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ABSTRACT

This study examined the deter minants senior secondary school of students’ logical
reasoning and mathematics achievement. Three factors; age, sex and class level
wereviewed asdeterminants of students’ logical reasoning. Ex-post-factoresearch
design was used for the study and the sample size was 420 senior secondary
school students in Olamaboro Local Government Area of Kogi State-Nigeria.
Threeresearch questions wer e raised and three hypotheses al so stated and tested
at 0.05 level of significance. The instrument used for data collection was
“ Mathematical Reasoning Test (MRT)” developed by the researchers and
validated by two mathematics Educators and one measurement and evaluation
lecturer. The reliability of the instrument was determined using inter-rater
approach and kendall’s coefficient of concordance statistic gave .84. Data was
analysed using t-test and analysis of variance. The findings revealed among
others that; age and class levels determine students' logical reasoning in
mathematics. It wasrecommended that age and classlevel should be given serious
recognition in planning and organizing the mathematics curriculum.
Keywords: Logical Reasoning, Problem-Solving, Mathematics Achievement

INTRODUCTION

M athematicsisrecognized asan instrument of education which strengthensthe power of
attention, develop the sense of order and of construction. Itisan activity whichrequiresal
armson desk for desired outcome. It also requires problem solving which isthe most
important strand in mathematics. Some problemsin mathematicsinvolvesinglestep, two
step, and multi-step towards getting their solution. For instance, thetrand ation of words
problem into mathematicsand the skill of solving such problem requiremulti-stepwhichis
crucia andinvolved critical thinking. Developing critical thinking isan essential goal of
mathematics education. Thelogical thinking and mathematical reasoning used to solve
multi-step mathemati cs problems devel opsthecritical thinking necessary tofacelife's
more complex situations. L ogical reasoning holds everything together in most science
subjectsand mathematicsin particular. Thus, logica reasoning facilitatesstudents' ability
towards solving most problemsin mathematics correctly. The ability to manipulatethese
mathematics conceptshasbeenidentified with Piaget’ sstage of concrete operation, which
theoretically emergesfrom ages 11 and aboveyears.
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Studieshave shown that age haspositive effect on students' achievement and that,
theuse of abstraction increasewithincreasing age (MarryCross, 2004; Ohuche & Otada
2002). Also, Fajemidagha (2003) assert that, the chronol ogical ageisdesignated and
specified for each of thestudents, isaninteraction of cognitive skillsand experiencesused
inthe performance of logical reasoning of thought (Abebe, 2001). To better understand
student learning obstaclesand cultivate creative thinking ability, teachers need to assess
student solution proceduresin detail, especidly themultiplerepresentationsfor their solutions,
including formulas, graphsand language. Thiswill hel ptheteschersto determineif Sudents
misunderstand acertain concept or are stuck at aspecific point. Teacherscan then provide
moreeffective guidanceto studentstaking their ageinto consideration.

Another variable that seemsto determine students’ logical reasoningisgender.
Brandy and Eisten (1995) had shown that thereisaconsiderableinconsistency inthe
literature asto thenature, extent and sourcesof biasinthedifferentid performancesbetween
boysand girlsin mathematics. The authors noted that with theinconsi stent findingsand
significant methodol ogical flaws observed, more empirical researches are needed to
investigate the existence of gender biasin the classroom. Thisis probably why Kadiri
(2004) noted that available literatures have not been ableto identify asingledirection of
differencein performancein mathematics between mal eand femal e students subject tothe
inequalitiesinther physiologica structures.

Findings of some research studieshavereported no statistical differenceinthe
performance of boysand girlsin mathematical tasks, while somereported differencesin
favour of thefemaleand vice-versa. For example Jahun (1989), Smith and Walker (1988)
indicated differencesin performanceinfavour of thefemaes, while Sdman (1997), Aiyedun
(2000), Jahun and Momoh (2001), Abiam and Odok (2006) reported non-significant
datisticd differenceinthe performance of maleand fema e studentsin mathematical tasks.
Adeleke (2007) equally observed that, problem solving performance of studentsisnot
sengtiveto gender. Also, Reyesand Stanic (1988) reported that male studentsachieved a
higher level in mathematics. However, thereisstill need to investigatetheway maeand
fema e students’ reason mathematicaly. Thisstudy thereforeamedto exploretheinterplay
between the determinants of students’ logical reasoning and mathematics achievement.
Themain purposeof thisstudy isto ascertain the determinantsof sudents logical reasoning
inmathematics. Specificaly thisstudy hopesto:

1 Determine the extent to which age influences students' logical reasoning in
mathematics.

2. Determine how malelogical reasoning differsfrom their female counterpartsin
mathematics.

3. Determinethe extent towhich classlevd influencesstudents logical reasoningin
mathematics.

Research Questions

1 What istheachievement mean score of studentsbased ontheir agein mathematical
reasoning test?
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2. What i stheachievement mean score of sudentsbased onther sex in mathematica

reasoning test?

3. What is the achievement mean score of students based on their classlevel in
mathematical reasoning test?

Hypotheses

Hol Thereisno significant difference among the achievement mean scoresof students
based on their agein mathematical reasoning test.

Ho2. Thereisno significant difference between the achievement mean scoresof male
and femal e studentsin mathematical reasoning test.

Ho3. Thereisnosgnificant difference among the achievement mean scoresof students
based ontheir classlevel in mathematical reasoning test.

METHOD

Theresearch designfor thisstudy isex-post-facto reseerch design. Thisdesignisappropriate
becausetheresearchersare only linking age, sex, and classlevel tological reasoning and
achievement in mathematics. Thestudy wascarried in Olamaboro Local Government of
Kogi State, Nigeria. The samplefor this study was 420 senior secondary students, 140
each of SSI, Il and I11. Simple random sampling technique was used to draw seven (7)
schools from 21 schools and four hundred and twenty (420) SS students from the 7
schools. Theinstrument for data collection was M athematical Reasoning Test (MRT)
designed by theresearchers. Thereasonfor using MRT isto prevent guesswork and to
seelogica andillogica sequencefollowed by the sudentsto solve mathemeatical problems.
Theinstrument ismade up of ten (10) essay questionswith fivestepseachto arriveat the
correct answer. TheMathematical Reasoning Test (MRT) wasdesigned by theresearchers
inlinewith the students' curriculum in senior secondary schools. Theinstrument was
validated by two mathematics Educators and one measurement and eval uation lecturer.
Test-retest method was used to determinethereliability of theinstrument. Therdiability
coefficient wasfound to be 0.84 using Pearson product moment correl ation method.

Theresearcherspersonally administered the test to senior secondary studentsin
all seven (7) public secondary schoolsthat were randomly drawn. All the paperswere
retrieved at the spot and there was 100% return rate. In the analysis, students' correct
solving step (CSS) wastaken astheir logical reasoning whileincorrect solving steps(1CSS)
wastaken asillogica reasoning. Each questionintheinstrument hasfivestepsto arriveat
thefinal solution, and carriesfive (5) marks. When astepiscorrectly solved, amark is
assigned to that step otherwisethemark isaward to incorrect solving. Thedatacollected
wereandyzed using descriptivesaigtics, t-test datisticand Analysisof variance (ANOVA).
Thedescriptive Satigticswasused to answer theresearch questionswhilet-tess andANOVA
wereused totest thenull hypothesisat 0.05 level of significance.
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RESULTSAND DISCUSSION

With regard to correct solving steps (logical reasoning), table 1 showsthat, 80 students
whoseageis 14 yearsand bel ow had amean of 23.25, 177 studentswhose ageisbetween
(15-17) yearshad amean of 28.59 and 163 studentswhose ageisabove 17 yearshasa
mean of 28.24. However, inthe studentstotal incorrect solving steps(illogical reasoning)
themean for thethree age categoriesare 26.94, 21.37and 21.83 respectively. Fromthis
result, studentswhose agesare (15-17) yearsand above 17 yearshave similar logical
reasoningin mathemetics. Thestudentsin these age categorieshave higher logica reasoning
in mathematicsthan thosewhose ageis 14 yearsand bel ow. From table 2, themean score
of male studentswas 27.48 while that of the female studentswas 27.39 in their total
correct solving steps (logical reasoning). However, inthe studentstotal incorrect solving
steps, (illogical reasoning) themean of themalestudentsis 22.65whereasthat of their
female counterpartsis22.57. Fromthisresult, both male and femal e studentshavesimilar
logical andillogica reasoningin mathematics.

From table 3, SSI students had a mean of 22.48, SSII students had mean of
27.78 and SSl 11 studentshad mean of 32.05intheir total correct solving steps(TCSS) or
Logica Reasoning (LR) Fromthisresult studentswhoseclassleve are SSIH1 have higher
logical reasoning in mathematicsthan thosewhoseclasslevel areSSI| and SSI. However,
inthe studentstotal incorrect solving steps(TICSS) or Illogical Reasoning (ILR), the
mean for the three class levels (SSI, SSII and SSIII) are 27.49; 22.29 and 18.05
respectively.

Theresult presented on table 4 shows students|ogical reasoning based on age.
Thetotal correct solving step pointsand total incorrect solving step point were used for
theanalyss. Asindicatedinthetable, thef-ratiofor total correct solving stepswasobtained
as15.32with 0.000 level of significance. Also, for thetota incorrect solving steps, thef-
ratiowas 16.89with 0.000leve of significance. In both cases, the probability level (0.000)
obtained waslessthan thelevel of significance (0.05) set by theresearcher. Therefore, the
hypothes sthat agewill not havesgnificant influenceamong sudentsintheir logical reasoning
in mathematics was not upheld. Thisimplies age have significance on studentslogical
reasoning in mathematics.

Table 5 showsthat independent t-test analysis of studentslogical reasoningin
mathematics based on sex. Thetableindicated that for total correct solving steps(TCSS)
or Logica Reasoning (LR) pointsthet-calculatedis0.12 with 0.910 probability level, lso
for total incorrect solving step (TICSS) or Illogical Reasoning (ILR) thevaueof t=0.10
with 0.92 probability level wasobtained. The probability valuefor TCSSLogica Reasoning
(LR) and TICSSIIlogica Reasoning (1L R) wasthen comparedwith 0.051eve of sgnificance
et by theresearchersand theresult wasfound not significant. Thehypothesisthat, sex will
not havesignificant influence on student'slogical reasoningin mathematicswasupheld.

Analysisof dataon table 6 revealed that, F-computed from TCSS or Logical
Reasoning (LR) and TICSSor Illogical Reasoning (ILR) are 70.62 and 69.75 respectively.
The associated probability levelsare 0.000 and 0.000 respectively. These probability
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levelswere compared with 0.05 leve of significance set by theresearchersand therewere
found to belessthan 0.05. Based onthis, the null hypothesiswhich statesthat, classlevel
hasno sgnificanceinfluenceamong studentsintheir logica reasoningin mathematicswas
not upheld. Thisimpliesthat classlevel significantly influencestudents logica reasoningin
mathematics. Thefinding of thisstudy reveal ed that; ageand classlevel havesignificant
influenceon studentsintheir logica reasoningin mathematicswhilesex, haveno sgnificant
influence on studentslogical reasoning in mathematics. Thetesting of null hypothesisone
established that age hasasignificant influencein sudents logical reasoning in mathematics.

Theanalysisshowed that studentsof age 15 and above displayed identical logical
reasoning faculty whichwassgnificantly different fromthoseof age 14 and below. Although
thisstudy was not design to establish the stages of students logical reasoning, it seemsto
support Piaget ideathat human mental structure devel opment areinstagesandit'safunction
of age. Thefindingsof thisstudy isinlinewith that of MarryCross (2004) and Ohucheand
Otada (2002) who noted that age has positive effect on students' achievement with
abstractionincreasing asageincreases. Table 3 and 4 reved ed that sex hasno significant
influence on students logical reasoningin mathematics.

Thefinding isin sharp contrast to theworks of Jahun (1989), Smith and Walker
(1988) who found differencein performancein favour of female. Thefinding of the study
isalso in disagreement with that of Reyer and Stanic (1988) who reported that male
sudentsachievehigher in mathematicsthan female. Thefinding of thisstudy isin consonant
with that of Jahun and Momoh (2001), and Abiam and Odok (2004) who reported non-
sgnificant difference between maleand femal e mathematica task. However, rgecting nulll
hypothesi sfivewnhichindicatesthet dassleve sgnificantly influencestudentslogica ressoning
in mathematics can be said to be in agreement to thework of MaryCross (2004) who
studied the effect of mastery |earning strategy in secondary school students cognitive
achievement in mathematics. Her study reveal ed that the mastery learning strategy hasa
positiveeffect on students achievement in mathematics. Thesefindingsarein compromise
becausethevariousclasslevels seem to describe the student level of mastery. Students
don't crossfrom oneclasslevel to another without showing some evidence of mastery of
the content of the previouslevels.

Thefindingsof thisstudy call onthe curriculum planner and teachersto bear in
mind theinfluence of ageand classlevel onthecontent of themathematicscurriculum. The
organisation of thiscontent into syllabus, scheme of work and unit of work for thevarious
classlevelsshould consder theagelimit of thoseét that level. Thefinding of thisstudy has
shown that logical reasoning isnot gender sensitive as such; students are expected to
perform equally irrespective of their gender. To theteachers, thefindingsof thisstudy cals
on the mathematicsteachersto adopt instructional methods and strategiesthat will give
students equal |earning attention rather than focusing on aparticular gender or sets of
studentswith certain attractive background. Specia attention should be given to students
based on individual weaknesses rather than on general factors as sex and parental
background or status.
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Table 1: Mean and standard deviation of students' logical reasoning in mathematics according to age.

Variables N X D
TCSSor logical reasoning 14 years and below 5] 2325 626
(15-17) years 177 2859 765
Above 17 years 163 2824 797
Total 420 2744 779
TICSSor illogical reasoning 14 years and below 5] 2694 642
(15-17) years 177 2137 745
Above 17 years 163 2183 783
Total 420 26l 772

Where: TCSS =Total correct solving stepsor (logical reasoning);
TICSS =Total incorrect solving stepsor (illogical reasoning)

Table2: Mean and Standard Deviation of Students logical reasoning in Mathematics
according to sex

Sex N D
TCSSor logical reasoning Mae 210 2748 798
Femde 210 2739 7.62
TICSSor (illogical reasoning) Male 210 2265 795
Femde 210 257 749

Table 3: Mean and Standard Deviation of students logical reasoning in mathematics
accordingto classlevel

Classlevel N D
TCSSor Logical Reasoning (LR) SSi 140 248 58
SSil 140 21718 712
SSlI 140 2056 712
Total 420 2144 779
TICSSor Illogical Reasoning SSi 140 2749 595
SSil 140 229 679
SSlI 140 1805 727
Total 420 261 772
Table4: Analysisof variance (ANOVA) of students |ogical reasoning based on age
Group Sum of df Mean F S9 Decision
TCSSor Logica Between Square Square
Reasoning (LR) groups 174170 2 870.8515.32 0000 S
Within groups 23701.56 417 56.84
Total 25443.26 419
TICSSor lllogical Reasoning Between groups  1869.62 2 934.8116.89 0.000 S
Within groups 23076.35 417 55.34
Total 2494596 419

Table5: t-test comparison of mean scoresof male and femal e students' logical andillogical reasoning

Sx N sD df tca tcrit Decision

TCSSor Logica Reasoning (LR) Male 210 2748 7.98 418 12 91 NS
Femade 210 27.39 7.62

TICSSor Illogical Reasoning (ILR) Male 210 2265 7.95 418 .10 92 NS
Femade 210 2257 7.49
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Table6: Analysisof variance (ANOVA) of students logical Reasoning in mathematics

based on classlevel
Class Sum of Square  df Mean Square F Sg Decision
TCSS or Logica Between
Reasoning (LR) Groups .6437.54 2 3218.77 70.62 0.000 S
Within groups 19005.72 417  45.58
Total 25443.25 419
TICSS or lllogica Between
Reasoning (ILR) Group 6252.35 2 3126.67 69.75 0.000 S

Within Group 186992.61 417  44.83
Total 24945.96 419

=0.05

CONCLUSIONAND RECOMMENDATIONS

Thisstudy exploretheinterplay between the determinants of students' logical reasoning
and mathemati csachievement. Itsfocusisto ascertain the determinants of students logical
reasoning in mathematics. Thefindings seem to be drawing the attention of the school
administratorsthat much caresisrequired inthe organisation of learning activitiesinto
school levelsand the implementation of policiesinthisregard. Student should not be
promoted unnecessary from one level to the other without meeting the necessary
requirements. Student should not bea lowed tojump to ahigher classwithout considering
their agesand mastery of the content of previousclass. Based on thefindingsof thisstudy,
itisrecommended that:

Students age should be given seriousrecognition in planning and organising the
mathematics curriculum and proper attention should be taken to ensurethat the
implementation of the mathemati cscurriculumisin conformity with theexpected
agerange of the studentsto make teaching and learning of mathematicsawork
wiseexercise.

Consciouseffort should be madeto discourage sex stereotyping in theteaching
and learning of mathematics. All form of biasassociated with sex stereotypingin
mathematicsor mathematicsrel ated courses should be di ssuaded and discouraged.
Therigidity of the mathematics curriculum across classes should beadhered to. It
isof no essence making it flexiblefor easy modification by teachersand local
education authority. Therefore, mathemati csteachers shouldinnovatively teach
mathematics according to stipul ated classes.

Teachers should make student to acquire problem solving and creativethinking
abilitiesthat canhelp dl levelsof studentstolearn mathwell. Under thispremise,
teachersneed to adopt multiple materiad sand instructiond strategiesto encourage
studentsto do discussion, interpretation and innovation. Inthisway, studentswill
betrained to think about mathinstead of memorizing math.
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