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 Purpose: This study investigated the mediation and moderation effect of mathematics interest and teaching 

quality on the relationship between self-concept and mathematics achievement.  

Design/methodology/approach: The study was conducted at Sakafia Islamic Senior High School (SHS) and 
Kumasi Academy SHS in Ghana. A sample comprised of 300 students who offered general arts, general science, 

and home economics were randomly selected from a population of 1,200. The study adopted a descriptive survey 

and analysis such as exploratory and confirmatory factor analysis, discriminant validity, and reliability analysis 

from Cronbach’s alpha was estimated using SPSS (version 23) and Amos (version 23). 

Findings: From the hypothesis, the findings revealed that self-concept partialy mediate mathematics 
achievement through mathematics interest and teaching quality also showed moderating effect between interest 

and achievement. The study also found out that self-concept, mathematics interest and teaching quality have 

direct effect on students’ performance. 

Research limitations/implications: The study investigated the moderation effect of teaching quality, which was 

found to be insignificant. This is an imperative for further study to critically analyzed it effect on other antecedents.  

Practical implication: The study informed teachers teaching mathematics and in other different programs to be 

equipped with knowledge of how students perceive mathematics so as to select the appropriate teaching 

approach to influence their interest and belief in the study of mathematics. 

Originality/value: There are studies by some researchers combining these variables under study with other 

factors to influence students’ performance however, little attention was on the effect mathematics interest and 

teaching quality to impact student performance through self-concept. 

Keywords: self-concept, teaching quality, mathematics interest, mathematics achievement 
 

INTRODUCTION 

Background to the Study 

Mathematics is a significant course taught in schools all over the world, and this is due to its importance in a variety of areas, 

more specifically in the advance of science, humanities, and creativity (Ezenweani, 2006). The discipline of mathematics is 

important because of its applications in education, administration, state security, innovation, return, and mechanical forms, to 

name a few. As a result, many have always seen college students’ mathematics satisfaction as a sign of the overall well-being of 

institutes and the nation’s not uncommon location intellectual aptitude (Kolawole & Oluwatayo, 2005). Mathematics therefore 

can be said to improves learners’ skill to meditate reasonably, analytically, precisely, efficiently, and competently (Tella, 2008). 

This is why mathematics is a compulsory subject for every learner throughout our educational system before the tertiary level in 

West Africa of which Ghana’s curriculum exhibit this feature (Abreh et al., 2018). By this reason, some educational researchers 

advocate students’ proficiency and the possessing ability in solving mathematics problems. It has hence gotten to be crucial on 

behalf of mathematics teachers to determine the best mathematical concepts that can be reinforced among students. From the 

groundwork laid above, mathematics teachers have devise strategies to find factors that may be controlled in support of 

mathematics performance and stifle the negative factors that affect students’ progress. Due to this, several endeavors were made 

through governments over the past years to the development of the overall performance of mathematics among senior high 

school (SHS). In spite of governments’ endeavors, mathematics fulfillment has now no longer skilled plenty alter; there are reliably 

https://www.mathsciteacher.com/
mailto:fosumykel31@gmail.com
https://doi.org/10.29333/mathsciteacher/12622
https://orcid.org/0000-0003-0952-8699
https://orcid.org/0000-0002-8950-1367
https://orcid.org/0000-0003-0197-7385
https://orcid.org/0000-0002-8150-2613


2 / 13 Fosu et al. / Journal of Mathematics and Science Teacher, 3(1), em024 

low overall performance tiers in mathematics among SHS learners (WAEC, 2016, 2018). The chief examiner’s report of 2021 

WASSCE examination comparing 2020 WASSCE examination stated that student’s pass in mathematics was declined by 11% such 

that, 65.71% had A1-C6 in 2020 and 54.11% in 2021 (WAEC, 2021). The net essential poor performance in mathematics in open 

assessment of students might, hence, be attached to compelling factors associated in schools (Borisade, 2011). It is unfortunate, 

on this manner, that during later times, several SHS college students confront with mathematics and carry out quite ineffectively 

of their ultimate examinations in maximum wards (Bosson-Amedenu, 2017; Fletcher, 2018). This pastime has affected contrarily 

on college students’ interest in the attention of mathematics riding to steer their overall performance within the observe of 

mathematics. This has additionally ended up disturb for these students, guardians, and different stakeholders in schooling in the 

nation. As a significant marker aimed at the fulfillment of the instruction plan 2030 (SGD 4), it is seen that instructional analysts, 

professionals, and policymakers is identified as a teaching quality strategy (UN ESCAP, 2015).  

Evidently, this poor performance is attribute to some antecedents and among these variables confronting their performance 

researchers have devise strategies to stifle the low achievement and helps improves student’s achievement. These precursors self-

concept, student’s interest and teaching quality are identified by some researchers as determinant of mathematics achievement. 

By this, teaching quality with some emanating schools’ mechanisms have been found as the factors donating to improve 

mathematics attainment (Artur et al., 2022). Punithavathi (2011) investigated to discover the connection among self-concept and 

educational overall performance of college students in the pre-tertiary level. The conclusion of the research found out a vital link 

among self-concept and educational achievement. In a similar study, Hinnant-Crawford et al. (2016) alleged by stating that 

students’ self-concept has a great deal of influence on students’ academic success, and that, in any event, the amount of effort 

students put in when learning mathematics contributes greatly to their self-concept in terms of academic success. Self-concept is 

explained as a discernment of one’s own greatness, deficiency, intellectual state, and esteem (Huitt, 2004; Slavin, 2003). Again, 

research by Tsoto et al. (2016) confirms that student’s interest promotes their success in mathematics and that interest is shown 

to enhance students’ desire in studying mathematics and was concluded to impact their achievement in mathematics. According 

to Quansah and Ankoma-Sey (2020), the excellence of the teaching relationship is a game-changing factor in the classroom and is 

regarded to have a significant impact on academic achievement. The analysis between teaching quality and mathematics 

achievement by Arthur et al. (2022) established that the direct impact of teaching quality influence mathematics performance by 

18.5% of which their relationship was significant. Fenster (2014) holds that exceptionally powerful teachers make sure a extrude 

in learners’ academic getting to know in each the long time and the short term. Hence, teacher quality in many schools setting is 

the most powerful constituent for progressing in learners’ accomplishment and lessening students’ fulfillment gaps. This assumes 

that teacher excellence takes an indicator on college students’ fulfillment as well as their identified poor success in mathematics. 

Therefore, this research sought to find the mediation and moderation effect of mathematics interest and teacher quality between 

self-concept and mathematics achievement. 

Countries have to be compelled to see carefully into teacher-students related factors so that significant conclusions can be 

defined and thus set up plans to move forward students’ achievement. Research by Reeve et al. (2015) concluded that the linkage 

of interest and mathematics achievement stood significant. They stood that interest coordinate as an indicator of mathematics 

overall performance. In a similar spirit, Thien and Ong (2015) pointed out that during PISA 2012, emotional factors such as 

mathematics self-confidence and mathematical interest were no longer entirely related toward students’ mathematics 

performance Malaysia. From the above analysis in other countries, the researcher sees these variables under study help students 

to better their mathematics performance and, in this course, it informed the researcher to critically examined the usefulness of 

the variables in our country Ghana. This is because our region requires intense examination to light up the additives for bad overall 

performance in mathematics subjects. In recognize of those unsure discoveries, the researcher taken into consideration through 

way of means of including to current literary works, the mediating effect of mathematics interest and the moderation impact of 

teacher outstanding (quality) between self-concept and achievement in mathematics, that’s a recognized hole and 

inconsequential in the checked on literary works. Hence, this look is at a goal to discover the mediation and moderation impact 

of mathematics interest and teacher quality on the connection among self-concept and mathematics achievement. 

Figure 1 discusses the conceptual framework of the study. The teacher quality serves as the moderation role between 

mathematics interest and mathematics achievement and in the same way the mediating variable is the mathematics interest. This 

is mediating between self-concept and mathematics achievement. This projects the objectives and the research 

questions/hypothesis of the study.  

 

Figure 1. Conceptual framework (Field Survey, 2022) 
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Theoretical Framework 

The current study investigated the mediation and moderation effects of interest in mathematics and teacher quality on the 

relationship between self-concept and mathematics performance. We hypothesized the relationship between self-concepts, 

mathematics interest, and teacher quality on the mathematics achievement. The empirical evidence has been divided into four 

categories based on the stated relationships on the basis of the research questions established on the variables under the study 

i.e., self-concept, mathematics interest, teacher quality and mathematics achievement  

H1: Self-concepts have a direct impact on mathematics achievement 

Shavelson et al. (1976) described self-concept as a private mindfulness shaped by the experience of one’s current 

circumstance. Subsequently, the logical self-concept is often described as one’s very own individual mindfulness logical 

capacities, formed by one’s own involvement with learning and performance related settings. Self-concept and achievement are 

additionally examined to be proportionally associated by which they have a strong contributing connection (Goetz et al., 2013). 

within the school setting where learners’ self-concepts in various subjects are reliably shown that they’re reasons for mental 

results; but on the opposite hand, are triggers of advantageous mental results (Clem et al., 2020). The growth of self-concept has 

been precisely shown as multi-faceted and space explicit (Arens et al., 2011). The finding observed particular self-concepts within 

the various school setting with an overall learner’s self-concept as a general build to influence students’ achievement. 

Customarily, specialists either conflated the skill and influence parts of learners’ idea (e.g., Jansen et al., 2014) or the need put 

more accentuation on self-concept of capability over effect. Subsequently, learners’ self-concept has been reliably estimated by 

either joining the skill and influence angles or overwhelmingly utilizing ability perspective alone (Pinxten et al., 2013). Nonetheless, 

lately, learners’ self-concept it’s been experimentally exhibited that self-concept of skill (corresponding to insight) and self-

concept of effect (comparable to feeling) are plainly recognizable (e.g., Arens et al., 2011; Pinxten et al., 2014). While the power 

part is worried about the degree to which understudies see themselves to possess capacities during a particular school subject 

(e.g., I’m great at math.), the influence part is about the degree to which a private appreciates partaking during a subject (e.g., I 

prefer math). Hence, we’ll analyze both the power and influence parts of self-concept in math. 

Student self-concepts are typically progressively coordinated and extraordinarily intended for a selected school subject, with 

the general learners’ self-concept at the highest (Brunner et al., 2010). Logical self-concepts are, as an example, later examination 

achievements (Swann et al., 2008; Valentine et al., 2004), student interests (Goetz et al., 2013), learners’ choices. It’s generally 

expected observed that the connection between learners’ concept and student performance is corresponding (i.e., cooperation 

models like Pekrun & Perry, 2014), and better achievements work on self-concept. It means to create the past self-concept, that 

is, on account of the limit advancement process) and therefore the higher self-concept works on the presentation (the past 

exhibition is controlled, that is, the private development process). 

H2: Mathematics interest has direct impact on mathematics achievement 

The overall perspective on the job of interest in the instructive interaction is that interest advances learning. To be sure, 

interest hypothesis expects that experience of interest can animate accomplishment by expanding commitment and 

consideration (Harackiewicz et al., 2016). For interested learners, the learning system can work on various wellsprings of learners’ 

consideration and agreeable impacts at work. Interest among learners have been displayed to put forth more prominent academic 

attempt (Trautwein et al., 2015), to acknowledge learning objectives (Harackiewicz et al., 2008), and more likely control their 

learning.  

Lee et al. (2014) stated that all of these add to better performance. In spite of this hypothetical conduct, observational proof 

on the effect of the significance of performance is blended. In spite of the fact that reviews report a positive connection among 

interest and performance (Zhang & Wang, 2020), likewise in math, which the study was based on cross-sectional by Jansen et al. 

(2016) and through longitudinal study from Koller et al. (2001) had information showing no significant link between interest and 

success in matheamtics. One reason for the zero and adverse consequences is that convictions and interests in skills have normal 

ways to progress through comparative stimulating and self-administrative components. Assuming that the impacts of skill 

convictions are controlled, the leftover impact of interests might mirror a motivating force to extend the investigation of specific 

elements (Fredrickson, 1998), which although significant for future objectives and choices in managing the space (Blustein, 1989), 

may have a direct unfavorable impact. to finish the responsibility (Pinxten et al., 2014; Sansone et al., 2015). 

In this review, including numerical self-concept, we expected the connection among interest and performance to remain zero 

or correlated (Tosto et al., 2016). This forecast ought to be contrasted and the assumption for a beneficial outcome on the interest 

in the goals of numerical practice. The job of past performance in structuring later interest has not much attention or investigated. 

According to the viewpoint of the overall interest hypothesis (Hidi & Renninger, 2016), the possible impacts of early reimbursement 

are just restricted. According to the SCCT’s perspective, interests are viewed as formed by applicable instructive encounters, 

including performance standards and convictions and assumptions regarding their own viability, which they support. A few 

experimental examinations that propose that previous presentation might have some impact on later interests (Tosto et al., 2016). 

For instance, Tosto et al. (2016) observed that presentation in math in the 3rd and 5th grades was linked with little changes in 

numerical interest in the 5th and 8th grades of American understudies. Also, Pinxten et al. (2014) observed that the primary 

accomplishment in math addressed the fundamental expense of 4th-year understudies in Flemish. Nonetheless, the constructive 

outcomes of past mathematical performance on later number related companions were little and dropped to zero when they 

arrived at 7th level. The recognition experience can fill in as a fundamental opportunity for growth as a wellspring of involvement 

for beginning turn of events and refinement of interests. In light of hypothesis and past proof, we expect that prior numerical 

shows relate to a fundamental degree of interest in arithmetic, as expressed by Pinxten et al. anticipated to be positive and that 
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the impacts of ensuing changes in financing costs might be generally little. It is far-fetched that the singular learners experience 

showed in earlier years would fundamentally affect changes in key financing costs, particularly temporarily. All-encompassing 

growth opportunities, which incorporate accomplishment as well as various growth opportunities and verbal and social 

convictions, can later influence changes in higher interest. 

Some examination has recommended that, contrasted with different subjects, there is a moderately solid connection among 

interest and accomplishment in math (Schiefele et al., 1992). In such manner, Maree (1994) expressed that the accompanying 

elements are of importance to the students’ advantage in math: 

1. Students’ sentiments assume a significant part in knowledge interest. 

2. Students’ advantage and capacity are emphatically related. As per Maree (1994), the better a student acts in math, the 

more he/she will like the subject as well as the other way around. 

H3: Self-concept has an indirect impact on mathematics achievement through mathematics interest 

The idea about self-concept, interest and accomplishment have been as something similar and these variables stay interact 

after some time by some researchers. Research by Marsh et al. (2005) has utilized proportional impact models to inspect the 

impact between self-concept, interest, and achievement. As of late, Marsh et al. (2016) utilized complementary impacts models to 

look at the impacts of the circumstance between self-concept, effort, and learner’s success. By this analysis made, it is critical to 

blend the idea of self and accomplishment with interest since interest and self-concept can be fundamentally related (García-

Perales & Palomares-Ruiz, 2020). Contrasted with the development of characteristic interest, Yu and Singh (2016) made sense that 

interest is characterized as “the delight that presents to one the assignment”. While interest is remembered as a means of 

influence to decisions and serves as a motivating mechanism to students, which is related with math accomplishment. The 

assumption hypothesis did not speculate whether interest influences further self-concept (Wigfield & Cambria, 2010). The 

outcomes showed that interest and self-concept were interrelated and were fortified in that superior self-concept prompted better 

self-concept and further developed self-concept coordinated to well self-concept in understudies. In another study by Thien and 

Ong (2015) identified that the relationship between mathematics interest and mathematics accomplishment was seen 

insignificant. In more current research, this study was shown unrelated by Yu and Singh (2016). This study used Malaysian students 

as a factor of the study. The consequences exposed that interest and self-concept were interrelated and were strengthened in that 

improved self-concept led to better self-concept and improved self-concept directed to well self-concept in students. 

H4: Teacher quality has a moderation effect on mathematics interest and mathematics achievement 

Teacher quality has shown to be multipart event and there is little agreement on how to define and measure it (Seidel & 

Shawlson, 2007). Various explanations of types of teacher preparation and knowledge include what ought to be imparted to 

learners and how information should be passed on to be effective in the classroom (Darling Hammond, 2000). Recent analysis, 

which informed about teacher quality stressed how teachers’ involvement with student academic progress differs reckoning on 

several variables like teachers’ academic and skilled background, classroom practices, and years of experience. Countries have to 

be compelled to look rigorously about how teacher-student relationship can be established so that meaningful conclusions can 

be framed and by this, there will be lay out plans to further develop learners’ achievement. During this study, we tried to analyze 

how teacher quality is related to student accomplishment and student interest. Research by Arthur et al. (2017) and Fauth et al. 

(2019) concluded that teaching quality has a significant impact on students’ interest and hence impact their achievement. The 

observational writing examining indicators of students’ interest and achievement have resolved the matter pertaining to teacher 

quality effect by estimating the effect of distinctive teacher factors and estimating the effect of the general teacher quality 

Lazarides and Buchholz (2019). Further, experimental examinations that interface teacher quality and success among students 

are restricted to some researchers in the US. Few reports of writings have analyzed teacher quality attributes related with higher 

learners’ accomplishment in different nations most especially Ghana (Arthur, 2019; Arthur et al., 2017). 

Numerous exact examinations among researchers in the US have recognized the attributes of teacher quality that are related 

with higher student’s accomplishment. Two sorts of reviewed from writings have been led to concentrate on the effect of teacher 

quality as per Knight (2012) as  

(a) concentrates on that examined variety in educator impacts by estimating contrasts between classes in accomplishment 

gains in the wake of controlling for foundation qualities (Hanuskek & Rivkin, 2006). 

(b) relapse concentrates on that explored the connection between instructor qualities and understudy accomplishment in the 

wake of controlling for foundation attributes (Zuzovsky & Donitsa, 2015). Notwithstanding, the discoveries have been seen 

as not significant and inconsistent. 

Regarding long stretches of showing teaching experience, it is decidedly and essentially related to students’ success in Taiwan. 

This confirms (Monk, 2007) discoveries that teacher’s long stretches or years of involvement with students to gain experience have 

a positive relationship. In similar case, I tracked down no connection between these same variables in context. This finding is 

predictable with (Zuzovsky & Donitsa, 2015) who saw as just peripheral and measurably inconsistent beneficial outcomes of 

teacher’s experience on learner’s success in the field of mathematics and science. One more indicator of teacher quality is teacher 

pedagogical readiness. It was reliably answered to affect learner’s achievement (Metzler & Woessmann, 2010). Within “teaching 

quality” refers to certain teacher behaviours that promote students’ demands for autonomy (a sense of self-determination and 

freedom from control), competence (a sense of efficiency and confidence in social interactions), and relatedness (feeling 

connected and backed up by important others) (Arens & Morin, 2016). 
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METHODOLOGY 

Research Design 

The goal of a research design is to lay out an approach for assembling empirical evidence to answer the study questions 

(McMillan & Schumacher, 2006). The study used a descriptive survey as its research design. A research design is said to be 

descriptive if the form of study from which the sample of people is given a questionnaire at a specific time to characterize their 

attitudes, opinions, behaviors, perceptions, or attributes (Creswell, 2012).  

Sampling and Sample Technique 

A research sample is a group of persons who are active contributors of information in a study and for whom data is being 

collected (Imenda & Muyangwa, 2006). The sample size employed for the study was 300 from the population of 1,200 students 

whose form was form 2 and form 3 from Sakafia Islamic SHS and Kumasi Academy SHS. The number of samples, which were used 

for the study falls in line with the suggestion from Yamane (1973) who revealed a formula for calculating the ideal sample size for 

any survey design. This is illustrated, as follows: 

 𝑛 =
𝑁

1+𝑁𝑒2
, (1) 

where n is sample size, N is population size, which is 1,200, and e is error (0.05) confidence level 95%. Thus, we got 

 𝑛 =
1,200

1+(1,200)×(0.05)2
= 300. (2) 

The technique used in selecting the sample was based on simple random approach. Simple random sampling procedure was 

applied for the data collection because it ensures that the key characteristics of individuals in the population are included in the 

sample and every individual selected was not based on bias means but were selected randomly. The sample for the form 2 were 

164 students and 134 for form three. 

Data Collection Instrument 

At the initial stage of the data collection, a letter was written demanding consent to involve the selected SHS schools’ students 

as my respondents to the questionnaire was done. The participants’ privacy and confidentiality were taken into consideration. 

The researcher developed the research questions in two parts with part A as socio-demographic data and part B based on the four 

variables being studied, i.e., self-concept, teacher quality, interest, and mathematics achievement. The part B was measured 

based on 5-Likert scale grading from 5 (strongly agree) to 1 (strongly disagree). The total items were 37 questions in all, and this 

was developed based on the objectives of the study. 

From Table 1, the response indicates that, out of 300 respondents, 161 respondents representing 53.7% were males and the 

remaining 139 respondents representing 46.3% were females. 42 respondents representing 14.0% were between the age ranges 

of 13 to 16 years. 233 respondents representing 78% were between the age ranges of 17 to 20 while 25 respondents representing 

8% were between the age ranging from 21 and above. In term of classes, 166 respondents representing 55.3% were form 2 and 

form 3 students consisted of 134 representing 44.7%. 

Reliability Analysis 

The consistency of the instruments in tapping information from more than one responder is referred to as reliability. The 

reliability coefficient was analyzed with SPSS (version 23) among the variables under study. The analyzed values were 0.924, 0.904, 

0.726, and 0.931 for self-concept, mathematics interest, teaching quality, and mathematics achievement, respectively after the 

Cronbach’s alpha reliability test. DeVellis (1991) stated that reliability coefficient of more than 0.60 is considered quite respectable 

for establishing the appropriateness of an instrument, thus, this coefficient was deemed high enough to support its usage in study.  

Table 1. Demographics of students (Field Survey, 2022) 

Demographics Frequency (n) Percentages (%) 

Gender 300 100.0 

Male 161 53.7 

Female 139 46.3 

Age 300 100.0 

13-16 years 42 14.0 

17-20 years 233 78.0 

Above 20 years 25 8.0 

Program 300 100 

General arts 115 32.9 

General science 115 32.9 

Home economics 120 34.2 

Class 300 100.0 

Form 2 166 55.3 

Form 3 134 44.7 
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DESCRIPTIVE ANALYSIS  

The study also employed descriptive analysis. This was used to test its normality on the questionnaire using mean and 

standard deviation. The results based on each construct items are presented in Table 2. The mean and standard deviation on each 

construct informed the researcher that there was a satisfactory normality test. 

Exploratory Factor Analysis 

SPSS (version 23) was used to estimate exploratory factor analysis (EFA). EFA was used to investigate the interrelated factors 

such that it was used to determine how each of the observed variables loaded on their right respective latent variables. This was 

a strategy to decrease a number of the observed variables on the questionnaire whose loading was not at the right position of the 

latent variable (Surh, 2005). The analysis in Table 3 defines the coefficient of determinant estimated at 2.932E-6 with a Kaiser-

Meyer-Olkin measure of sampling adequacy (KMO) of 0.892. The KMO explained that there was 89% adequacy supposition among 

the observed variables loading in their right dimension on the latent variables.  

Table 2. Descriptive analysis (Field Survey, 2022) 

Variables Mean Standard deviation 

Self-concept 3.702 1.074 

I experience less difficulty in learning mathematics than other subjects. 3.84 1.046 

I have discovered numerous mathematics issues very interesting and testing. 3.64 1.034 

I appreciate attempting to tackle new mathematics issues. 3.79 1.035 

I have never been extremely amped up for mathematics. 3.76 1.125 

I have discovered mathematics as scary. 3.48 1.129 

Teacher quality 4.38 0.788 

My teacher is easy to understand every mathematics concept. 4.29 0.789 

I know what my teacher expects from me. 4.37 0.814 

My teacher gives me interesting mathematics task. 4.51 0.799 

My teacher explains a topic again when we do not understand. 4.35 0.750 

Mathematics interest 3.601 0.988 

I like mathematics. 3.54 0.989 

I learn many interesting things in mathematics. 3.63 0.991 

I look forward to mathematics lessons. 3.61 0.990 

I like to solve mathematics problems. 3.65 0.981 

Mathematics achievement 3.788 1.160 

I learn things quickly in mathematics. 3.83 1.163 

Mathematics is one of my strengths. 3.86 1.152 

I think learning mathematics will help me in my daily life. 3.88 1.110 

I need to do well in mathematics to get the job I want. 3.67 1.182 

I typically perform well in mathematics. 3.70 1.195 
 

Table 3. Exploratory factor analysis (Field Survey, 2022) 

Measurement items 
Components 

1 2 3 4 

SC1 .695    

SC2 .862    

SC3 .868    

SC4 .837    

SC5 .816    

TQ1  .624   

TQ2  .590   

TQ3  .781   

TQ4  .735   

INT1   .864  

INT2   .903  

INT3   .901  

INT4   .742  

ACH3    .847 

ACH4    .847 

ACH5    .859 

ACH6    .871 

ACH7    .752 

Total variance explained 71.663% 

Kaiser-Meyer-Olkin measure of sampling adequacy .892 

Bartlett’s test of sphericity: Approximate Chi-square=3,722.146; df=153; & Sig.=.000 

a. Determinant 2.932E-6 

Note. Extraction method: Principal component analysis; Rotation method: Varimax with Kaiser normalization; & Rotation converged in 5 iterations 
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The Bartlett’s test of sphericity reported a significant p-value of 0.000 from a Chi-square of 3,722.146 and a degree of freedom 

of 153. In addition to the EFA, the four latent variables reported a cumulative variance of 71.663%. However, all other observed 

variables, which were not in their rightful place on the rotated component matrix were deleted. Table 3 gives the final EFA 

depicting the observed variables under their right latent variables. 

Confirmatory Factor Analysis 

Confirmatory factor analysis (CFA) was calculated using Amos (version 23). The CFA as used in many related works confirms 

that it has more applications than other statistical analysis. This is because the CFA can estimate a multiple of statistical test 

(Dogbe et al., 2020; Lahey et al., 2012). Table 4 defines the CFA analysis. After EFA analysis, the observed variables from the rotated 

components were used to analyze the CFA. Factor loading greater than 0.4 were used to analyze the CFA and poor loading below 

0.5 of the observed variables from the EFA were deleted.  

From Table 4, self-concept had five observed variables, teacher quality had four variables, mathematics interest four, and 

achievement five but the fourth variable of teaching quality was deleted because of poor factor loading while the remaining 

variables under each of the latent variable had a factor loading above 0.5 and in their right definiteness was used in determining 

the CFA. Table 4 gives the CFA analysis.  

From Table 4 analysis, Hair et al. (2010) discuss the definiteness of the model fit of the CFA that CMIN/DF (Chi-square value 

over the degree of freedom) should be below three with RMR (root mean square residual) and RMSEA (root mean square error of 

approximation) greater than 0.7 while CFI (comparative fit index) and TLI (Tukey Lewis index) value is calculated to be at least 0.9. 

Hair et al. (2010) explain that CMIN ensures the least discrepancy value and RMR and RMSEA defines the complete fit indices by 

estimating the deviation from the model on the various hypothesis stated. On the other hand, TLI and CFI values are constructed 

in terms of normal-theory on a continuous data, which hypothesized reference line model fit.  

Figure 2 shows diagrammatic presentation of CFA. 

Discriminant Validity  

Average variance extracted (AVE) and composite reliability (CR) was calculated to critically examined the convergent validity 

and reliability on the final observed variables that estimated the CFA. The convergent validity measures how well each observed 

items correlate on the same construct with the other observed variables (Trochim & Donnelly, 2001). The expected value of the 

AVE and the CR should be at least 0.5 and 0.7, respectively. For further analysis of the study and achieving a convergence validity, 

the AVE and CR was calculated, and the results confirms a least AVE=0.571 and CR=0.725, which support the conditions for AVE 

and CR by Fornell and Larcker (1981). The discriminant validity was assessed using the approach of other researchers like Arthur 

et al. (2021) who explained that discriminant validity is obtained when √AVE has a value above the correlation coefficient, which 

the coefficient values was generated from the CFA output using the covariances.  

Table 5 discusses the √AVE against corresponding correlation of the latent variables. From Table 5, since √AVE is greater than 

the correlation values of the latent variables, where the highest √AVE value is 0.857 with the highest correlation coefficient value 

as 0.61. This explains that discriminant validity is achieved. 

Table 4. Confirmatory factor analysis (Field Survey, 2022) 

Model fit indices: CMIN=224.880; df=124; CMIN/df=.814; CFI=.972; TLI=.966; RMR=.047; RMSEA=.052; & PClose=.359 SFL 

Self-concept: AVE=0.725; CR=0.925; & CA=0.924  

I experience less difficulty in learning mathematics than other subjects. 0.876 

I have discovered numerous mathematics issues very interesting and testing. 0.905 

I appreciate attempting to tackle new mathematics issues. 0.877 

I have never been extremely amped up for mathematics. 0.740 

I have discovered mathematics as scary. 0.851 

Teacher quality: AVE=0.50; CR=0.743; & CA=0.726  

My teacher is easy to understand every mathematics concept. 0.503 

I know what my teacher expects from me. 0.834 

My teacher explains a topic again when we do not understand. 0.760 

Mathematics interest: AVE=0.702; CR=0.903; & CA=0.904  

I like mathematics. 0.739 

I learn many interesting things in mathematics. 0.949 

I look forward to mathematics lessons. 0.860 

I like to solve mathematics problems. 0.789 

Mathematics achievement: AVE=0.735; CR=0.933; & CA=0.931  

I learn things quickly in mathematics. 0.842 

Mathematics is one of my strengths. 0.884 

I think learning mathematics will help me in my daily life. 0.916 

I need to do well in mathematics to get the job I want. 0.858 

I typically perform well in mathematics. 0.781 

Note. SFL: Standard factor loading 
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PATH ESTIMATES  

Direct Effect 

Table 6 evaluates the various direct effect of the hypothesis of the study as the path analysis. The path analysis gives a way of 

disintegrating the correlation among the various independent variables against the dependent variable, which supports existing 

theories by other researchers. This was analyzed using structural equation model (SEM) from Amos (version 23). Table 6 presented 

the direct effect of the control variables (gender, age, form, and program of study) and the independent (latent) variables (self-

concept, interest, and teacher quality) against the dependent variables (mathematics achievement). 

From Table 6, age and course of study had no correlation with achievement in mathematics, where they were statistically 

insignificant with age (β=-0.014; CR=-0.665; p-value= 0.506) and course (β=-0.019; CR=-1.435; p-value=0.151). On the other side, 

gender and form of students resulted statistically significant, which explained that the class in which a student is, and his/her 

gender can predict his/her achievement in mathematics. The results of gender showed (β=0.015; CR=0.682; p-value=0.045) and 

form had (β=-0.047; CR=-2.135; p-value=0.033). 

According to the path hypothesis, a bootstrap of 5,000 sample and a confidence level of 95% was analyzed through bias-

corrected (BC) percentile method. Figure 3 represent the diagram of the structural hypothesized paths for the study. Results of 

the analysis showed that the relationship between student’s self-concept and achievement in math has a p-value of 0.000, which 

was statistically significant at 5% and confirms that self-concept has a direct positive influence on mathematics achievement 

(β=0.656; CR=4.950). H1: Self-concepts have a direct impact on mathematics achievement. This explains that self-concept 

contributes to student’s performance by 65.6%. H2: Mathematics Interest has direct impact on mathematics achievement, 

ascertained that the relationship of interest and performance is statistically significant with a p-value 0.049<0.05. This implies that 

 

Figure 2. Diagrammatic presentation of CFA (Field Survey, 2022) 

Table 5. Discriminant validity (Field Survey, 2022) 

Variables SC TQ INT ACH 

SC 0.851    

TQ 0.100 0.707   

INT 0.430** 0.070 0.837  

ACH 0.610** 0.160 0.360** 0.857 

Note. **~p-value significant at 1% (0.01) & √AVE are bold and underlined 
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there is 58.7% achievement in mathematics when student show interest in the study of mathematics (β=0.587; CR=4.394). In 

addition to the above, teacher quality has a direct impact on achievement (β=0.338; CR=3.664). Thus, mathematics achievement 

is increased by 33.8% when teaching quality is enhanced. Similarly, the relationship between self-concept and mathematics 

interest was positively significant having a direct impact (β=0.733; CR=5.630) with a p-value less than 1%. This recorded the highest 

percentage of 73.3% informing that students’ interest in the study of mathematics is increased when they have self-concept. 

Furthermore, the study determined the mediation effect of mathematics interest as another hypothesis path analysis and 

moderation effect of teaching quality between mathematics interest and achievement. H3: Self-concept has an indirect impact on 

mathematics achievement through mathematics interest. This was calculated using the lower and upper bound (BC). The indirect 

effect recorded a lower bound of 0.10 and an upper bound of 0.136 and all the values have same coefficient as positive. The results 

showed that the mediation effect was statistically significant, which support that there is 43% impact on self-concept and 

mathematics achievement through mathematics interest. There is however a partial mediation effect since both Lower and Upper 

BCs are all positive with not zero intersecting them. H4: Teacher quality has a moderation effect on mathematics interest and 

mathematics achievement. The interaction term (INT×TQ) as moderator of teaching quality reported a direct impact on 

achievement. This is statistically significant with a p-value of 0.012<0.05. This explains that teaching quality was seen to be 

moderating interest and achievement in mathematics.  

Table 6. Path summary (Field Survey, 2022) 

Direct path Standard estimate CR p-value 

GENDER→ACH 0.015 0.682 0.045 

AGE→ACH -0.014 -0.665 0.506 

FORM→ACH -0.047 -2.135 0.033 

COURSE→ACH -0.019 -1.435 0.151 

SC→ACH 0.405 6.139** 0.000 

TQ→ACH 0.201 0.144 0.163 

INT→ACH 0.587 4.394 0.049 

SC→INT 0.733 5.630** 0.000 

INT×TQ→ACH 0.268 3.322 0.012 

Indirect path Standard estimate Lower BC Upper BC 

SC → INT → ACH 0.430 0.10 0.136 

Model fit indices: CMIN=224.880; df=124; CMIN/df=1.814; CFI=.972; TLI=.966; RMR=.047; RMSEA=.052; & PClose=.359 

Note. *~p-value significant at 1% (0.01) & *~p-value significant at 5% (0.05) 

 

Figure 3. Structural paths (Field Survey, 2022) 
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Figure 4 demonstrates the two-way interaction of the independent variable (mathematics interest) and the dependent 

variable (achievement in mathematics), which have been influenced by the moderator (teaching quality). From Figure 4, as higher 

level of teaching quality, there is a higher level of mathematics interest predicting higher level of mathematics achievement. It 

informed that, at lower influence of teaching quality, there is a higher achievement through higher level of mathematics interest. 

Discussion of Results 

According to some practitioners and some researchers, one of the key attributes in achieving success in mathematics is self-

concept. Based on the analysis conducted, self-concept was statistically significant, which supports a number of writings, and it 

serves as a contribution to literature. For example, Goetz et al. (2013) examined the relationship between self-concept and 

achievement among other variables. They concluded that there was a strong correlation between self-concept and achievement 

in mathematics. Punithavathi (2011) investigated to discover the connection among self-concept and educational overall 

performance of college students in the pre-tertiary level. The conclusion of the research found out a vital courtship among self-

concept and educational achievement.  

The findings of this study also showed a statistically significant among mathematics interest and achievement in mathematics. 

This study showed that there is 58.7% achievement in mathematics when students’ interest is enhanced. The findings from this 

study support related work by Sauer (2012) and Tosto et al. (2016). They concluded by stating that interest and achievement in 

mathematics has a significant impact or direct effect on mathematics achievement. Another study from Zhang and Wang (2020) 

looked at a similar study between interest and achievement. They concluded with a positive direct link between the variables.  

From this study, the findings presented that there was a direct effect of teaching quality and mathematics achievement. The 

p-value between teaching quality and achievement showed 0.000 at 1% significant. Fauth et al. (2019) study about teaching quality 

with some variables to predict performance in mathematics. They concluded with a direct of teaching quality and teacher 

competence has a significant impact on students’ performance with this same study supporting their conclusion. This study also 

supports research by Arthur (2019) whose conclusion showed a direct positive impact between teaching quality and mathematics 

achievement.  

Moreover, this study also focused on the mediating analysis (indirect path) and moderation effect. Teaching quality in this 

study was hypothesized as a moderator. The interaction term (INT×TQ), which was serving as the moderating effect of the teaching 

quality reported a p-value of 0.012<0.05. This was statistically significant at 5% confidence interval. This explains that teaching 

quality was moderating mathematics interest. Furthermore, the indirect path (mediating effect) was examined as statistically 

significant explaining that self-concept has an indirect effect through mathematics interest on achievement. This was showed to 

be partially mediating effect. 

CONCLUSION 

The study concluded that self-concept, mathematics interest and teaching quality have a direct positive effect on students’ 

performance with their significance below 5%. The study also found self-concept as having a partial mediator to mathematics 

achievement through mathematics interest. However, teaching quality showed no moderating effect between interest and 

achievement.  

Recommendation 

The findings of the study suggest the following recommendations: 

1. It was recommended that teaching quality strategies must be utilize by school management to promote students’ 

performance. Teaching quality techniques such as supportive climate, cognitive activation and classroom management 

should be adopted by SHS. 

2. The study made use of causal analysis and therefore recommended for the account of longitudinal study of data. 

 

Figure 4. Two-way interaction (Field Survey, 2022) 



 Fosu et al. / Journal of Mathematics and Science Teacher, 3(1), em024 11 / 13 

Limitations 

 Since the study was conducted in Kumasi Metropolis, its findings cannot be generalised to other part of the country to reflect 

students’ success. The schools, which participated for this study were only two and the study would have given a better description 

of the nature of students’ approach towards the study of mathematics if more schools were used. The fact that the findings from 

the sample of SHS 2 and 3 students offering just three programmes that is, general arts, general science, and home economics 

were seen as a limitation for generalisation of the findings. In the light of this, no attempt was made to generalise the findings 

beyond the scope of this study. 
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