestAfricanExaminationsCouncil,WAConnine-pointinverse-stanine
grades:A1,B2,B3,C4,Cs,C6,D7,D&andFo.Theresearcher reversedthescoring of the

collectedgradestoensurethat(i)highergradesattracted higher scoresand(ii).equality
of WAECgradesand MCPPQratingscalewasachievedasfollows:4(A-B3,3(C4-Co),
2(D7-Ds)and1(F9).The structuralequationmodelbasedonthe fourlatentconstructsof
MCPPQwas developed with their respectiveindicatorsusinganalysisof moment

structurescomputerprogramme version20. The path between each of thefour latent

constructsofMCPPQ andSSCEPhysicsgradewassoughtinthemodel.Thedata
submittedforanalysisdid not haveany caseofmissingdata.Maximumlikelihood
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estimationtechniquewas adopted inthestructuralequationmodelparameters'estimations.

Thereason wasbecauseithadhigherprecisionandaccuracy relativetomanymodel
parameterestimators. Beta-weightswere used toanswertheresearchquestionswhile the

nullhypothesesweretestedat.05 levelofsignificanceusingChi-squarestatistic.Forthe

research questions,theinterpretationofregressioncoefficients is asfollows:0.1-0.3(low
positiverelationship),0.40-0.6(moderatepositiverelationship)and0.7-0.9 (highpositive
relationship) andviceversa.The decisionrulefor thehypothesis isthatiftheestimated

probability,pvalueattachedtotheChi-squarevaluewithitsdegreeoffreedomisless than

the .05levelofsignificanceset forthestudy,thenullhypothesisisrejected.Similarly, if
theestimatedprobability,pvalueismorethaniS the .05 levelofsignificancesetforthestudy,
thenullhypothesisofnosignificantdifferenceisaccepted.

Results

ResearchQuestion1:
What isthebeta-weightofthepathbetween'generationofreadingsfromequation

derived from theexperimentalsetupafterdirectmeasurements of someconstants in the

experiment'andachievementin Physicsseniorsecondaryschoolcertificateexamination
inthecombinedmodel?

Table1belowshows thatthebeta-weightofthe path betweengenerationofreadingsfrom
equations from practicalPhysicssetup andSSCEPhysicsachievement inthe direction

shownby thearrow.Theestimatedbeta-weightofthepath is 0.12.

Table1:Thecoefficientoflinear regression betweenthepath:Physicsachievement
andgenerationofreadings from equations in practicalPhysicsinthecombined
model.

LinearRegressionpath Beta-weight

SSCEPhysicsAchievementandGenerationofreadings from 0.21

equationsinpracticalPhysics

Thisisalowpositiverelationshipbetweenthe variablesbeingmeasured.Figure shows

thesample of the evaluated structural equationmodel for combinedmaleandfemale

subgroups.
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Fig1:Structuralequationmodelofmathematical
applicationsinpracticalPhysicsandSSCEPhysicsachievement

combinedsubgroups
for

ResearchQuestion2:
What isthe beta-weightofthepath between'basicpracticalPhysicsmathematical

operations'andachievementin Physicsseniorsecondaryschoolcertificateexaminationin
thecombinedmodel?

Table 2 below shows thebeta-weightof the path betweenbasic practicalPhysics
mathematicaloperationsandSSCEPhysicsachievementinthedirectionshown by the

arrow.Theestimatedbeta-weightofthe pathis0.44.

Table 2:Thecoefficientoflinearregressionbetweenthepath:Physicsachievement
and basicpracticalPhysicsmathematicaloperationsinthecombined
model.

LinearRegressionpath
SSCEPhysicsAchievement andBasicpracticalPhysics

Beta-weight
0.44

mathematicaloperations

Thevalueofthe path coefficientshows thata moderatepositiverelationship between

SSCEPhysicsAchievementandbasic practical Physicsmathematicaloperations.
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ResearchQuestion3:
Whatis the beta-weightofthepath between'graphingskill'andachievementin

Physicsseniorsecondaryschoolcertificateexaminationinthecombinedmodel?
3InTable3below,thebeta-weightofthe path betweengraphingskillin practical

PhysicsandSSCEPhysicsachievementinthedirectionshown bythearrow hasathatis

value equal to 0.22.

Table3:Thecoefficientof linear regressionbetweenthepath:Physicsachievement

andgraphingskillinpractical Physics inthecombinedmodel.

LinearRegressionpath Beta-weight
SSCE PhysicsAchievementandGraphingskillinpractical 0.22

Physics

The value ofthe path coefficientshowsthatalowpositiverelationshipbetweenSSCE

PhysicsAchievementandgraphingskill in secondaryschoolpracticalPhysicsexists.

ResearchQuestion4:
What is thebeta-weightofthe path betweendeductionsfromthe graph' and

achievementinPhysics seniorsecondaryschoolcertificateexaminationin thecombined
model?

Table4belowshowsthe path betweendeductions fromthegraphinpracticalPhysics
andSSCEPhysicsachievementinthedirectionshownby thearrow.Theestimated

beta-weightof thepathis0.17.

Table4:Thecoefficientoflinearregressionbetweenthepath:Physicsachievement
anddeductionsfromgraph in practicalPhysicsinthe combinedmodel.

LinearRegressionpath Beta-weight
SSCEPhysics Achievement and Deductionsfrom graph in 0.17

practicalPhysics

The value of the path coefficientshows that alowpositiverelationshipbetweenSSCE
PhysicsAchievementanddeductionsfromthe graphinpracticalPhysicsexists.

Hypotheses:
HO: There is nosignificant differencebetweenpath coefficientsintheobservedand

expectedstructuralequationmodelofmalePhysicsstudents(p .05).

5Table5showsthe resultofthe Chi-squaretestformalePhysicsstudents'model.
TheChi-squarehasavalueof435.172.Thedegreeoffreedominthe model,associatedto
the Chi-squareis 425. Thesignificanceattachedto thestatedChi-squareanddegree of

freedomvalues forthemodelhasavalueof.356.
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Table5:TheChi-squarevalueformalePhysicsstudents'model.
Chi-square df Significance Decision

435.172 425 .356 Acceptnullhypothesis

Sincethesignificancevalueof.356ismorethan .05levelofsignificancesetfor the study,
thenullhypothesiswhichpositsthatthere is nosignificancedifferencebetweenobserved
andexpectedpath coefficientsinthestructuralequationmodelis accepted.This means

that bothsetsofdata(theoreticalandempirical)fit the pathmodelbasedonthehypothesis
ofsimilarpathcoefficients.TheChi-squaresignificanceshowsthat theregressionweights
inthemalestudents'modelwere validenoughtobe accepted.

H02:There isnosignificant differenceofpath coefficients in theobservedandexpected
structuralequationmodeloffemalePhysicsstudents(p .05).

Table6shows the resultoftheChi-squaretestforfemalePhysicsstudents'model.
TheChi-squarehasavalueof477.982. The degreeoffreedominthemodel,associatedto
the Chi-squareis 425. ThesignificanceattachedtothestatedChi-squareanddegree of
freedom values forthemodelhasavalueof.068.

Table6:TheChi-squarevalue forfemalePhysicsstudents' model.

Chi-square df Significance Decision

477.982 425 068 Acceptnull

hypothesis

Sincethesignificancevalueof.068 ismorethan.05level ofsignificancesetfor thestudy,
thenullhypothesiswhichpositsthatthere is no significancedifferencebetweenobserved
and expectedpathcoefficientsinthestructuralequationmodelisaccepted.Thismeans
thatbothsetsofdata (theoreticalandempirical)fitthepathmodelbasedonthehypothesis
ofsimilarpathcoefficients.TheChi-squaresignificanceshowsthattheregressionweights
inthefemalestudents'modelwerevalidenoughtobeaccepted.

H03: Thereisnosignificant differencebetweenmaleand femalestudents'structural

equationmodels' path coefficients (p .05).

Table 7 showstheresultoftheChi-squaretest for thecombinedmaleandfemale

Physicsstudents'model.TheChi-square hasavalueof409.621.Thedegreeoffreedomin
themodel,associatedto theChi-squareis425.The significance attachedtothestated

Chi-squareanddegreeoffreedomvaluesfor themodelhasavaluea of .695.
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Table7:TheChi-squarevalueforthecombinedPhysicsstudents' model.

Chi-square df Significance Decision

409.621 425 .695 Accept null

hypothesis

Sincethe significancevalue of.695 ismorethan .05 levelofsignificancesetforthe
study,thenullhypothesiswhichposits thatthere isno significance differencebetween

observedandexpectedpathcoefficientsin thestructuralequationmodelisaccepted. This

meansthatbothsetsofdata(theoretical andempirical)fit the pathmodelbased onthe

hypothesisof similar path coefficients.The Chi-squaresignificanceshowsthatthe
regressionweightsin thecombinedmaleandfemalestudents'modelwerevalidenoughto
beaccepted.

DiscussionoftheFindings
Thefindingsofthestudyshowedthatapositivea linearrelationshipexistbetween

SSCEPhysicsachievement andgenerationofreadings fromequationsinpracticalPhysics.
BasicpracticalPhysicsmathematicaloperations,graphingskillsanddeductionsfromthe
graph have positive linear relationshipwithSSCEPhysicsachievement. Basic practical
Physicsmathematicaloperationhasthehighestlinear relationshipwithSSCEPhysics
achievementintermsofstandarddeviationunits In themodel.Graphingskillis followed

bygenerationofreadingsfromequationsintermsofexplainingthevariance inSSCE

Physicsachievement.The leastpositivecontributor in the explanation ofthevariancein

SSCEPhysicsachievementinthemodelwasdeductionfromthegraph.Thefindingsarein
tandemwithearlierstudies(Thompson&Steinberg,2014;Smith,2015;Ramirez&Ramos,
2016;Kapucu,etal.,2016;Johnsonetal.,2017;Wuetal.,2017;Chen & Klahr,2018;
Brown&Lee,2019;Huetal.,2019;;Lietal.,2021;Chen,etal.,2021)whichstatedthata
positivelinearrelationship existedbetweenmathematicalknowledgeandPhysics
achievement.However,thepresent finding is atvariancewith the findingofWinter and

Airey(2022),who indicatedthatmathematicalknowledgewasnotafactor in the

predictionofPhysicsachievement. None ofthe studies reviewed utilizedstructural

equationmodel(SEM)totestthelinearrelationshipsbetweenthemathematicalconcepts
applied to practicalPhysicsandSSCEPhysicsachievement.SEMis a hybridmodel for

studyingtherelationshipsbetweenlatentandobservedvariablesas awhole.Themodel

providedagoodfit tothedata. Itwasalsofoundoutthat thepathcoefficientsweresimilar
for maleand femalesub-samples. Thismeansthattheresultofthisstudycan beappliedto
bothmaleandfemale sub-samples.

ConclusionandRecommendations

Mathematicalknowledge is positivelyrelatedtoPhysicsachievement.Itis
recommendedthatPhysics teachers should emphasizemathematicalknowledgein
practicalPhysicsclassesforattainmentofsustainabledevelopmentgoals.
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