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ABSTRACTABSTRACTABSTRACTABSTRACT    

This study investigated the effect of partitive variation teaching strategy on pupils’ 
motivation and academic performance in basic five algebra in Benue state, Nigeria. 
The quasi experimental, pretest-posttest design was adopted for the research. Four 
schools were systematically selected in Zone B education zone of the state. There 
were 113 pupils (54 male, 59 female) in the experimental group and 141 pupils (77 
male, 64 female) in the control group. Two research questions and two hypotheses 
guided the study. There were two instruments used for the study: the algebra 
performance test (APT) which was an objective test and the Algebra Motivation 
Questionnaire (AMQ). These were administered on the respondents before and 
after teaching using carefully prepared lesson plans for both groups of pupils. The 
experimental procedure took 6 weeks from training to completion. The data 
collected were analysed using SPSS for Windows analytical software. Means and 
standard deviations were used to answer the research questions. The multivariate 
analysis of covariance (MANCOVA) was used to compare the means of motivation 
ratings, while analysis of covariance (ANCOVA) was used to test the hypotheses at 
0.05 level of significance. Findings revealed that there was statistically significant 
difference F (6,490) = 44.64; P = 0.00 < 0.05 in the mean motivation ratings and 
mean performance F (3,245) = 43.12; P = 0.00 < 0.05 between the experimental 
and control groups. The study concluded that the partitive variation teaching 
strategy motivates pupils and improves algebra performance among Basic 5 pupils.    
KeywKeywKeywKeywordordordordssss:partitive variation, motivation, performance, algebra, Basic school 
 
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION     
Mathematics education undoubtedly takes center stage in a world of 
unending scientific and technological advancements, as human kind 
continually seeks answers to questions about its needs and those of the 
society. Countries continue to place premium on the teaching and 
learning of school mathematics. Students need to acquire mathematical 
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knowledge and skills to compete and survive in life as well contribute 
their own quota to their immediate society and the world at large. These 
skills include logical reasoning, problem solving, and the ability to think 
in abstract ways. The challenge in education today however, is to 
effectively teach students of diverse ability and different pace of learning 
so they are able to learn mathematics by developing positive motivation 
and improved performancesin mathematics learning. 

Motivational theories seek to investigate what gets individuals to move 
towards what activities and to describe the characteristics of these 
activities (Pantziara&Philipou, 2015). Motivation is defined as an 
internal state that arouses, directs, and maintains behavior, but simply 
stated motivation is a reason of students’ thinking in a given situation 
(Garut, 2011).  Motivation may also be seen as a theoretical concept 
utilized to clarify human behaviour. It provides the motive for human 
beings to react and fulfill their needs (Gopalan, Bakar, Zulkifli, & Mat, 
2017). The question of how to motivate students in the classroom has 
become a leading concern for teachers of all disciplines. 
 
Addressing the issue of content, Iji and Omenka (2015) found that the 
responses of the subjects involved in their study showed poor agreement 
in the classifications of the mathematics concepts in algebra, number 
and numeration, geometry, trigonometry and statistics. The high rate 
of failure in public examination in Nigeria remains a huge problem to 
researchers, teachers and indeed all stakeholders in education. Studies 
have identified factors responsible for the high rates of failure to include 
among others, students’ negative attitude to the subject, lack of 
qualified teachers, inadequacy of teachers, lack of necessary learning 
skills, specialized language of the subject and inadequate and unsuitable 
textbooks. Also, it has been established that there is a significant 
relationship between teachers’ method of teaching, teachers’ attitude 
and students’ achievement in mathematics (Avong, 2013; Daso, 2013).  

The variation teaching strategy which is based on the variation theory is 
one of those novel teaching strategies employed by mathematics 
teachers. Variation theory is a theory of learning and experience that 
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explains how a learner might come to see, understand, or experience a 
given phenomenon in a certain way and why two students sitting in the 
same class might come to understand a concept differently. It is a 
necessary component in teaching in order for students to notice what is 
to be learned (Bussey, Orgill&Crippen, 2012; Learning Project Team of 
HKU, 2011; Kullberg, Kempe&Marton, 2017).  

Lai and Murray (2013) opine that procedural variation is derived from 
three forms of problem solving in algebra: Varying a problem; 
extending the original problem by varying the conditions, changing the 
results and generalization.Partitive Variation Teaching Strategy (PVTS) is 
when a part or parts of a particular problem are held constant, while 
other parts are changed. For example, given y = 2, evaluate: 

a. 5y 
b. 5y – 3 
c. 5y2 – 3 
d. 5y2)2 – 3 

It can be used to address individual differences in the classroom by 
allowing students to draw upon their personal experiences and apply 
them in their learning (Cheng, 2016).Random Variation Teaching 
Strategy (RVTS) on the other hand refers to the teaching of algebra, in 
which cases, entire set of problems come with a varied structures.For 
example, given that y = 2, evaluate: 

a. x + 5 
b. 4x – 9 
c. 3x2 + 7 
d. 9 (x – 2) 

The object of learning for both examples is to evaluate algebraic 
expressions by substituting letters for numbers. A mathematics 
pedagogy that is rooted in variation is one that purposefully provides 
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learners with the means to experience variation through strategically 
designed activities in order to create a mathematically rich learning 
environment that allows learners to discern the object of learning. It is 
defined by its critical features that must be discerned in order to 
constitute the meaning aimed for. So as a pedagogic approach, a pattern 
of variation is a useful tool for structuring teaching to make the 
learning of the object of learning possible (Mhlolo, 2013). This 
ultimately leads to improved performances as evidenced by a number of 
studies.  

The study by Ifelunni, Ugwu, Aneke, Ibiam, Ngwoke, Ezema, Charles, 
Oraelosi, & Ede (2019) investigated motivation as a determinant of 
academic achievement of primary school pupils in Mathematics in 
South-East, Nigeria. A population of 357,115 primary 5 pupils in all the 
5,378 public primary schools in South-East, Nigeria was used for the 
study. The sample for the study comprised 400 primary 5 pupils. The 
findings of the study revealed, among others that there is a significant 
correlation between intrinsic motivation and primary school pupil’s 
academic achievement. Liu (2018) carried out a study on “Potential 
reciprocal relationship between motivation and achievement: A 
longitudinal study”. It included students from 1,052 high schools across 
the United States. Motivation had a greater influence on follow-up 
mathematics achievement (0.079, p<0.001). Jing, Tarmizi, Bakar and 
Aralas (2017) investigated the effect of utilizing Variation Theory Based 
Strategy on students’ algebraic achievement and motivation in learning 
algebra. The study used quasi-experimental non-equivalent control 
group research design and involved 56 Form Two (Secondary Two) 
students in two classes (28 in experimental group, 28 in control group) 
in Malaysia. Result from analysis of covariance (ANCOVA) indicated 
that the experimental group students achieved significantly better test 
scores than the control group. In addition, result of Multivariate 
Analysis of Variance (MANOVA) also showed evidences of significant 
effect of VTBS on experimental students’ overall motivation. These 
results suggested the utilization of VTBS would improve students’ 
learning in algebra. Effect of integrated curriculum delivery strategy on 
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secondary school students’ achievement and retention in Algebra in 
Benue state was experimented by Anyor and Iji (2010). The population 
comprised 1,368 Senior Secondary 1 students out of which 149 were 
purposively sampled. The study found among other things that 
Integrated Curriculum Delivery Strategy (ICDS) enhanced students’ 
achievement and retention in algebra taught during the course of the 
study. The ICDS highlighted the importance of creativity which is akin 
to the partitive variation teaching strategy, in the teaching and learning 
of algebra in schools. These empirical studies provided gaps and 
conclusions which were further investigated in the present study. 

The following research questions guided the study: 

i. What is the effect of the PVTS on the mean motivation ratings of 
Basic 5 pupils as compared to those taught using the RVTS? 

ii. What is the effect of the PVTS on the mean algebraic performance of 
Basic 5pupils as compared to those taught using RVTS? 

Two corresponding null hypotheses were formulated and tested at 0.05 
level of significance:  

i. There is no significant effect of the PVTS on the mean motivation 
ratings of Basic 5 pupils as compared to those taught using the RVTS. 

ii. There is no significant effect of the PVTS on the mean algebraic 
performance of Basic 5pupils as compared to those taught using 
RVTS. 

MATERIAL AND METHODS MATERIAL AND METHODS MATERIAL AND METHODS MATERIAL AND METHODS     
The quasi experimental, pretest-posttest, control group design is 
adopted for the study. This design is seen as suitable due to the inability 
to manipulate and randomize the respondents who were primary school 
pupils studying in Basic Five. Denga (2017) posited that quasi-
experimental studies are conducted under conditions that do not permit 
control, manipulation of variables or random selection. Random 
assignment can be achieved but the intact groups coupled with 
administrative constraints (random selection may lead to a disruption 
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of school organization and classes) do not allow randomization, control 
or manipulation. It is an investigation of the effectiveness of a teaching 
method where random selection of subjects is not possible being a good 
example, in this study, the Partitive Variation Teaching Strategy.  

The area of study is Benue Education Zone B, also called Benue North 
West Senatorial Zone. The population comprised20,895 pupils from 
1,804 primary schools in Zone B education zone of Benue state (SUBEB, 
Makurdi, 2019). The sample for this study was 254 pupils. There was a 
total of 113 pupils (54 male and 59 female) in the experimental group, 
while the control group had 141 pupils (77 male and 64 female).  

Procedure Procedure Procedure Procedure Methodology Methodology Methodology Methodology     
The study made use of 2 instruments: Algebra Motivation 
Questionnaire (AMQ) and the Algebra Performance Test (APT). The 
AMQ was a 30-item motivation questionnaire containing both 
pleasant (positively skewed) and unpleasant (negatively skewed) items, 
designed by the researcher. The Algebra Performance Test (APT) was a 
20-item test set by the researcher. There were 2 sets of lesson plans for 
the research in each sub-topic treated, one for the Partitive Variation 
Teaching Strategy (experimental group) and the other for the Random 
Variation Teaching Strategy (control group). Some lesson plans were for 
a period of 1 hour, while others were for 30 minutes. 

Statistical Statistical Statistical Statistical Analysis Analysis Analysis Analysis     
The means and standard deviations of the variables studied were used to 
answer the research questions. The Analysis of Covariance (ANCOVA) 
was used to test the hypotheses relating to students’ algebraic 
performance. Motivation on the other hand, was analysed using 
Multivariate Analysis of Covariance (MANCOVA) with data obtained 
from the AMQ. Both hypotheses were tested at 0.05 level of 
significance. 

RESULT RESULT RESULT RESULT     
The data is presented according to the objectives of the study. This is 
done by placing data for a research questions first and followed 
immediately by the corresponding hypothesis.  
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Research question Research question Research question Research question oneoneoneone:::: What is the effect of PVTS on the mean ratings 
of Basic 5 pupils’ motivation as compared to those taught using the 
RVTS?  

Table 1:Descriptive statistics for mean motivation ratings in the experimental and control Table 1:Descriptive statistics for mean motivation ratings in the experimental and control Table 1:Descriptive statistics for mean motivation ratings in the experimental and control Table 1:Descriptive statistics for mean motivation ratings in the experimental and control 
groupsgroupsgroupsgroups    

     Experimental (N = 113)Experimental (N = 113)Experimental (N = 113)Experimental (N = 113)    Control (N = 141)Control (N = 141)Control (N = 141)Control (N = 141)    
 MotivationMotivationMotivationMotivation    MeanMeanMeanMean    Std. Std. Std. Std. Dev.Dev.Dev.Dev.    MeanMeanMeanMean    Std. Dev.Std. Dev.Std. Dev.Std. Dev.    
Posttest Attention 3.62 0.25 2.26 0.38 
 Relevance 3.29 0.34 2.73 0.38 
 Confidence 3.04 0.42 2.85 0.43 
 Satisfaction 3.10 0.44 2.86 0.37 
 Interest 3.22 0.35 2.71 0.41 
 TotalTotalTotalTotal 3.263.263.263.26 0.420.420.420.42 2.682.682.682.68 0.450.450.450.45 
Pretest Attention 2.49 0.37 2.36 0.32 

Relevance 2.84 0.35 2.56 0.30 
Confidence 2.94 0.43 2.90 0.42 
Satisfaction 2.91 0.42 2.83 0.43 
Interest 2.94 0.41 2.67 0.37 
TotalTotalTotalTotal    2.832.832.832.83    0.430.430.430.43    2.662.662.662.66    0.420.420.420.42    

 
Results in Table 1 display the means and standard deviations of the 
responses with respect to motivation of pupils in the experimental and 
control groups. It reveals that in the experimental group, the pupils 
consistently improved individually and in the total means (2.83 to 3.26) 
while the standard deviation got smaller from 0.43 to 0.42 which shows 
an improvement in the data distribution across the sub-scales of 
attention, relevance, confidence, satisfaction and interest. Results in the 
table also illustrate the means and standard deviations of the responses 
with respect to motivation of pupils in the control group. It reveals that 
the pupils appear to have responded in a similar fashion individually and 
in the total means (2.66 and 2.68). The standard deviations were 0.42 
and 0.45 across the sub-scales of attention, relevance, confidence, 
satisfaction and interest. The standard deviations in both groups showed 
elements of homogeneity in their responses.    
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Figure 1: Bar chart for mean motivation ratings in the experimental and control groups 

The figure is a pictorial representation of Table 1. It displays the means 
and standard deviations of the experimental group in blue and red 
respectively, while the means and standard deviations of the control 
group are displayed in green and purple respectively.  
 
Table 2Table 2Table 2Table 2: : : : Descriptive statistics for the motivation responses of pupils in the four subDescriptive statistics for the motivation responses of pupils in the four subDescriptive statistics for the motivation responses of pupils in the four subDescriptive statistics for the motivation responses of pupils in the four sub----groupsgroupsgroupsgroups    

Results in Table 2 show that the mean responses of the pupils in 
Experimental Group One increased from 2.81 in the pretest to 3.26 in 
the posttest, with standard deviations of 0.28 and 0.22 respectively. In 
the Experimental Group Two, the pupils had a mean response on 2.86 in 
the pretest and increased to 3.25 in the posttest, with standard 
deviations of 0.24 and 0.19 respectively. In the Control Group One, the 
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Experimental Experimental Control Control

    GroupGroupGroupGroup    MeanMeanMeanMean    Std. DeviationStd. DeviationStd. DeviationStd. Deviation    NNNN    
Posttest   Experimental1 3.26 0.22 71 

 Experimental2 3.25 0.19 42 

 Control1  2.68 0.27 34 

 Control2  2.68 0.27 107 

Pretest   Experimental1 2.81 0.28 71 

 Experimental2 2.86 0.24 42 

 Control1  2.67 0.25 34 

 Control2  2.66 0.24 107 
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pupils had mean response of 2.67 in the pretest and 2.68 in the posttest 
with standard deviations of 0.25 and 0.27 respectively. The mean 
response of the pupils in Control Group Two was 2.66 with a standard 
deviation of 0.24, in the pretest and mean of 2.68 and standard 
deviation of 0.27 in the posttest, this demonstrated an almost static 
response in the control group.   
 

Figure Figure Figure Figure 2222: B: B: B: Bar chart for the motivation responses of pupils in the four subar chart for the motivation responses of pupils in the four subar chart for the motivation responses of pupils in the four subar chart for the motivation responses of pupils in the four sub----groupsgroupsgroupsgroups 

The bar chart in Figure 2 illustrates the mean and standard deviations of 
the mean motivation ratings of the pupils in the experimental and 
control groups as individual groups. 
 
Table 3:Summary descriptive statistics for mean motivation ratings 
according to the experimental and control groups  
        PretestPretestPretestPretest    PosttestPosttestPosttestPosttest        
GroupGroupGroupGroup    NNNN    MeanMeanMeanMean    S.D.S.D.S.D.S.D.    MeanMeanMeanMean    S.D.S.D.S.D.S.D.    Mean GainMean GainMean GainMean Gain    
Experimental 113 2.83 0.43 3.26 0.42 0.43 
Control 141 2.66 0.42 2.68 0.45 0.02 
Mean difference Mean difference Mean difference Mean difference      0.170.170.170.17        0.580.580.580.58        0.410.410.410.41    

 
The experimental and control groups had a mean motivation rating of 
2.83 and 2.66 in the pretest respectively with a mean difference of 0.17 
in favour of the experimental group. The data also showed that the 
pupils in the two groups had corresponding means of 3.26 and 2.68 in 
the posttest, this gave a mean difference of 0.58, also in favour of the 
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experimental group. There was a mean gain of 0.43 for the experimental 
group to the control group’s mean gain of 0.02, which gave rise to a 
mean gain difference between the groups of 0.41. The standard 
deviation for the experimental group (0.42) was smaller than those of 
the control group (0.45) in the posttest; this indicates that the 
responses of the pupils in the experimental group were more 
homogenous than those in the control group. This depicts a positive 
effect of the PVTS motivation of pupils in learning algebra among the 
sample of pupils, to answer the research question.  

Hypothesis oneHypothesis oneHypothesis oneHypothesis one: There is no significant effect of the PVTS on the mean 
motivation ratings of Basic 5 pupils as compared to those taught using 
the RVTS 

Table 4:Summary of multivariate tests for mean motivation ratings between the 
experimental and control groups 

EffectEffectEffectEffect    ValueValueValueValue    FFFF    
Hypothesis Hypothesis Hypothesis Hypothesis 

dfdfdfdf    Error dfError dfError dfError df    Sig.Sig.Sig.Sig.    
Groups Pillai's Trace 0.59 33.94 6 492 0.00 

Wilks' LambdaWilks' LambdaWilks' LambdaWilks' Lambda    0.420.420.420.42    44.6444.6444.6444.64    6666    490490490490    0000.00.00.00.00    
Hotelling's Trace 1.38 56.26 6 488 0.00 

Roy's Largest Root 1.38 112.93 3 246 0.00 

 

The data is interpreted using Wilks’ Lambda, the recommended measure 
(Lund & Lund, 2020) for a multivariate statistic (MANCOVA) for the 
study. Data in Table 4 shows that there is a statistically significant 
difference F (6, 490) = 44.64 and p = 0.00 < 0.05 in the mean 
motivation rating of the respondents. The research hypothesis one is 
therefore rejected, which implies that the mean motivation ratings of 
pupils taught using the PVTS differ significantly from those taught using 
the RVTS. This suggests that the pupils showed greater attention, 
relevance, confidence, satisfaction and interest in the learning of algebra 
when taught using the intervention strategy.  
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Research question two:Research question two:Research question two:Research question two: What is the effect of the PVTS on the mean 
score of Basic 5 pupils’ algebraic performance as compared to those 
exposed to RVTS? 

Table Table Table Table 5555:Descriptive statistics showing the mean scores at APT in the experimental and :Descriptive statistics showing the mean scores at APT in the experimental and :Descriptive statistics showing the mean scores at APT in the experimental and :Descriptive statistics showing the mean scores at APT in the experimental and 
control groups in terms of the four subcontrol groups in terms of the four subcontrol groups in terms of the four subcontrol groups in terms of the four sub----groupsgroupsgroupsgroups    

 

 
Results in Table 5 reveal the means and standard deviations of the 4 
sub-groups in terms of the algebra performance test. The Experimental 
Group One had a mean of 11.10 in the pretest with a standard deviation 
of 5.70 and a mean of 18.99 and standard deviation of 7.74. The 
Experimental Group Two had a mean of 8.86 and 21.05 in the pretest 
and posttest respectively, with standard deviations of 2.58 and 9.45. The 
Control Group One had a mean of 8.38 in the pretest and 9.82 in the 
posttest, with standard deviations of 3.04 and 3.79 respectively. The 
Control Group Two had a mean of 7.48 in the pretest and 9.81 in the 
posttest, with corresponding standard deviations of 3.54 and 3.69 
respectively. On the whole, the two groups demonstrated similar data 
characteristics going by their standard deviations. However, there 
appears to be a disproportionate data behaviour in Experimental Group 
Two, where the standard deviation in the posttest appears abnormal to 
the other results in relation to the mean and total number of 
respondents.  

    Group Group Group Group     MeanMeanMeanMean    Std. DeviationStd. DeviationStd. DeviationStd. Deviation    NNNN    
Posttest  Experimental1 18.99 7.74 71 

 Experimental2 21.05 9.95 42 

 Control1 9.82 3.79 34 

 Control2 9.81 3.69 107 

Pretest   Experimental1 11.10 5.70 71 

Experimental2 8.86 2.58 42 

Control1 8.38 3.04 34 
Control2 7.48 3.54 107 
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Figure Figure Figure Figure 3333: Bar chart showing the mean scores at APT in the experimental and control groups : Bar chart showing the mean scores at APT in the experimental and control groups : Bar chart showing the mean scores at APT in the experimental and control groups : Bar chart showing the mean scores at APT in the experimental and control groups 
in terms of the four subin terms of the four subin terms of the four subin terms of the four sub----groupsgroupsgroupsgroups    

 
The means in blue and standard deviations in red illustrate the scores of 
pupils in the groups with respect to the pretest and posttest 
performance.  

Table Table Table Table 6666: Summary descriptive statistics showing the mean difference between the : Summary descriptive statistics showing the mean difference between the : Summary descriptive statistics showing the mean difference between the : Summary descriptive statistics showing the mean difference between the 
experimental and control gexperimental and control gexperimental and control gexperimental and control group at APTroup at APTroup at APTroup at APT    
        PretestPretestPretestPretest    PosttestPosttestPosttestPosttest        
GroupGroupGroupGroup    NNNN    MeanMeanMeanMean    S.D.S.D.S.D.S.D.    MeanMeanMeanMean    S.D.S.D.S.D.S.D.    Mean GainMean GainMean GainMean Gain    
Experimental 113 9.98 4.14 20.02 8.85 10.04 
Control 141 7.93 3.29   9.82 3.74   1.89 
Mean difference Mean difference Mean difference Mean difference      2.052.052.052.05        10.2010.2010.2010.20                8.158.158.158.15    

 
Results in Table 6 shows that pupils in the experimental group had a 
mean of 9.98 and 20.02 and standard deviation of 4.14 and 8.85 in the 
pretest and posttest respectively; this gives a mean gain of 10.04 for the 
experimental group. The control group on the other hand had a mean 
performance score of 7.93 and 9.82 with standard deviations of 3.29 and 
3.74 in the pretest and posttest respectively with a mean gain of 1.89. 
There was a mean difference of 2.05 and 10.20 in the pretest and 
posttest, and 8.15 in the mean gain. The standard deviations of the two 
groups are an indication that the data sets share similar traits, because 
they fall within the same side and partition of the normal curve. To 
answer the research question, the PVTS appears to have caused an 
increased algebraic performance in the APT by pupils in the 
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experimental group as compared to pupils that were taught using the 
RVTS.   
Hypothesis twoHypothesis twoHypothesis twoHypothesis two: The PVTS has no significant effect on Basic 5 pupils’ 
algebra performance mean score as compared to those taught using the 
RVTS. 

Table Table Table Table 7777: Summary tests of between: Summary tests of between: Summary tests of between: Summary tests of between----subjects (experimental and control groups) subjects (experimental and control groups) subjects (experimental and control groups) subjects (experimental and control groups) 
effects with respect to the APT using posttest as the dependent variable effects with respect to the APT using posttest as the dependent variable effects with respect to the APT using posttest as the dependent variable effects with respect to the APT using posttest as the dependent variable     

SourceSourceSourceSource    
Type III Sum of Type III Sum of Type III Sum of Type III Sum of 
SquaresSquaresSquaresSquares    dfdfdfdf    Mean SquareMean SquareMean SquareMean Square    FFFF    Sig.Sig.Sig.Sig.    

Corrected Model 7433.87 8 929.23 25.18 0.00 
Intercept 4701.44 1 4701.44 127.42 0.00 
APTpretest 939.46 1 939.46 25.46 0.00 
Gender 54.74 1 54.74 1.48 0.22 
APT 4773.41 3 1591.14 43.12 0.00 
Gender * APT 157.16 3 52.39 1.42 0.24 
Error 9039.95 245 36.90   
Total 67952.00 254    
Corrected Total 16473.83 253    

    
The analysis shown in Table 7 reveal that there was a statistically 
significant effect, where F(3, 245) = 43.12 and P = 0.00 < 0.05 of the 
PVTS when compared to the RVTS in the mean performance scores of 
pupils. The null hypothesis is rejected which implies that the PVTS has a 
significant effect on Basic 5 pupils’ algebra performance mean score as 
compared to those taught using the RVTS.  
    
DISCUSSION DISCUSSION DISCUSSION DISCUSSION     
This study found a significant difference in the mean motivation ratings 
of pupils in the experimental group and the control group in favour of 
the experimental group which agrees with Jing, Tarmizi, Bakar and 
Aralas (2017).The findings also agree withYakubu (2017) who found 
that pupils with mathematics learning challenge in the treatment group 
showed higher motivation than pupils in the control group. There were 
evidences of significant effect of the partitive variation theory-based 
strategy on experimental students’ overall motivation. This indicated 
that the partitive variation teaching strategy may be capable of 
triggering both the intrinsic and extrinsic motivation of pupils in the 
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middle basic level of education in Benue state, Nigeria. This was made 
more consistent by the more improved mean motivation ratings in the 
5 subscales of attention, relevance, comprehension, satisfaction and 
interest, which the pupils in the experimental group consistent had 
higher mean responses.  
There was statistically significant difference in the performance of 
students between the experimental group and the control group, which 
agrees with Anyor and Iji (2010) as well as Jing, Tarmizi, Bakar and 
Aralas (2017). The positive interaction of organizational culture, 
education in this case, and human resource management (teaching) 
would result in self-esteem and self-actualization. Generally, it is agreed 
that dispositions such as motivation, curiosity and perseverance can be 
recognised when students persist at difficult tasks, take risks and exhibit 
open mindedness (Al-Shara, 2015). The findings of this study also agree 
withthose of Liu (2018) as well as Ifelunni, Ugwu, Aneke, Ibiam, 
Ngwoke, Ezema, Charles, Oraelosi, and Ede (2019) that there is a 
significant influence of motivation or that there is a potential reciprocal 
relationship between motivation and academic performance of students. 
García, Rodríguez, Betts, Areces and González-Castro (2016) stated that 
Mathematics enjoyment or satisfaction positively predicted 
mathematics achievement as has been confirmed in this study. Higher 
motivation ratings which may be due to the partitive variation teaching 
strategy predicatedbetter algebraic performances among Basic school 
learners.  
 
CONCLUSION CONCLUSION CONCLUSION CONCLUSION     
This study concluded that pupils in the experimental group significantly 
showed higher motivation ratings and consistently outperformed those 
in the control group in the algebra performance test. The study further 
concluded that the partitive variation teaching strategy may be useful 
for the improvement of algebra teaching and learning in Middle Basic 
(Basic 5) level of education in Benue state, which may be replicated in 
other locations. 
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ABSTRACTABSTRACTABSTRACTABSTRACT    
The purpose of this study was to diagnose, using the Newman error analysis model. 
The error committed when students solve quadratic equation using completing 
square method. The target population was all SS3 students in Nasarawa State public 
schools. Three research questions and three hypotheses were answered and tested 
respectively. Survey design was used for the study. Data collected was analysed using 
student t-test. The result of the findings showed that all the students committed 
errors at various stages of Newman model and there is no significance difference in 
the means of errors committed by SS3 students that solved quadratic equation using 
completing square method. 
    
INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    
The importance given to mathematics in the curriculum from primary 
to the secondary level reflects the role played by mathematics in 
contemporary society. It is in understanding of this that many countries 
now resort to making comprehensive and well programmed efforts 
towards effective teaching and learning of science and mathematics at all 
levels of the educational system through the development and 
implementation of improved programmes and projects (Azuka, 2001). 
In most schools in Nigeria for example, the study of mathematics is 
made mandatory for all students. In order to secure admission for most 
courses at higher levels of education, a credit pass in mathematics is a 
pre-requisite. In spite of importance of mathematics in human 
existence, students still perform poorly in the subject. Musa (2014) 
stressed that West African Examination Council (WAEC) results in 
mathematics between 2004 and 2013 attest to the candidates’ poor 
performance. In this period, the percentage credit pass and above in 
mathematics at the Senior Secondary Certificate Examination (SSCE) 
level ranges about 40% pass. The West Africa Examination Council 
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(WAEC) Chief Examiners Report consistently reported lack of skill in 
answering almost all the questions asked in general mathematics. The 
most affected areas include, geometry of 3-dimensional problems, 
algebraic expression (quadratic equation) and words problems in 
equations, statistics and percentage errors to mention a few. In specific 
terms the examiners reported students’ weaknesses in quadratic 
equation. Some areas of the syllabus that were also reported to be 
poorly attempted by candidates were the reading and drawing of 
quadratic graph among others. The weakness is also evident in the Chief 
Examiners’ reports of WASSCE 2012, 2013, 2015, 2016 and 2018.In 
view of these general weak performances of students in mathematics, 
efforts are being made every now and then by mathematics educators at 
various quarter to bring mathematics teaching and learning meaningful. 
This is observed in the trends of workshops for teachers of mathematics 
and different research works in areas of teaching, student achievement 
in mathematics, attitude of students towards the subject and strategies 
to improve on the teaching and learning of mathematics.  Learners are 
evaluated thereof on the way they conceive the concepts in 
mathematics and the quality of teaching. This will help to reveal learner 
errors and misconceptions (Riccomini, 2005). According to Riccomini, 
Mathematics teachers do not treat learner errors committed when 
solving mathematical problems seriously. He also said teachers do not 
have courage and patience to investigate learners’ errors and problems 
experienced in solving mathematical problems. 
 
Error can be defined here as a way of doing a thing wrongly. Reviewing 
the research method on errors, specifically, classifying students’ errors 
based on the step of solving problems or the sources of difficulties in 
solving problems. Students correctly follow wrong algorithms, which is 
contrary to many teachers views that students wrongly follow an 
algorithm. This study focuses on where the error originated, which is 
linked between conceptual and procedural knowledge. One of the main 
methods used to analyze student’s errors is to classify them into certain 
categorization based on analysis of students’ mistakes. The errors are 
classified in terms of Language difficulties, difficulties in the processing 
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iconic and visual representation of mathematical knowledge, deficiency 
in the requisite skill, facts, and concepts; for example, student may 
forget or be unable to recall related information in solving problems, 
incorrect association rigidity; that is negative transfer caused by 
decoding and encoding information and application of irrelevant rules 
or strategies. Titus (2016) also used the classifying method but based his 
own on the model of problem solving (Polyer). He thought that 
Students errors may be due to deficiency in one or more of the above 
steps.  
 
Analysis of error is the ability to establish the existence of errors in a 
computation. There are many factors that help students to turn up at a 
correct result while solving mathematical problems. The method is 
based on the fact that in the process of problem solving there are two 
major types of hurdles that hinder students from arriving at correct 
answers. They are; troubles in reading fluency and abstract 
understanding that helps reading and understanding meaning of 
problems. The other one is trouble of processing mathematical 
problems that consist of transformation, process skill, and encoding 
results. It is important to find where students commit such errors and 
continue to repeat them.                                                                    
Studies have been conducted over years to determine the predictor of 
mathematics achievement among various groups of individuals. Some 
of the predictions are, socio-economic status of students, teaching 
methods teachers use, gender and environmental factors of students 
among others (Owolabi and Adejoke, 2014; Adeyinka and Kaino, 
2014). One variable that has over the years, received considerable 
attention in many studies on science achievement in general and 
mathematics achievement in particular is gender. According to Owolabi 
and Adejoke (2014) studies conducted among middle and high school 
students show a significant gender effect favoring males in overall 
sciences and mathematic achievement. They also said in another study 
that boys outperform girls in science but in reading and writing, girls 
had the advantage. Abubakar and Oguguo (2011) study show no 
significant difference in gender achievement in relation to Number and 
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Numeration, Algebraic process and statistics. However, in some studies, 
both male and female perform at par having applied certain strategies 
(Adeleke, 2007).  
Another variable which is of interest in this study is school location. 
There are different school locations in Nasarawa state which include 
urban, semi-urban rural or remote villages. The results of some studies 
outside the shores of Nigeria have shown that location is a variable to 
consider on students’ achievement, example is Indonesia, Jambi 
province. Effandi and Siti (2010) attest that students in rural schools 
perform poorly in mathematics at the point of comprehension, given 
that the effect of mother tongue or bilingual conflict is prominent. The 
urban schools more errors are committed at the process skill and 
transformation stage. 
One other factor the researcher considered is the student academic 
orientation (Science/arts). The orientation of the students may or may 
not narrow their understanding of specific concepts and will not be able 
to engage them in problem solving. Students who do not have 
background knowledge in mathematics usually display numerous errors 
in solving mathematical problems and this therefore results in most 
students grappling with quadratic equations (Sello, 2014). If a research 
could characterize students learning difficulties, it would be possible to 
design effective instruments to enhance students learning. The research 
on student’s errors is a way to provide such support for both teachers 
and students.Li (2006), pointed out one way of trying to find out what 
makes algebra difficult is to identify the kind of errors students commit. 
There was also need to classify the errors based on the steps of solving 
problems. He reported that Radatz first classified students’ errors in 
terms of language difficulties, mathematics is like a foreign language for 
students who needs to know and understand mathematical concepts, 
symbol, and vocabulary. Misunderstanding the logic for mathematics 
language could cause students error at the beginning of problem 
solving, difficulties in processing the representation of mathematical 
knowledge, like of requisite skills, knowledge, and concepts, poor 
associations or rigidity; that is, wrong transfer caused by decoding and 
encoding information and application of irrelevant rules or strategies. 
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Anne Newman (1980) than used the classifying method but based her 
model on problem solving.  
 
The model of the sequence of steps in problem solving: reading and 
comprehension, transformation, process skill, and encoding to identify 
students’ possible errors. She thought that student’s error may be due to 
deficiency in one or several of the above steps. This is what is today 
referred to as Newman error analysis procedure (Newman Model) 
which the researcher will adopt to diagnose errors students commit by 
senior secondary school three when solving quadratic equation by 
completing square method. 
 
STATEMENT OF THE PROBLEMSTATEMENT OF THE PROBLEMSTATEMENT OF THE PROBLEMSTATEMENT OF THE PROBLEM 
In SSCE mathematics examination, students have presented difficulties 
in solving equations. The Chief Examiner’s Report of 2011 to 2017 all 
emphasized that students are weak in algebraic process; Quadratic 
equation is one topic that every year WASSCE features to test the 
concept among students and also to test their procedural understanding 
of quadratic equations. These mistakes lower students’ achievement in 
SSCE Mathematics achievement it is therefore important to identify the 
types of errors students commit and where they commit them.The 
Newman Model; Newman Error Analysis Procedure has been found 
useful for analyzing students’ errors when solving quadratic equations 
since it takes them through the steps needed to reach the solution. The 
focus of this study therefore was to analysis the errors committed when 
senior secondary school students solve quadratic equations by 
completing square method using Newman error analysis procedure.    
    
OBJECTIVES OF THE STUDYOBJECTIVES OF THE STUDYOBJECTIVES OF THE STUDYOBJECTIVES OF THE STUDY    
The objectives of this study were using Newman Error Analysis 
procedure;  
1. compare the means and standard deviations of errors committed by 

male and female senior secondary school (SS3) students’ when 
solving quadratic equation by completing square method 
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2. established the means and standard deviations of errors committed 
by urban and rural senior secondary school (SS3) students 
committed when solving quadratic equation using method of 
completing square 

3. compare the means and standard deviation of errors committed by 
Science and Art senior secondary school (SS3) students’ when 
solving quadratic equations using the method of completing 
square. 

    
RESEARCH QUESTIONSRESEARCH QUESTIONSRESEARCH QUESTIONSRESEARCH QUESTIONS 
The following research questions guided the study. 
Using Newman error analysis Procedure;  
1. what are the means and standard deviations of errors committed by 

male and female senior secondary school three (SS3) students’ 
when solving quadratic equations by completing square method? 

2. what are the mean and standard deviations of errors committed by 
senior secondary school three (SS3) students’ in the urban and rural 
areas when solving quadratic equation using completing square? 

3. what are the mean and standard deviations of errors committed by 
science and arts senior secondary school three (SS3) students’ when 
solving quadratic equation by completing square mwthod? 

    
STATEMENT OF HYPOTHESESSTATEMENT OF HYPOTHESESSTATEMENT OF HYPOTHESESSTATEMENT OF HYPOTHESES 
The following null hypotheses were tested at 0.05 level of significance. 
Using Newman error analysis procedures; 
HoHoHoHo1111: There is no significant difference in the mean scores of errors 

committed by male and female senior secondary school students’ 
when solving quadratic equations by completing square method 

HoHoHoHo2222: There is no significant difference in the mean scores of errors 
committed by urban and rural senior secondary school students’ 
when solving quadratic equation using completing square method 

HoHoHoHo3333: There is no significant difference in the mean scores of errors 
committed by Science and Art senior secondary school students’ 
when solving quadratic equations using completing square 
method 
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RESEARCH METHODOLOGYRESEARCH METHODOLOGYRESEARCH METHODOLOGYRESEARCH METHODOLOGY 
The research designs used for the study was survey research designs.This 
design involved the collection of data with a short span of time from 
randomly selected sample of the target population. The cross-sectional 
survey design also called parallel-sample design was used for the study.  
Population Population Population Population  
The population of the study comprised all senior secondary school three 
(SS3) students in public senior secondary schools in Nasarawa State.       
    
Sample and Sampling ProcedureSample and Sampling ProcedureSample and Sampling ProcedureSample and Sampling Procedure    
One senatorial district was randomly selected for the survey. Multi-
stratified random sampling procedure was used to select the schools for 
the study in terms of gender, school location and background  
    
Method of Data Collection; InstrumentationMethod of Data Collection; InstrumentationMethod of Data Collection; InstrumentationMethod of Data Collection; Instrumentation 
Data were collected using, Quadratic Equation Diagnostic Test. 
    
QuadraticQuadraticQuadraticQuadratic    Equation Diagnostic Test (QEDTEquation Diagnostic Test (QEDTEquation Diagnostic Test (QEDTEquation Diagnostic Test (QEDT)))):  
The researcher selected the items of this test from past SSCE questions 
papers and work examples from text books that are recommended by 
WAEC in the syllabus. This was attempted by all the students in the 
sampled schools. Test was administered and scripts were returned and 
marked. The scores recorded with respect to the Newman error analysis 
procedure stages and was tested. 
    
Techniques for Data Analysis Techniques for Data Analysis Techniques for Data Analysis Techniques for Data Analysis  
The research questions were answered using means and standard 
deviation of scores for errors committed by SS3 students while the 
Hypotheses were tested using student independent t-test at α≤ 0.05. 
    
Results and Data Analysis  Results and Data Analysis  Results and Data Analysis  Results and Data Analysis      
Research Question 2Research Question 2Research Question 2Research Question 2; What are the means and standard deviations of 
error committed by male and female SS3 students that solve quadratic 
equations using completing square method? 



 

 

Analysis of Errors in Completing Square When Secondary SchAnalysis of Errors in Completing Square When Secondary SchAnalysis of Errors in Completing Square When Secondary SchAnalysis of Errors in Completing Square When Secondary School Students Solve Quadratic Equation by Newman ool Students Solve Quadratic Equation by Newman ool Students Solve Quadratic Equation by Newman ool Students Solve Quadratic Equation by Newman 
Error Analysis Procedure in Nasarawa StateError Analysis Procedure in Nasarawa StateError Analysis Procedure in Nasarawa StateError Analysis Procedure in Nasarawa State    

 

128128128128    

Table 1Table 1Table 1Table 1: Means and Standard Deviations of Error Committed by Male and Female : Means and Standard Deviations of Error Committed by Male and Female : Means and Standard Deviations of Error Committed by Male and Female : Means and Standard Deviations of Error Committed by Male and Female 
Students that Solve QStudents that Solve QStudents that Solve QStudents that Solve Quadrauadrauadrauadratic Equation Using Completing Squaretic Equation Using Completing Squaretic Equation Using Completing Squaretic Equation Using Completing Square    Method        Method        Method        Method            
Variables                       Means                Standard Deviation                      t-test   
 
Male                          1.612                      0.209                           0.095 
 Female                     1.780                        0.227 
Table 1 shows the means and standard deviations of male and female SS3 
students that solve quadratic equation using completing square method. 
The mean scores for male students was 1.612and standard deviation was 
0.209. The mean scores for the female students was 1.780 and standard 
deviation was 0.227 
    
Research Research Research Research Question Question Question Question 3333; What are the means and standard deviations of 
error committed by urban and rural SS3 students that solve quadratic 
equations using completing square method? 
 
TableTableTableTable2222: Means and Standard Deviations of Error Committed by Urban and Rural : Means and Standard Deviations of Error Committed by Urban and Rural : Means and Standard Deviations of Error Committed by Urban and Rural : Means and Standard Deviations of Error Committed by Urban and Rural 
Students that Solve QuadraStudents that Solve QuadraStudents that Solve QuadraStudents that Solve Quadratic Equation Using Ctic Equation Using Ctic Equation Using Ctic Equation Using Completing Squareompleting Squareompleting Squareompleting Square    Method        Method        Method        Method            
Variables                       Means                Standard Deviation                      t-test   
 
Urban                            1.600                      1.191                           0.020 
 Rural                            1.704                        0.174 
 
Table 2 shows the means and standard deviations of urban and rural SS3           
students that solve quadratic equation using completing square method. 
The mean scores for urban students was 1.600and standard deviation 
was 1191. The mean scores for the rural students was 1.704and standard 
deviation was 0.174. 
    
Research Research Research Research Question Question Question Question 3333; What are the means and standard deviations of 
error committed by science and art SS3 students that solve quadratic 
equations using completing square method? 
 
TablTablTablTable3e3e3e3: Means and Standard Deviations of Error Committed by Science and Art : Means and Standard Deviations of Error Committed by Science and Art : Means and Standard Deviations of Error Committed by Science and Art : Means and Standard Deviations of Error Committed by Science and Art 
Students that Solve QuadraStudents that Solve QuadraStudents that Solve QuadraStudents that Solve Quadratic Equation Using Completing tic Equation Using Completing tic Equation Using Completing tic Equation Using Completing SquareSquareSquareSquare    Method        Method        Method        Method            
Variables                       Means                Standard Deviation                      t-test   
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 Science                         1.640                  0.244                           0.898 
 Art                                 1.648                 0.182 
 
Table3:  shows the means and standard deviations of science and art SS3 
students that solve quadratic equation using completing square method. 
The mean scores for urban students was 1.640and standard deviation 
was 0.244. The mean scores for the rural students was 1.648and 
standard deviation was 0.482. 
    
Hypothesis1Hypothesis1Hypothesis1Hypothesis1:::: There is no significant difference in the means score of 
errors committed by male and female SS3 students that solved quadratic 
equations by completing square. 
Table1, presents the t-test analysis of errors committed by male and 
female SS3 students that solved quadratic equation by factorization 
methods. The t-test for difference of two means was 0.095. Therefore, 
as P = 0.095 is greater than α =0.05 (P=0.095>α =0.05). The difference 
was not significant at α<0.05 therefore we do not reject thenull 
hypothesis. 
    
Hypothesis 2 Hypothesis 2 Hypothesis 2 Hypothesis 2 There is no significant difference in the mean scores of 
errors committed by urban and rural SS3 students when solving 
quadratic equation by completing square.    
Table2 presents the t-test result of errors committed by urban and rural 
SS3 students that solve quadratic equation by completing square 
method. The t-test difference of two mean was 0.020. It is observed 
that P = 0.020 is greater than α = 0.05 (since P = 0.020>α = 0.05). The 
difference between the means of error that urban and rural SS3 students 
committed when solving quadratic, equation by completing square is 
not significantly different at α<0.05 therefore we reject the hypothesis.    
    
Hypothesis 3Hypothesis 3Hypothesis 3Hypothesis 3    
There is no significant difference in the mean scores of errors 
committed by science and arts SS3 students when solving quadratic 
equation by completing square,Table 3 presents t-test analysis of errors 
committed by science and arts SS3 students that solve quadratic 
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equation by completing square method. The t-test for difference of two 
means was 0.898. It is observed that P = 0.898 is greater than α = 0.05 
(P = 0.898>α 0.05). The difference between the means error that 
science and arts SS3 students committed when solving quadratic 
equation by completing square is not significantly different α<0.05. we 
therefore accept the hypothesis so stated.    
DISCUSSION OF FINDINGSDISCUSSION OF FINDINGSDISCUSSION OF FINDINGSDISCUSSION OF FINDINGS    
The discussion was made on the bases of the research questions and the 
corresponding hypotheses stated and tested.The types of errors 
committed by students when solving quadratic equation using 
completing square by Newman Model reflects all the error types 
enumerated in the model. The most error type that the SS3 students 
committed was in the translation stage followed by the process skill, 
decoding, encoding and the comprehension stages. The difference 
between the errors type committed are however closely related. The 
presentation is in agreement with the findings of Effidini&siti (2010), 
Teoh (2010), and Nande (2013) that shows significant errors appearing 
at the transformation stage and the process skill the most.The result in 
the case of male and female table 1 shows that there were errors 
committed by both male and female students this agrees with previous 
researches (Bosire, Mondon&Barmoa 2008), who reported that 
irrespective of the schools, male respondent perform better than female. 
In regards to table 2, the mean score of errors committed by urban 
students when solving quadratic equation using completing square 
method was less than that of the rural students. This means the urban 
students committed less error than the rural students. The t-test was 
0.020 which is greater than ∝ ≤ 0.05, since P = 0.020> 0.05, the 
hypothesis was rejected for the method of completing square. The 
findings here supported the finding in (Teoh,2010 and Shio, 2012). 
Even though the errors were more in different locations that is the rural 
pupils’ errors were found mostly at comprehension and transformation 
stages while the urban students’ errors were more at the process skill. 
However, in all, the rural students committed more errors than the 
urban students. Table3 shows that the mean score of errors committed 
by science students when solving quadratic equation by completing 
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square was less than that of the Arts students. This shows that science 
students committed less errors when solving quadratic equation by 
completing square. The t-test was 0.898, this is greater than ∝ ≤ 0.05. 
Therefore, since P = 0.898, ≥ ∝ = 0.05, the hypothesis was not 
accepted, indicating that the mean are not significantly different in 
completing squaremethod. This did not support Trance (2013), that 
science and engineering students achieve better in mathematics than 
other discipline 
    
CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    
The results of thefindings showed that all the SS3 students presented 
difficulties at all stages of the Newman Model of Decoding, 
Comprehension, Transformation, Process kill and Encoding. That there 
is no significant difference in the means of SS3 students that solved 
quadratic equation by completing square gender, location and 
background. However, the means of urban and rural SS3 students that 
solve quadratic equation by completing square method are significantly 
different. 
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