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Abstract 

This study tries to investigate the effects of effective teaching of mathematics on teacher-student 

relationship (TSR), student engagement (StEn) and student mathematical achievement. A 

questionnaire is developed to measure the above three constructs in this study, and examination 

results at the end of the academic year are obtained as the measure of achievement. Confirmatory 

factor analysis shows that the constructs measured by the questionnaire have reliability and 

validity. Structural equation modelling confirms the proposal that effective teaching will affect 

TSRs, StEn, and mathematical examination scores. Teaching effectiveness as measured by 

students’ responses to the questionnaire can account for 14% of the variance of students’ final 

examination score. This study may shed light on the causal effects of effective teaching on TSR, 

StEn and mathematical achievement. Findings of this study may inform teachers of approaches in 

teaching to enhance students’ achievement in mathematics. 

Keywords: effective teaching, student engagement, student mathematical achievement, teacher-

student relationship 

 

INTRODUCTION 

Student achievement in examination is one of the key 
performance indicators of the quality of education 
provided by a school. In Hong Kong, student 
achievement of secondary school students is always 
treated as the most important indicator of school 
effectiveness by the public. As a result, teachers attach 
great importance to enhancing student examination 
results in secondary schools. Identifying factors for 
improving students’ examination results will be seen as 
a top priority for teachers. There are many factors found 
to be significantly related to student achievement by 
research studies such as teaching effectiveness (TE) 
(Ding & Sherman, 2006; Odden et al., 2004), teacher-
student relationship (TSR) (Allen et al., 2013; Cornelius-
White, 2007; Roorda et al., 2011), and student 
engagement (StEn) (Alrashidi et al., 2016; Gunuc, 2014; 
Lei et al., 2018; Wang et al., 2016). This study tries to find 
out whether effective teaching of mathematics teachers 
can have positive effects on student achievement in 
mathematics through intervening variables of TSR and 
StEn.  

LITERATURE REVIEW 

Teaching Effectiveness 

TE is understood and accepted by all stakeholders as 
a direct and important cause affecting student learning 
which in turn affects student achievement. The 
relationship is supported by many research studies. 
There are many research reports showing that TE has a 
direct relationship with student learning (Akram, 2019). 

TE is a concept with different and diverse 
interpretations and measurements (Seidel & Shavelson, 
2007). In order to understand what constitutes TE, 
different models are put forward to explain the teaching 
and learning process.  

Stronge et al. (2011) suggested that there are four 
dimensions of TE according to a review of research 
studies. The four dimensions include instructional 
delivery, student assessment, learning environment and 
personal qualities. The instructional delivery can also be 
subdivided into instructional differentiation (Ryder et 
al., 2003), instructional focus on learning (Westley, 2011), 
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instructional complexity (Sternberg, 2003; Wenglinsky, 
2000), expectations for student learning (Palardy & 
Rumberger, 2008; Peart & Campbell, 1999), use of 
technology (Cradler et al., 2002; Schacter, 1999), and 
questioning (Allington & McGill-Franzen, 2000). Stronge 
et al. (2011) found that there is a significant difference in 
student achievement in mathematics and reading, and 
classroom management between effective and less 
effective teachers. 

A review of three international systems for 
observation of effective teaching, ISTOF, QoT and 
METE, supports that effective teaching with different 
dimensions can be observed. Instruction is one key 
dimension to be observed for effective teaching for all 
three systems. Some of the components of instruction 
include clarity and skills, enhancing students’ 
conceptual development, activating prior knowledge to 
develop new concepts, adapting to students’ 
characteristics, ability and needs.  

Brophy (1986b) pointed out that effective teaching 
behavior is essential for improving student achievement. 
Muijs and Reynolds (2010) found that teacher behaviors 
were able to explain between 60% and 100% of pupils’ 
progress on the numeracy tests in the United Kingdom. 
Findings by Kemp and Hall (1992) indicated that student 
achievement is linked to teacher competence, lesson 
presentation, teacher questioning techniques, discipline, 
and effective patterns of instruction. In a wide range of 
contexts and countries, effective teachers were found to 
emphasize academic instruction as their main classroom 
goal, have an academic orientation, create task-oriented 
environment, and spend classroom time on academic 
activities (Borich, 1996; Brophy, 1986a; Griffin & Barnes, 
1986; Muijs & Reynolds, 2001). 

There is also research mainly investigating the 
relationship between TE and student achievement (Ding 
& Sherman, 2006). For research on this relationship, TE 
will be more related to specific teaching practices (Kemp 
& Hall, 1992; Kyriakides, 2005), systematic teaching 
procedures (Kemp & Hall, 1992), and teaching connected 
to assessment (Porter, 2002).  

It is proposed in this study that the instructional 
behavior of mathematics teachers in the classroom, as an 
important dimension of TE, will affect student 
achievement in mathematics. 

Teacher-Student Relationship 

TSR is also one important factor related to student 
achievement (Hamre & Pianta, 2001; Hughes et al., 2012; 
Ma et al., 2022; Midgley et al., 1989; Pianta & Allen, 2008; 
Xu & Qi, 2019). High school students with positive TSR 
have higher student mathematics achievement (Muller 
et al., 1999; Xu & Qi, 2019). Studies in China also found a 
positive association of TSR with students’ mathematics 
achievement (Lei et al., 2022). 

Roorda et al. (2011) adopted a meta-analytic 
approach to investigate the associations between 
affective qualities of TSR, students’ school engagement 
and achievement and found that there are significant 
relations between TSR and students’ school engagement 
and achievement. Roorda et al. (2011) concluded that the 
results provided further support to various prior 
research studies suggesting the influence of TSRs on 
students’ school engagement and achievement (e.g., 
Bergin & Bergin, 2009; Davis, 2003; Hamre & Pianta, 
2001; Pianta et al., 2003; Skinner & Belmont, 1993). 
Roorda et al. (2017) conducted a meta-analytic update 
and tested the mediating role of engagement between 
affective TSRs and students’ achievement and concluded 
that affective TSRs will have positive effect on StEn 
which in turn affects students’ achievement. 

Student Engagement 

Fredricks et al. (2019) pointed out that StEn is a 
prerequisite for student learning and retention. StEn is 
found to have significant effects on enhancing students’ 
achievement (Center for Education Statistics and 
Evaluation [NSW], 2017). Lei et al. (2018) analyzed data 
from 69 independent samples to determine the 
relationship of StEn and academic achievement and 
found that there was a medium positive correlation of all 
facets of StEn with academic achievement. Gunuc (2014) 
found that there was a significant relationship between 
academic achievement and StEn. 

Relationships Between TE, TSR, StEn, and Student 
Achievement 

There are studies showing that TE (Allen et al., 2013; 
Cornelius-White, 2007); and StEn (Lei et al., 2018; Pedler 
et al., 2020) can affect student achievement (Lei et al., 

Contribution to the literature 

• This study found that teaching effectiveness, teacher-student relations and student engagement have 
causal effects on students’ achievement as supported by the structural equation model analysis and the 
temporal differences in the measurement, without using an experimental design methodology. 

• Engagement is found to have the highest impact on student mathematical achievement. In order to 
enhance students’ mathematical achievement, great importance should be attached to improving student 
engagement during lessons. 

• Teaching effectiveness has a higher positive influence on student engagement as compared to teacher-
student relations. Teachers are advised to put more emphasis on improving their teaching effectiveness. 
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2022; Roorda et al., 2011). There are also studies 
suggesting that TSR will affect StEn which in turn will 
affect student achievement (Hughes et al., 2008; Roorda 
et al., 2011).  

Many studies found that TSR is significantly 
associated with student achievement (Emslander et al., 
2023) and TE (Ghasemi, 2022; Li et al., 2022). Very few 
studies have investigated the casual effects between TSR 
and TE. Positive TSR was found to be a factor leading to 
TE (Li et al., 2022; Park & Kim, 2019), whereas Ghasemi 
(2022) found that TE might lead to TSR. The direction of 
causation between TE and TSR needs further research to 
confirm according to the above different findings. 

One dimension of good quality of teaching in the QoT 
(Ingram et al., 2018), safe and stimulating learning 
climate, includes indicators of a relaxed atmosphere, 
mutual support, supporting the self-confidence of 
students, and showing respect for the students in 
behavior and language use. The indicators are conducive 
to developing a good TSR. The dimension of classroom 
climate in ISTOF (Ingram et al., 2018) for observing TE 
which includes teachers’ warmth, empathy, warmth and 
respect to students, will very likely lead to a better TSR. 
The above dimensions of TE are likely to develop better 
TSR. Hence it is proposed in this study that TE may lead 
to TSR. 

Theoretical Framework 

This study tries to find out the relationship among TE 
of mathematics teachers, TSR, StEn, and students’ 
performance in mathematics in a secondary school 
which admits students mainly from the below average 
ability group as measured in the secondary school 
allocation system. In order to find out the relationships 
among the constructs, a theoretical framework with 
reference to literature reviewed is put forward (Figure 
1).  

After having reviewed relevant literature, it is 
proposed that TE has causal effects on TSR (Ghasemi, 
2022) as hypothesis 1; TE has positive effect on StEn as 
hypothesis 2; TSR has positive effect on StEn as 
hypothesis 3; and StEn has positive effect on student 
achievement as hypothesis 4. 

TE is a multi-dimensional concept and in this study, 
it is proposed that the instructional behavior of 

mathematics teachers in the classroom, as an important 
dimension of TE, will affect students’ achievement. In 
order to measure the instructional behavior of teachers, 
the method of using questionnaire designed for students 
is adopted. This method has been proved to be a 
possible, valid and reliable way of measurement (De 
Jong & Westerhof, 2001; Kyriakides, 2005; Kyriakides et 
al., 2014). As effective learning by students is the main 
goal of instructional behavior of teachers, students’ 
perception of teacher’s instructional effects should be a 
very appropriate indicator or measurement of teacher’s 
instructional effectiveness. Students are the best people 
to judge whether they can learn effectively, especially in 
mathematics. Therefore, in this study, it is proposed that 
TE can be measured by teachers’ behavior in the 
classroom related to the following aspects as perceived 
by students. 

TE affects student achievement through some 
mediating variables. TSR and StEn are proposed to be 
two important mediating variables. There are studies 
showing that TSR (Allen et al., 2013; Cornelius-White, 
2007); and StEn can affect student achievement (Lei et al., 
2022; Roorda et al., 2011). There are also studies 
suggesting that TSR will affect StEn which in turn will 
affect student achievement (Hughes et al., 2008; Roorda 
et al., 2011). According to self-determination theory, 
there are three basic psychological needs of students for 
motivation and well-being: autonomy, competence and 
relatedness. In order to enhance students’ learning 
effectiveness, teachers will adopt strategies in teaching 
to meet students’ needs. The need for relatedness of 
students can be met by building a good TSR. Active 
engagement in learning will contribute to students’ 
sense of learning with competence and autonomy. 
Hence, an effective teaching strategy which targets 
motivating students will probably lead to better teacher-
student relations and students’ engagement in learning. 
When the needs of students are met through good TSR 
and active engagement, their achievement in learning 
will be enhanced as a final result. 

Samuelsson and Samuelsson (2017) found that an 
effective mathematics teacher worked patiently to 
establish structures, and there was almost no disruptive 
behavior because students simply were so engaged in 
learning mathematics. Understanding and building up 
concepts are important elements for learning 
Mathematics. If an effective teacher can explain concepts 
clearly to students, allow students to have sufficient time 
in thinking and understanding the concepts taught in the 
classroom with appropriate pace of teaching and 
learning activities so that students feel empowered to 
solve mathematical problems, students will be engaged 
in their learning. The above study may provide support 
to the proposal of effective teaching leading to StEn. 

The above related studies suggest that effective 
teaching may have a causal effect on improving TSRs 
and StEn. There are also studies suggesting that TSR will 

 
Figure 1. Theoretical model (Source: Authors’ own 
elaboration) 
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affect StEn which in turn will affect student achievement 
(Hughes et al., 2008; Roorda et al., 2011). 

METHODOLOGY 

Hypotheses 

There are four hypotheses in this study according to 
the proposed theoretical framework as follows: 

Hypothesis 1. Effective teaching has positive effects 
on TSR. 

Hypothesis 2. Effective teaching has positive effects 
on StEn. 

Hypothesis 3. TSR has positive effects on StEn. 

Hypothesis 4. StEn has positive effects on student 
achievement. 

Research Design 

All form 4 students at a secondary school in Hong 
Kong were asked to respond to a questionnaire to 
measure the teacher’s teaching strategy, TSR and StEn in 
the middle of an academic year. All items in the 
questionnaire adopt a 5-point Likert scale ranging from 
strongly disagree to strongly agree. There are 98 form 4 
students studying in 4 classes taught by 4 different 
teachers, respectively. Students’ examination scores in 
mathematics were collected at the end of the academic 
year.  

Measures 

Effective teaching. There are various dimensions 
related to TE proposed in various studies as reviewed 
above. This study will focus on instructional 
effectiveness in the classroom as students perceive it. 
There are research studies supporting that students’ 
rating of teacher’s effectiveness is reliable and valid 
(Akram, 2019; Kyriakides, 2005). This study will focus on 
instructional effectiveness in the classroom as perceived 
by students. Hence, TE is operationally defined as 
instructional effectiveness of teacher. With reference to 
indicators of TE (Ingram et al., 2018), the following 
characteristics of instructional effectiveness are 
measured with a questionnaire developed for this study: 

1. Clarity of communication  

2. Good instructional skills  

3. Good pace of teaching process to allow students’ 
thinking and conceptual building  

4. Sufficient time for students to respond to the 
teaching  

5. Teaching according to student’s ability  

Five items were developed in Chinese to measure the 
above characteristics in this study. An example of the 
item is “Teaching is according to my ability”.  

Teacher-student relationship  

The TSR is defined as interactions characterized by 
warmth, closeness, support, friendliness and caring 
between teachers and individual students (Emslander et 
al., 2023).  

Four items were developed in Chinese to measure the 
above characteristics in this study. An example is 
“Student perceives the teacher as friendly”. 

Student engagement 

Fredricks et al. (2004) proposed that StEn is a multi-
dimensional construct which includes behavioral 
engagement, emotional engagement and cognitive 
engagement. Behavioral engagement is an important 
dimension of StEn, which includes effort, persistence, 
attention, participation, following rules and the absence 
of disruptive behaviors. With the review of literature, 
StEn is measured as one concept and operationally 
defined in this study that students actively engage in 
classroom study with good atmosphere, smooth running 
of activities, no improper behavior, following rules with 
active interaction. Five items were developed to measure 
the above characteristics in Chinese. An example of the 
items is “There is good atmosphere of learning in the 
classroom.” 

Student achievement  

After asking students to respond to the 
questionnaire, their scores in final examination of 
mathematics were recorded after a few months and are 
used as a measure of student’s achievement in 
mathematics in this research. 

RESULTS 

All 98 students from form 4 filled out the 
questionnaire. After the procedure for checking and 
cleaning the data, it was found that the 98 completed 
questionnaires could be used for conducting 
confirmatory factor analysis (CFA) by using AMOS 
version 28.  

Demographic Data of the Sample 

There are 63 male students and 35 female students 
responding to the questionnaire. 

Descriptive Statistics of Responses to Each Item of the 
Questionnaire and the Examination Score 

A descriptive analysis of the responses to each item 
of the questionnaire shows that the mean score of each 
item ranges from 3.39 to 4.05 out of a maximum of 5, and 
the standard deviation of each score ranges from 0.78 to 
0.98. The skewness of all responses lies between -1 to 1. 
The kurtosis of all responses except two also lies between 
-1 to 1. The kurtosis of the two responses are 1.2 and 1.5, 
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respectively. From the above analyses, normal 
distribution of all responses may be assumed. The 
following parametric analyses can further proceed. 

Confirmatory Factor Analysis 

The measurement scales for each of the three 
constructs, TE, TSR, and StEn were analyzed by CFA 
using Amos version 28 as three distinct constructs. The 
result of analyses supports three distinct factors with an 
excellent fit (CFI: 0.959; IFI:0.946 RMSEA: 0.082). Table 1 
reports the reliability, average variance extracted and 
correlations among factors which show that the three 
constructs are reliable, with composite reliability 
ranging from 0.885 to 0.939, and Cronbach’s alpha from 
0.871 to 0.938. Since all the variances extracted are bigger 
than 0.5 and the correlations among factors by CFA are 
below 0.852, the results support that the three constructs 
have discriminant validity and reliability.  

Since the three constructs are developed with 
reference to literature and inspected by experts in the 
field, they should have content validity. The structural 
equation model analyzed below can also support that 
the three constructs have convergent validity (Table 1).  

Descriptive Statistics of and Correlations Among the 
Three Factors and Achievement Score 

The descriptive statistics and the difference between 
the theoretical means of the three factors and 
achievement scores are reported in Table 2. The results 
show that the four variables do not deviate from normal 
distribution. Students, in general, have positive views on 
TE, the relationship with teachers and their engagement 
in learning as all the variables are significantly higher 
than 3 out of a Likert scale of 5.  

Structural Equation Modelling 

The above analyses show that there are significant 
relationships among various factors. To test the validity 
of the 4 hypotheses, structural equation models are 

needed. Model 1, according to the theoretical model, is 
put forward according to analysis by AMOS version 28. 
The examination scores are the results of the final 
examination a few months after students respond to the 
questionnaire. The goodness of fit indices of the 
structural equation model shows that the data have 
excellent fit indices with the theoretical framework 
(CFI=0.970; IFI=0.971; TLI=0.960; RMSEA= 0.069).  

However, it is possible that the actual causal 
relationships among the three factors may not be as 
proposed in the theoretical model. For example, it may 
be possible that the TSR is the most important factor 
which will affect a teacher’s TE and StEn instead of TE as 
the predicting variable of other variables. In order to 
verify whether the proposed theoretical framework is 
the most appropriate model describing the relationships 
among various variables, several competing models as 
shown in Figure 2 and structural equation modelling 
analyses were performed for each model to see whether 
the data support the proposed theoretical model of this 
study. Model 1 is the model according to the theoretical 
framework. Model 2 and model 3 are different models 
with TE as the predicting variable but with different 
paths to other variables. Model 4 and model 5 are two 
models with the TSR as the predicting variable with 
different paths to other variables. The goodness of fit 
indices of different models are shown in Table 3.  

Table 3 shows that model 1 has the smallest chi-
square as compared with model 2 to model 4 which have 
the same degree of freedom, it is a better model as 
compared to them. Model 5 has one degree of freedom 
less than model 1 but has an increase of 7 in chi-square, 
implying that model 1 is a much better model as 
compared to model 5. Hence, model 1 represents the best 
model as compared to all other four models by 
considering the small changes in chi-square. If we 
compare the models by all other fit indices, it can be seen 
that model 1 is consistently better than all other models. 
Hence, it can be concluded that model 1 is the best model 
according to analysis of data. 

Table 1. Composite reliability, Cronbach’s alpha reliability, average variance extracted, and correlations among factors 

Factor 
Composite 
reliability 

Cronbach’s alpha 
reliability 

Average variance 
extracted 

R T M 

Teacher-student relationship (R) 0.893 0.871 0.628 1   
Teaching effectiveness (T) 0.939 0.938 0.755 0.854* 1  
Student engagement (E) 0.885 0.893 0.608 0.741* 0.724* 1 

Note. *p < 0.001 

Table 2. Descriptive statistics of the three factors and achievement score, and the difference with the theoretical means of 
the three factors 

Variable Mean Standard deviation Skewness Kurtosis df Mean difference with 3 t-value 

Effective teaching 3.66 0.729 -0.732 0.968 97 0.638 8.168* 
Teacher-student relationship 3.63 0.716 -0.542 1.090 97 0.608 8.052* 
Engagement 3.67 0.653 -0.479 1.080 97 0.681 10.227* 
Achievement 34.28 19.26 0.383 0.485 - - - 

Note. *p < 0.001 
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Relationships among Variables  

Since model 1 is best fitted by the data among various 
competing models, this study confirms the proposed 
theoretical model according to the data obtained. It is 
used to interpret the relationships among various 

variables in this study. The results of the model with 
standardized direct effects and total effects of one 
variable on the other are reported in Table 4. 

DISCUSSION 

The proposed theoretical model suggests that TE has 
a positive direct effect on TSR and StEn. Furthermore, 
the TSR has a significant relationship with StEn which in 
turn affects student achievement. The relationships are 
proposed and supported by related research studies. The 
analyses above show that model 1 is the best model 
fitting the data compared to other models. Furthermore, 
the goodness of fit indices shows that the data obtained 
provide excellent fit indices for model 1. Hence the 
findings of this study confirm the significant 
relationships among various variables in this study. 
Since the exam scores were taken a few months after 
measuring various factors by questionnaire, there is 
evidence to support the causal relationship of the three 
factors measured on student achievement. However, the 
data measuring the three variables are taken by students’ 
responses to the questionnaire simultaneously, and the 
causal relationships among them cannot be confirmed. 
The results from the structural equation model only 
suggest that the causal relationship aligns with the 
proposed theoretical model. An interpretation of the 
results is put forward, as follows.  

Effects of Teaching Effectiveness on Teacher-Student 
Relationship 

This study finds that TE has significant standardized 
direct effects of 0.869 on TSR. The result supports 
hypothesis 1, which states that effective teaching has 
positive effects on the TSR.  

The relationship can be interpreted, as follows. 
Relationship between people has to be established 
through knowing each other, social interaction, working 
together, mutual understanding and affiliation need. 
The social interaction between teachers and students is 
mainly through the teaching and learning process. Some 
students may only know the teacher after the first lesson. 
Effective teaching requires social interaction between 
teacher and students and mutual understanding. 
Effective teaching can fulfil the achievement and 
affiliation needs of students. Form 4 students in Hong 

 
Figure 2. Competing models (Source: Authors’ own 
elaboration) 

Table 3. Model comparison 

Model CS df CS/df CFI RMSEA 

1 (TM) 114.112 78 1.463 0.970 0.069 
2 133.234 78 1.708 0.954 0.085 
3 116.139 78 1.489 0.968 0.071 
4 121.695 78 1.560 0.964 0.076 
5 121.157 77 1.573 0.963 0.077 

Note. TM: Theoretical model & CS: Chi-square 

Table 4. Standardized direct and total effects among 
various variables 

Relation between variables SDE STE 

TE to TSR 0.869* 0.869* 
TSR to StEn 0.550* 0.550* 
TE to StEn 0.450* 0.929* 
StEn to achievement 0.380* 0.380* 
TE to achievement - 0.353* 

Note. *p < 0.001; SDE: Standardized direct effect; STE: 
Standardized total effect 
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Kong usually attach great importance to academic 
achievement because their future well-being is perceived 
to be seriously affected by their examination results. If a 
teacher can teach effectively, students’ achievement and 
affiliation needs can be satisfied. The teacher will be 
well-received by students. Hence, a better relationship 
between teacher and students will follow.  

Effects of Teacher-Student Relationship on Student 
Engagement 

This study finds that the TSR has a significant 
standardized direct effect of 0.550 on StEn. The result 
supports hypothesis 3 which states that TSR has positive 
effects on StEn.  

The effect can be explained by social learning theory 
and the affiliation needs of students. If the relationship 
between teacher and students is good, students’ 
affiliation needs will be met, and students will take more 
action to further enhance their affiliation needs. They are 
more willing to have social interaction with the teacher 
in the classroom, follow their teacher’s teaching, 
positively respond to the teacher’s request to complete 
learning tasks and maintain a good atmosphere of 
learning. Hence, good TSR can lead to students’ 
engagement in learning.  

Effects of Teaching Effectiveness on Student 
Engagement 

This study finds that TE has significant direct effects 
and a total effect on StEn of 0.450 and 0.929, respectively. 
The result supports hypothesis 2 which states that 
Effective teaching has positive effects on StEn.  

With effective teaching delivered by a teacher, 
students’ understanding of the concept taught and 
students’ ability to solve mathematical problems in the 
classroom will be enhanced. They will be motivated to 
actively engage in learning because their achievement 
need can be satisfied. Students’ engagement in learning 
will be further reinforced after they find more 
satisfaction in completing tasks given by teachers. Hence 
TE can have a direct effect on StEn. 

TE can also affect TSRs which in turn affect StEn. 
Hence, in addition to the above direct effect, TE can 
affect students’ engagement through teacher-students 
relationships as a intervening variable. 

Effects of Student Engagement on Students’ 
Examination Scores in Mathematics 

This study finds that StEn has a significant 
standardized direct effect of 0.380 on StEn. The result 
supports hypothesis 4 which states that StEn has positive 
effects on student achievement. The relationship can 
explain a 14.5% variance in students’ achievement in the 
examinations. Since there are many factors affecting the 
achievement of students, a single factor of engagement 

explaining around fourteen per cent of the variance is 
quite significant.  

The result of this study supports research studies 
showing that there is a significant relationship between 
StEn and academic achievement (Gunuc, 2014; Hughes 
et al., 2008). StEn is very important for students to learn 
mathematics. A student needs to solve mathematical 
problems in order to have a good examination score. In 
the learning of mathematics, students are often given the 
task of solving a mathematical problem. Without 
actively taking part in solving a problem in the 
classroom, students may not be able to solve a problem 
in examination. Hence, engagement is a very important 
factor for enhancing achievement in mathematics. 

CONCLUSION 

The study proposes a theoretical model of the 
following causal relationships: effective teaching has a 
positive significant effect on the TSR and StEn, the TSR 
has a positive significant effect on StEn, and StEn has a 
positive effect on student achievement. The data and 
analysis support the relationship of the theoretical 
model and all four hypotheses.  

There are many studies supporting the idea that TE, 
TSR and StEn have positive effects on student 
achievement. However, the exact causal relationships 
among the variables are difficult to identify with support 
from data. This study tries to propose a set of causal 
relationships among the variables and structural 
equation modelling analysis seems to confirm the causal 
relationships among various variables according to the 
theoretical model. The findings may cast light on the 
casual relationships among various variables. However, 
further research has to be conducted to have a better 
understanding of the relationships. 

The results of this study suggest that TE is an 
important predictor of TSR, StEn, and student 
achievement in mathematics. TE has always been treated 
as a very important aspect leading to school effectiveness 
and students’ learning effectiveness. There are various 
dimensions of TE, but the effective teaching strategy in 
this study can explain around 14% of the variance of 
student achievement in mathematics, which is quite 
significant. Numerous factors are found to be related to 
students’ achievement such as intelligence and other 
personal factors of student, family background, 
motivation, environment, school factors, and social 
factors. In this study, just one dimension of TE, teaching 
strategy, is found to have a total effect on 14% of the 
variance of students’ achievement in mathematics. 
Teachers and the school administration should attach 
great importance to paying more effort to improve the 
teaching strategy adopted by teachers.  

StEn is found to have a direct causal effect on 
students’ mathematical achievement. It is an intervening 
variable between TE and student achievement. StEn can 
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be relatively easy to observe. The observation can be 
used to estimate the future achievement of students. If 
StEn is not up to expectation, a school or teacher can take 
some remedial measures to improve students’ 
engagement to enhance students’ achievement. 

The TSR is found to have a direct causal effect on 
students’ engagement, which in turn affects 
mathematical achievement. It is an intervening variable 
between TE and student achievement. The TSR can also 
be easily felt by teachers and students. The observation 
of the TSR can be used to estimate the future 
achievement of the students. If a TSR is not up to 
expectation, a school or teacher can take some remedial 
measures to improve the relationship to enhance 
students’ achievement.  

Limitations  

This study conducts quantitative research in a school 
which supports a proposed theoretical model for TE, 
TSR, StEn and mathematical achievement in a school. 
Only one dimension of TE, instructional effectiveness, 
was measured in this study. Further studies including all 
dimensions of TE (Stronge et al., 2011) may cast light on 
the effects of various dimensions of TE on TSR, StEn and 
StEn. 

Author contributions: HSC: was responsible for writing the paper 
and conducting the data analysis & SWHC: contributed by 
preparing the research proposal, designing the questionnaire, and 
overseeing data collection. Both authors have agreed with the 
results and conclusions. 

Funding: This study was supported by the Research Matching 
Grant set up by Gratia Christian College with grant matching from 
the Hong Kong Government. 

Ethical statement: The authors stated that ethical approval was 
received from the school principal to conduct the research in his 
school by the second author when he was a teacher in that school. 
Written informed consents were obtained from the participants. 

Declaration of interest: No conflict of interest is declared by the 
authors. 

Data sharing statement: Data supporting the findings and 
conclusions are available upon request from the corresponding 
author. 

REFERENCES 

Akram, M. (2019). Relationship between students’ 
perceptions of teacher effectiveness and student 
achievement at secondary school level. Bulletin of 
Education and Research, 41(2), 93-108. 

Allen, J., Gregory, A., Mikami, A., Lun, J., Hamre, B., & 
Pianta, R. (2013). Observations of effective teacher-
student interactions in secondary school 
classrooms: Predicting student achievement with 
the classroom assessment scoring system–
Secondary. School Psychology Review, 42(1), 76-98. 
https://doi.org/10.1080/02796015.2013.12087492  

Allington, R. L., & McGill-Franzen, A. (2000). Looking 
back, looking forward: A conversation about 
teaching reading in the 21st century. Reading 

Research Quarterly, 35(1), 136-153. https://doi.org/ 
10.1598/RRQ.35.1.10  

Alrashidi, O., Phan, H. P., & Ngu, B. H. (2016). Academic 
engagement: An overview of its definitions, 
dimensions, and major conceptualisations. 
International Education Studies, 9(12), 41-52. 
https://doi.org/10.5539/ies.v9n12p41  

Bergin, C., & Bergin, D. (2009). Attachment in the 
classroom. Educational Psychology Review, 21(2), 141-
170. https://doi.org/10.1007/s10648-009-9104-0  

Borich, G. D. (1996). Effective teaching methods. Merrill. 

Brophy, J. (1986a). Classroom management techniques. 
Education and Urban Society, 18(2), 182-194. 
https://doi.org/10.1177/0013124586018002005  

Brophy, J. (1986b). Teacher influences on student 
achievement. American Psychologist, 41(10), 1069-
1077. https://doi.org/10.1037/0003-066X.41.10. 
1069  

Cornelius-White, J. (2007). Learner-centered teacher-
student relationships are effective: A meta-analysis. 
Review of Educational Research, 77(1), 113-143. 
https://doi.org/10.3102/003465430298563  

Cradler, B. J., Cradler, R., & Mcnabb, M. (2002). Research 
implications for preparing. Learning and Leading 
with Technology, 30, 50-55. 

Davis, H. A. (2003). Conceptualizing the role and 
influence of student-teacher relationships on 
children’s social and cognitive development. 
Educational Psychologist, 38(4), 207-234. 
https://doi.org/10.1207/S15326985EP3804_2  

De Jong, R., & Westerhof, K. J. (2001). The quality of 
student ratings of teacher behaviour. Learning 
Environments Research, 4(1), 51-85. https://doi.org/ 
10.1023/A:1011402608575  

Ding, C., & Sherman, H. (2006). Teaching effectiveness 
and student achievement: Examining the 
relationship. Educational Research Quarterly, 29(4), 
40-51.  

Emslander, V., Holzberger, D., Ofstad, S. B., Fischbach, 
A., & Scherer, R. (2023). Teacher-student 
relationships and student outcomes: A systematic 
review of meta-analyses and second-order meta-
analysis. PsyArXiv. https://doi.org/10.31234/osf. 
io/qxntb  

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). 
School engagement: Potential of the concept, state 
of the evidence. Review of Educational Research, 74(1), 
59-109. https://doi.org/10.3102/003465430740010 
59  

Fredricks, J. A., Reschly, A. L., & Christenson, S. L. 
(2019). Interventions for student engagement: 
Overview and state of the field. In J. A. Fredricks, 
Aa L. Reschly, & S. L. Christenson (Eds.), Handbook 
of student engagement interventions: Working with 

https://doi.org/10.1080/02796015.2013.12087492
https://doi.org/10.1598/RRQ.35.1.10
https://doi.org/10.1598/RRQ.35.1.10
https://doi.org/10.5539/ies.v9n12p41
https://doi.org/10.1007/s10648-009-9104-0
https://doi.org/10.1177/0013124586018002005
https://doi.org/10.1037/0003-066X.41.10.1069
https://doi.org/10.1037/0003-066X.41.10.1069
https://doi.org/10.3102/003465430298563
https://doi.org/10.1207/S15326985EP3804_2
https://doi.org/10.1023/A:1011402608575
https://doi.org/10.1023/A:1011402608575
https://doi.org/10.31234/osf.io/qxntb
https://doi.org/10.31234/osf.io/qxntb
https://doi.org/10.3102/00346543074001059
https://doi.org/10.3102/00346543074001059


EURASIA J Math Sci Tech Ed, 2024, 20(12), em2538 

9 / 10 

disengaged students (pp. 1-11). Springer. 
https://doi.org/10.1016/B978-0-12-813413-9.0000 
1-2 

Ghasemi, F. (2022). A phenomenological analysis of 
teachers’ perceptions of ethical factors affecting the 
teacher-student relationships. Ethics and Behavior, 
32(6), 549-561. https://doi.org/10.1080/10508422. 
2021.1944153  

Griffin, G. A., & Barnes, S. (1986). Using research 
findings to change school and classroom practices: 
Results of an experimental study. American 
Educational Research Journal, 23(4), 572-586. 
https://doi.org/10.3102/00028312023004572  

Gunuc, S. (2014). The relationships between student 
engagement and their academic achievement. 
International Journal on New Trends in Education and 
Their Implications, 5(4), 216-231. 

Hamre, B. K., & Pianta, R. C. (2001). Early teacher-child 
relationships and the trajectory of children’s school 
outcomes through eighth grade. Child Development, 
72(2), 625-638. https://doi.org/10.1111/1467-8624. 
00301  

Hughes, J. N., Luo, W., Kwok, O. M., & Loyd, L. K. 
(2008). Teacher-student support, effortful 
engagement, and achievement: A 3-year 
longitudinal study. Journal of Educational 
Psychology, 100(1), Article 1. https://doi.org/10. 
1037/0022-0663.100.1.1  

Hughes, J. N., Wu, J. Y., Kwok, O. M., Villarreal, V., & 
Johnson, A. Y. (2012). Indirect effects of child 
reports of teacher-student relationship on 
achievement. Journal of Educational Psychology, 
104(2), 350-365. https://doi.org/10.1037/a0026339  

Ingram, J., Sammons, P., & Lindorff, A. (2018). Observing 
effective mathematics teaching: A review of the 
literature. Education Development Trust. 

Kemp, L., & Hall, A. H. (1992). Impact of effective 
teaching research on student achievement and teacher 
performance: Equity and access implications for quality 
education. https://eric.ed.gov/?id=ED348360 

Kyriakides, L. (2005). Drawing from teacher 
effectiveness research and research into teacher 
interpersonal behaviour to establish a teacher 
evaluation system: A study on the use of student 
ratings to evaluate teacher behaviour. The Journal of 
Classroom Interaction, 40(2), 44-66. 

Kyriakides, L., Creemers, B. P. M., Panayiotou, A., 
Vanlaar, G., Pfeifer, M., Cankar, G., & McMahon, L. 
(2014). Using student ratings to measure quality of 
teaching in six European countries. European 
Journal of Teacher Education, 37(2), 125-143. 
https://doi.org/10.1080/02619768.2014.882311  

Lei, H., Cui, Y., & Zhou, W. (2018). Relationships 
between student engagement and academic 
achievement: A meta-analysis. Social Behavior and 

Personality: An International Journal, 46(3), 517-528. 
https://doi.org/10.2224/sbp.7054  

Lei, H., Wang, X., Chiu, M. M., Du, M., & Xie, T. (2022). 
Teacher-student relationship and academic 
achievement in China: Evidence from a three-level 
meta-analysis. School Psychology International, 44(1), 
68-10. https://doi.org/10.1177/0143034322112245 
3  

Li, X., Bergin, C., & Olsen, A. A. (2022). Positive teacher-
student relationships may lead to better teaching. 
Learning and Instruction, 80, Article 101581. 
https://doi.org/10.1016/j.learninstruc.2022.10158
1  

Ma, L., Liu, J., & Li, B. (2022). The association between 
teacher-student relationship and academic 
achievement: The moderating effect of parental 
involvement. Psychology in the Schools, 59(2), 281-
296. https://doi.org/10.1002/pits.22608  

Midgley, C., Feldlaufer, H., & Eccles, J. S. (1989). 
Student/teacher relations and attitudes toward 
mathematics before and after the transition to 
junior high school. Child Development, 60(4), Article 
981. https://doi.org/10.2307/1131038  

Muijs, D, & Reynolds, D. (2010). Effective teaching: 
Research and practice. Paul Chapman. 

Muijs, Daniel, & Reynolds, D. (2001). Being or doing: The 
role of teacher behaviors and beliefs in school and 
teacher effectiveness in mathematics, a SEM 
analysis. In Proceedings of the Annual Meeting of the 
American Educational Research Association (pp. 10-
14). 

Muller, C., Katz, S. R., & Dance, L. J. (1999). Investing in 
teaching and learning. Urban Education, 34(3), 292-
337. https://doi.org/10.1177/0042085999343003  

NSW. (2017). Improving high school engagement, classroom 
practices and achievement. Center for Education 
Statistics and Evaluation. https://doi.org/APO-
236926  

Odden, A., Borman, G., & Fermanich, M. (2004). 
Assessing teacher, classroom, and school effects, 
including fiscal effects. Peabody Journal of Education, 
79(4), 4-32. https://doi.org/10.1207/s15327930pje 
7904_2  

Palardy, G. J., & Rumberger, R. W. (2008). Teacher 
effectiveness in first grade: The importance of 
background qualifications, attitudes, and 
instructional practices for student learning. 
Educational Evaluation and Policy Analysis, 30(2), 111-
140. https://doi.org/10.3102/0162373708317680  

Park, S., & Kim, E. (2019). Organizational culture, 
leaders’ vision of talent, and HR functions on career 
changers’ commitment: The moderating effect of 
training in South Korea. Asia Pacific Journal of 
Human Resources, 57(3), 345-368. http://10.0.4.87/ 
1744-7941.12192  

https://doi.org/10.1016/B978-0-12-813413-9.00001-2
https://doi.org/10.1016/B978-0-12-813413-9.00001-2
https://doi.org/10.1080/10508422.2021.1944153
https://doi.org/10.1080/10508422.2021.1944153
https://doi.org/10.3102/00028312023004572
https://doi.org/10.1111/1467-8624.00301
https://doi.org/10.1111/1467-8624.00301
https://doi.org/10.1037/0022-0663.100.1.1
https://doi.org/10.1037/0022-0663.100.1.1
https://doi.org/10.1037/a0026339
https://eric.ed.gov/?id=ED348360
https://doi.org/10.1080/02619768.2014.882311
https://doi.org/10.2224/sbp.7054
https://doi.org/10.1177/01430343221122453
https://doi.org/10.1177/01430343221122453
https://doi.org/10.1016/j.learninstruc.2022.101581
https://doi.org/10.1016/j.learninstruc.2022.101581
https://doi.org/10.1002/pits.22608
https://doi.org/10.2307/1131038
https://doi.org/10.1177/0042085999343003
https://doi.org/APO-236926
https://doi.org/APO-236926
https://doi.org/10.1207/s15327930pje7904_2
https://doi.org/10.1207/s15327930pje7904_2
https://doi.org/10.3102/0162373708317680
http://10.0.4.87/1744-7941.12192
http://10.0.4.87/1744-7941.12192


Chui & Chui / Effective teaching, teacher-student relation, student engagement and student mathematical achievement 

 

10 / 10 

Peart, N. A., & Campbell, F. A. (1999). At-risk students’ 
perceptions of teacher effectiveness. Journal for a 
Just and Caring Education, 5(3), 269-284. 

Pedler, M., Hudson, S., & Yeigh, T. (2020). The teachers’ 
role in student engagement: A review. Australian 
Journal of Teacher Education, 45(3), 48-62. 
https://doi.org/10.14221/ajte.2020v45n3.4  

Pianta, R. C., & Allen, J. P. (2008). Building capacity for 
positive youth development in secondary school 
classrooms: Changing teachers’ interactions with 
students. In M. Shinn, & H. Yoshikawa (Eds.), 
Toward positive youth development: Transforming 
schools and community programs (pp. 21-39). Oxford 
University Press. https://doi.org/10.1093/acprof: 
oso/9780195327892.003.0002  

Pianta, R. C., Hamre, B., & Stuhlman, M. (2003). 
Relationships between teachers and children. In W. 
M. Reynolds, & G. E. Miller (Eds.), Handbook of 
psychology: Educational psychology (vol. 7, pp. 199-
234). John Wiley & Sons, Inc. https://doi.org/10. 
1002/0471264385.wei0710 

Porter, A. C. (2002). Measuring the content of instruction: 
Uses in research and practice. Educational 
Researcher, 31(7), 3-14. https://doi.org/10.3102/ 
0013189X031007003  

Roorda, D. L., Jak, S., Zee, M., Oort, F. J., & Koomen, H. 
M. Y. (2017). Affective teacher-student 
relationships and students’ engagement and 
achievement: A meta-analytic update and test of 
the mediating role of engagement. School Psychology 
Review, 46(3), 239-261. https://doi.org/10.17105/ 
SPR-2017-0035.V46-3  

Roorda, D. L., Koomen, H. M. Y., Spilt, J. L., & Oort, F. J. 
(2011). The influence of affective teacher-student 
relationships on students’ school engagement and 
achievement. Review of Educational Research, 81(4), 
493-529. 
https://doi.org/10.3102/0034654311421793  

Ryder, R. J., Sekulski, J. L., & Silberg, A. (2003). Results 
of direct instruction reading program evaluation 
longitudinal results: First through third grade, 
2000-2003. University of Wisconsin-Milwaukee.  

Samuelsson, M., & Samuelsson, J. (2017). Proficient 
classroom management through focused 
mathematic teaching. Problems of Education in the 

21st Century, 75(6), 634-651. https://doi.org/10. 
33225/pec/17.75.634  

Schacter, J. (1999). The impact of education technology 
on student achievement: What the most current 
research has to say. Milken Family Foundation. 
https://www.mff.org/assets/Uploads/newsroo
m_archive/publications/ME161.pdf  

Seidel, T., & Shavelson, R. J. (2007). Teaching 
effectiveness research in the past decade: The role 
of theory and research design in disentangling 
meta-analysis results. Review of Educational 
Research, 77(4), 454-499. https://doi.org/10.3102/ 
0034654307310317  

Skinner, E. A., & Belmont, M. J. (1993). Motivation in the 
classroom: Reciprocal effects of teacher behavior 
and student engagement across the school year. 
Journal of Educational Psychology, 85(4), 571-581. 
https://doi.org/10.1037/0022-0663.85.4.571  

Sternberg, R. J. (2003). What is an “expert student?” 
Educational Researcher, 32(8), 5-9. https://doi.org/ 
10.3102/0013189X032008005  

Stronge, J. H., Ward, T. J., & Grant, L. W. (2011). What 
makes good teachers good?: A cross-case analysis 
of the connection between teacher effectiveness and 
student achievement. Journal of Teacher Education, 
62(4), 339-355. https://doi.org/10.1177/002248711 
1404241  

Wang, M.-T. Te, Fredricks, J. A., Ye, F., Hofkens, T. L., & 
Linn, J. S. (2016). The math and science engagement 
scales: Scale development, validation, and 
psychometric properties. Learning and Instruction, 
43, 16-26. https://doi.org/10.1016/j.learninstruc. 
2016.01.008  

Wenglinsky, H. (2000). How teaching matters: Bringing the 
classroom back into discussions of teacher quality. 
Policy Information Center. 

Westley, K. E. (2011). Teacher quality and student 
achievement. Teacher Quality and Student 
Achievement, 8, Article 1. https://doi.org/10.14507 
/epaa.v8n1.2000  

Xu, Z. Z., & Qi, C. (2019). The relationship between 
teacher-student relationship and academic 
achievement: The mediating role of self-efficacy. 
Eurasia Journal of Mathematics, Science and 
Technology Education, 15(10), em1758. 
https://doi.org/10.29333/ejmste/105610  

 

 

https://www.ejmste.com 

https://doi.org/10.14221/ajte.2020v45n3.4
https://doi.org/10.1093/acprof:oso/9780195327892.003.0002
https://doi.org/10.1093/acprof:oso/9780195327892.003.0002
https://doi.org/10.1002/0471264385.wei0710
https://doi.org/10.1002/0471264385.wei0710
https://doi.org/10.3102/0013189X031007003
https://doi.org/10.3102/0013189X031007003
https://doi.org/10.17105/SPR-2017-0035.V46-3
https://doi.org/10.17105/SPR-2017-0035.V46-3
https://doi.org/10.3102/0034654311421793
https://doi.org/10.33225/pec/17.75.634
https://doi.org/10.33225/pec/17.75.634
https://www.mff.org/assets/Uploads/newsroom_archive/publications/ME161.pdf
https://www.mff.org/assets/Uploads/newsroom_archive/publications/ME161.pdf
https://doi.org/10.3102/0034654307310317
https://doi.org/10.3102/0034654307310317
https://doi.org/10.1037/0022-0663.85.4.571
https://doi.org/10.3102/0013189X032008005
https://doi.org/10.3102/0013189X032008005
https://doi.org/10.1177/0022487111404241
https://doi.org/10.1177/0022487111404241
https://doi.org/10.1016/j.learninstruc.2016.01.008
https://doi.org/10.1016/j.learninstruc.2016.01.008
https://doi.org/10.14507/epaa.v8n1.2000
https://doi.org/10.14507/epaa.v8n1.2000
https://doi.org/10.29333/ejmste/105610
https://www.ejmste.com/

	INTRODUCTION
	LITERATURE REVIEW
	Teaching Effectiveness
	Teacher-Student Relationship
	Student Engagement
	Relationships Between TE, TSR, StEn, and Student Achievement
	Theoretical Framework

	METHODOLOGY
	Hypotheses
	Research Design
	Measures
	Teacher-student relationship
	Student engagement
	Student achievement


	RESULTS
	Demographic Data of the Sample
	Descriptive Statistics of Responses to Each Item of the Questionnaire and the Examination Score
	Confirmatory Factor Analysis
	Descriptive Statistics of and Correlations Among the Three Factors and Achievement Score
	Structural Equation Modelling
	Relationships among Variables

	DISCUSSION
	Effects of Teaching Effectiveness on Teacher-Student Relationship
	Effects of Teacher-Student Relationship on Student Engagement
	Effects of Teaching Effectiveness on Student Engagement
	Effects of Student Engagement on Students’ Examination Scores in Mathematics

	CONCLUSION
	Limitations

	REFERENCES

