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This study compares the effects of teacher-centered, student-centered, and teacher-student 
interactive teaching methods on students' mathematics academic achievement. For this 
purpose, calculus, compound interest, annuities, and depreciation topics were taught to first-
year college students in three different teaching method groups: traditional lecture (TL), 
group discussion (GD), and modified lecture (ML). In the TL group, the lecturer taught 
mathematical concepts through lectures following a teacher-centered method. In the GD 
group, students worked in small groups to solve mathematics problems with the lecturer's 
assistance, following a student-centered teaching method. In the ML group, the lecturer used 
a combination of lectures and questioning to teach mathematics concepts to students, 
following an interactive approach. The same lecturer taught all groups and implemented the 
same post-test at the end of the course. The present analysis uses one-way ANOVA based on 
this students' cohort (N = 250). The results show a significant difference between the 
performances of the three groups: the ML group performed better than the GD and TL groups, 
and low-ability students in the ML group had higher gain scores than students in the other 
two groups. These findings suggest that an interactive approach (a modified lecture) could 
help students improve their academic achievement in mathematics.  

Introduction 
Mathematics teaching is intended to promote the learning of mathematics and, 

consequently, its performance in examinations. Despite mathematics classroom teaching, 
there is evidence that undergraduate students struggle with passing mathematics courses 
(Mazana et al., 2019). Scholars show that many students fail to pass high school and college 
mathematics courses (Albeshree et al., 2020). According to Intepe et al. (2021), Mazana et 
al. (2020a), and Mazana et al. (2019), among other factors, students' quality of learning is 
affected by the teaching methods used by teachers. To determine how students best learn 
mathematics, it is important to analyze teachers' teaching methods to deliver mathematics 
instructions (Estébanez, 2017). 

Traditionally in Tanzania, like many other Sub-Saharan African countries, the main 
method of mathematics instruction delivery in higher education has been teacher- or content-
focused, which relies heavily on lectures and study notes to deliver content to student 
populations (Mazana et al., 2023). These lectures are believed to be ineffective in fostering 
student learning (Paoletti et al., 2018, p. 2). Recently, new student-centered instructional 
practices have emerged due to the influence of constructivist learning theory. This theory 
emphasizes students' activity, responsibility, and independence for learning, as opposed to 
passively receiving information from the lecturer (Baeten et al., 2013; Lahdenperä et al., 
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2019). Therefore, several recent scholars have called for increased use of student-centered 
teaching and learning (Lugosi & Uribe, 2020). 

Freudenthal (1991), for example, believes that students should be able to solve 
mathematics problems for themselves, while Schoenfeld (2016) supports mathematics 
programs that emphasize sense-making. Similarly, Lahdenperä et al. (2019) promote 
student-centered learning by suggesting that the student-centered course design can promote 
more favorable learning approaches, greater self-efficacy levels, and positive teaching-
learning experiences. In a college mathematics education context, Laursen et al. (2014) argue 
for an inquiry-based course design, as it eliminates a sizable gender gap that disfavors 
women students in lecture-based courses. The study by Ting et al. (2019) proposes that a 
problem-based, collaborative, game-based approach to large-class university mathematics 
teaching increases conceptual understanding and examination performance. Furthermore, 
Lesseig and Krouss (2017) report positive outcomes from flipped learning in collegiate 
mathematics.  

Much effort has been invested into developing educational settings in Tanzanian higher 
education that align with worldwide trends. One major emphasis is on using competence-
based pedagogical methods to equip students with the skills needed for national 
development. Various colleges have seen significant changes in recent years, with most 
traditional lecture-based teaching being replaced with a competency-based approach rooted 
in social constructivism, a combination of constructivist theory and socio-cultural theories. 
Even though learning theories focus on learning rather than teaching, researchers started to 
examine appropriate instructional methods to encourage students' active knowledge 
construction (Baeten et al., 2013). According to social constructivists, learning is a social 
process where students negotiate meaning and co-construct knowledge in a collaborative 
learning environment (Sharma, 2015). Considering a competence-based approach as a 
pedagogical framework, mathematics courses are presented using a student-centered 
approach.  

According to scholars Lahdenperä et al. (2019), there are several approaches to achieving 
student-centered learning. However, all approaches to mathematics instruction have the 
same goal: to move away from rote learning through traditional lectures (a teacher-centered 
approach) and toward holistic mathematical understanding. In general, student-centered 
teaching methods are thought to improve deep and comprehension-oriented student learning 
(ibid.). According to socio-constructivists, teacher-centered methods fail to ensure students' 
learning (Beaten, 2013). In an earlier study, Mazana et al. (2023) conducted qualitative 
research to investigate the teaching approaches used by mathematics lecturers in four higher 
education institutions in Tanzania. It was found that lecturers frequently mentioned the 
teacher-centered approach (traditional lecture), but their profile was a mixture of methods 
(interactive approach). However, the effectiveness of these lecturers' various approaches is 
unclear. Since lecturers in Tanzanian higher education use these approaches to teach 
mathematics, researchers must evaluate their effects on higher education students' 
mathematics achievement. As an example of such evaluation, this study addresses the 
following research question: "What are the effects of student-centered teaching methods, 
teacher-centered methods, and teacher-student interactive methods on students' mathematics 
performance?" A quasi-experiment was conducted to investigate the effect of three 
instructional methods (traditional lecture (teacher-centered method), guided small group 
discussion (student-centered method), as well as lecture and questioning/modified lecture 
(interactive method) on students' academic achievement in business mathematics topics. 
Specifically, the study answered the following questions:  
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1. What is the effect of teaching approaches (traditional lecture, guided small group 
discussion, lecture, and questioning) on students' academic achievement in 
mathematics? 

2. What is the effect of the teaching approaches on students' performance with different 
mathematical skill levels (high, medium, and low skills) based on the pre-test 
performance? 

 

Related Literature 

Teaching Approaches and Their Effect on Students’ Achievement in Mathematics 
Trigwell et al. (1994) suggested five teaching methods for undergraduate science 

teaching. These methods can be divided into three broad categories: teacher-centered, 
student-centered, and teacher-student interaction. 

A teacher-centered approach to teaching relates to the traditional conception of 
instruction, wherein knowledge acquisition is the primary objective of the learning process 
(Keiler, 2018). In this learning arrangement, the teacher is the center of learning, distributing 
knowledge regarding the subject matter to students who are considered receptors of that 
knowledge (Moate & Cox, 2015). This educational setting involves the instructor delivering 
information to students, who listen, write notes, and communicate with the instructor unless 
they are allowed to pose or respond to questions (Phungphol, 2005). Teachers who take a 
"teacher-centered" approach strongly emphasize conventional lecturing, independent 
student work, and summative examinations to impart knowledge and gauge student progress. 
Teachers may employ techniques such as lecturing, demonstrating, and showing and telling 
to convey information to students (Mazana et al., 2023). However, lecturing has been 
criticized because it causes students to adopt superficial learning strategies (Lahdenperä et 
al., 2019). Lectures are also thought to have failed to motivate students to learn because the 
vast majority of them do not develop an understanding of course content or the skills 
necessary to succeed in mathematics (Paoletti et al., 2018). According to Camac (2018), the 
teacher-centered approach is not intended to educate all students but only those who adapt 
to it. Students' interests and learning motivation can be affected by teachers who rely heavily 
on lecturing because they may become accustomed to being passive learners (Moate & Cox, 
2015). Results presented in a meta-analysis by Freeman et al. (2014) show that students who 
learn through traditional lectures are 1.5 times more likely to fail their mathematics exams 
when compared with those who learn through active learning strategies. Lew et al. (2016) 
investigated the effectiveness of the lecture in an advanced mathematics course through a 
case study. Students could not comprehend the concepts their lecturer was attempting to 
convey, demonstrating the ineffectiveness of the lecture method. However, when lecturers 
are supplemented with innovative teaching methods, it can help students become more 
engaged in their learning, allowing them to access and apply what they have learned in their 
daily lives better (Moate & Cox, 2015). 

Student-centered or "active" learning approaches relate to educational practices that 
move the focus from the teacher and instruction to the student and learning (Du Plessis, 
2020). The student-centered approach originates from constructivist learning theory. It 
represents a shift from traditional teacher-centered instructional practices (Moate & Cox, 
2015), whereby the focus of activity shifts from the teacher to the students, thus providing 
students with more responsibilities for their learning (Camac, 2018). This approach includes 
four essential features: active responsibility for learning, proactive management of the 
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learning experience, independent knowledge construction, and teachers as facilitators 
(McCabe & O'Connor, 2014). Consequently, the respective authoritative-passive roles of the 
teacher and student are altered by placing the learner as a dynamic collaborator in the 
teaching and learning process (Du Plessis, 2020). Teachers who use student-centered 
pedagogy view knowledge through social and relational processes and prioritize students' 
processes of constructing personal knowledge and understanding rather than rote mastery of 
course content (Moate & Cox, 2015). An earlier study by Mazana et al. (2023) found that 
instructors adopt a student-centered strategy to encourage student participation in class, 
tailor lessons to individual students, and foster stronger instructor-student bonds. Their 
research demonstrates that these lecturers actively include students in class through group 
work, guided discussions, student-as-instructor roles, and inspirational techniques. Research 
about student-centered approaches advocates for this method in order to increase active 
learning and promote interest, critical thinking, learning, and motivation among students 
(Stols et al., 2015; Kizito et al., 2016; Keiler, 2018; Borji et al., 2021; Lugosi & Uribe, 2020). 
For example, Kogan and Laursen (2014) examined the impact of inquiry-based learning 
(IBL) on college students’ grades and course selection. Their findings showed that the IBL 
had a sizable and persistent impact on previously low-achieving students' grades. 
Lahdenperä et al. (2019) compared students' learning approaches, self-efficacy, and learning 
experiences in a partially student-centered traditional lecture-based class versus 
apprenticeship, a novel student-centered teaching method. The more student-centered the 
teaching method, the more favorable learning approaches, higher self-efficacy, and a 
positive learning experience were found. The study of Heuett (2017) compared the effects 
of a flipped classroom (a student-centered approach) and traditional lectures (a teacher-
centered approach) on 82 undergraduate students in the USA. The study found that the 
students in the traditional lecture class had lower performance on exams and had lower 
abilities and understanding of the course material. Lugosi and Uribe (2020) have also 
reported that active learning strategies (student-centered) positively affect undergraduate 
mathematics students' average results and pass rate. 

The teacher-student interactive approach combines student-centered (active learning) 
and teacher-centered teaching strategies. According to Ganyaupfu (2013), the interactive 
approach inspires the students to search for relevant knowledge rather than the lecturer 
monopolizing the transmission of information to the learners. A recent study by Mazana et 
al. (2023) highlighted that teachers who use the interactive method employ a mix of 
strategies, including lecture and questioning, which they call “a modified lecture" or "a 
lecture and question-and-answer strategy", lecture and sharing, group work and sharing, or 
a combination of two or three strategies to teach the material and take students through a 
series of cognitive tactics to solve problems and clarify common mistakes. As such, research 
evidence on teaching approaches maintains that this teaching method improves students’ 
performance. A recent meta-analysis study shows that using mixed teaching strategies in 
scientific practice positively impacts achieving cognitive and epistemic teaching goals 
(Halawa et al., 2020). Ganyaupfu (2013), comparing the effectiveness of the teacher-
centered, student-centered, and interactive approaches to mathematics teaching of 
undergraduate students, found that the student-teacher interactive approach was the most 
effective for mathematics teaching in higher education. In contrast, the teacher-centered 
approach was the least effective. This implies that using active learning methods in 
university mathematics may assist in attracting and retaining students from various 
backgrounds (Kogan & Laursen, 2014). 
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Traditional Lecture and Students’ Academic Achievement 
The traditional lecture is typically a teacher-centered method grounded in behaviorism 

learning theory. This theory strongly emphasizes altering behavior due to learners' 
associations with stimulus-response (Lessani et al., 2017). The theory claims that 
experience-based behavior change is what constitutes learning. The teacher would spend 
most of the time lecturing in a traditional lecture class. This pedagogical strategy emphasizes 
the teacher's role as a knowledge transmitter (teaching by telling students what to do). 
According to various scholars (Freeman et al., 2014; Lahdenperä et al., 2019; Moate & Cox, 
2015; Paoletti et al., 2018), this method is ineffective in delivering mathematics instruction. 

Guided Group Discussion and Students’ Academic Achievement 
One of the cooperative learning strategies is group discussion (student-centered). 

Cooperative learning is an educational strategy in which students work in small groups to 
maximize their and each other's learning (Mazana et al., 2020b; Johnson et al., 2014). 
According to Lugosi and Uribe (2020, p. 5), this strategy helps students improve their basic 
mathematical and general academic skills, problem-solving, critical thinking skills, and 
confidence in math. Studies on the use of team-based learning, group work, and cooperative 
learning in education emphasize the importance of collaborative work and discussion, and 
team-based learning is viewed as an important contributor to the development of higher-
order thinking skills. For example, Johnson et al. (2014) compared cooperative learning, 
competitive learning, and individualistic instructional strategies in a meta-analysis study that 
found that cooperative learning improved individual achievement more than competitive or 
individualistic learning strategies. Another study by Nanes (2014) found that using team 
learning in mathematics classes can improve test scores and grades, mathematical skills, and 
the overall experience of studying and reading a math text.  

Similarly, guided discussion is an instructional strategy that encourages students to think 
critically, share their perspectives, and actively participate in class (Stols et al., 2008). 
However, during guided discussions, students’ group work is led with a structured protocol 
that usually includes a variety of stem sentences or questions that steer their arguments 
(Green, 2017; Fung & Lui, 2016). The current study used structured questions to guide 
students' group conversions. Previous researchers have emphasized the importance of guided 
discussion for promoting learning outcomes (Saka, 2011; Olukayode, 2012; Gokhale & 
Machina, 2018). However, as Stols et al. (2008) put it, students' math skills improve when 
the teacher leads the discussion. This strategy relies on students' prior understanding of the 
topic to be covered, either from reading or a brief lecture (CFI, 2023).  

In our current study, the initial knowledge of the topic discussed was activated through 
a short lecture. The instructor promotes student participation during guided discussions by 
posing questions to the whole class. In our study, the questions to guide the discussions were 
given as printed hand-outs to the small groups. In this way, students could learn different 
alternative approaches to solving a problem, e.g., through the different solutions put forward 
by each small group. Lecturers then confirm the students' understanding and find mistakes 
or misconceptions, if any. Lecturers also get to know the skills and weaknesses of each 
student, which helps them choose better strategies to teach to enhance students’ learning.  

 
Modified Lecture and Students’ Academic Achievement 

A modified lecture is a teaching strategy that expertly interweaves lecture and 
questioning during teaching. Through this strategy, the lecturer uses direct question and 
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answer to lead students to understand new mathematical concepts, to clarify or refine 
existing concepts, or to facilitate their solving of mathematical problems interactively. 
Questioning occurs when a problem is presented to students in anticipation of their answers 
(Dahal et al., 2019). Questioning is one of the strategies that mathematics lecturers can 
employ to encourage students' thinking, learning, and participation in class. Socrates, for 
example, helped his student understand the concept of justice by asking him a series of 
tactical questions that prompted him to reflect and think critically about the subject, allowing 
him to grasp the concept (Buchanan Hill, 2016). Teachers’ questioning facilitates the 
conceptual development of students, reinforces the acquisition of new knowledge, enhances 
critical thinking capacity, and scaffolds students’ efforts to construct and apply disciplinary 
knowledge (Hu & Duan, 2019). Teachers have often used questioning to increase student 
participation, focus on a specific concept, assess students' prior and current knowledge, and 
determine whether or not the assigned tasks were completed (Callahan & Clark, 2014). 
Teachers’ questioning plays a similarly vital role in students’ content learning by activating 
their background knowledge and facilitating conceptual development. According to 
Stanberry (2018), strategic engagement for increased learning begins with an interactive 
lecture (such as a lecture and questioning strategy in our study). Students are allowed to 
participate in the learning process in this arrangement by being asked to recommend the next 
step in the solution (Lugosi & Uribe, 2020). These researchers also believe that lecturers 
should use an interactive lecture style to communicate with students, as this strategy reduces 
students' math anxiety (Lugosi & Uribe, 2020).  

Academic Achievement 
Academic achievement in the context of this study is a term used to describe how 

students are evaluated during the learning process through tests and exams. According to 
Lin et al. (2016), achievement tests are typically used to measure academic achievement. 
This study measures academic achievement by the students’ average scores in the pre-test 
and post-test. Pre-test scores relate to average scores from the test taken before the 
experiment and are used as a control for the post-test score. The post-test score is the average 
score from the test taken after the experiment. 

Methodology 

Research Design 
A quasi-experimental research design was used to compare the effectiveness of the 

teacher-centered (traditional lecture, TL), student-centered (guided group discussion, GD), 
and interactive (lecture and questioning/modified lecture, ML) approaches for the teaching 
of business mathematics to undergraduate students in business courses. According to Ross 
and Morrison (2013), in educational studies, assigning subjects randomly to treatments is 
sometimes not viable, especially when classes are formed at the start of the year, as is in our 
case. These researchers suggest that in such circumstances, the researcher should use pre-
testing to establish group equivalence, which was conducted in the current study. 

The quasi-experiment was conducted in one of the author’s classrooms at a higher 
education institution in Dar es Salaam, Tanzania. The study compared three business 
mathematics classrooms, where the control group employed a traditional teacher-centered 
lecture strategy with individual classroom activities.  
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The GD condition used a student-centered approach involving a demonstration of the 
topic and small group guided discussions. In this approach, the lecturer defined concepts and 
showed how problems are solved through examples, followed by a small group discussion 
(3–5 students per group) with the lecturer's guidance. Under the GD condition, printed sheets 
with the tasks for group discussion were given to the students. In this group, the class time 
was spent on a twenty-minute lecture for teacher demonstrations and briefing on important 
concepts related to the topic. The remaining time was used for guided discussions. In 
addition to topic-specific questions, students were taught to use guiding questions that led 
their discussion. At the same time, the lecturer went around to oversee the proceedings, in 
which the lecturer listened to a portion of each group's conversions to get a sense of important 
problem-solving processes. The guiding questions stemmed from Mevarech and Kramarski 
(1997). They prompted students to reflect on their learning and explain the problem, its 
relationship to prior knowledge, and possibilities for solving it. The questions included (1) 
questions testing students' understanding of the problem at hand, (2) questions about how 
the given problem was related, or connected to, other problems, and (3) questions about how 
the problem should be solved strategically. By answering these questions, the students were 
working towards the problem solution. After answering the questions, each small group was 
given five minutes to explain their answers to the class; other groups would chip in if they 
disagreed with the approach or with the answer provided. In response, students from the 
presenting group voiced and defended their thoughts on the problem. The lecturer 
encouraged the groups to discuss different perspectives and strategies for solving the 
problem. 

Under the ML condition, the experimental group implemented a revised version of the 
lecture format that featured both lecturing and questioning. Following a quick introduction 
of main concepts and demonstrations, the instructor uses the whiteboard to answer 
mathematical problems in a modified version of a regular lecture format. Following this, the 
instructor gives the students a new problem to tackle, and they will be encouraged to guide 
the lecturer through the solution (Mazana et al., 2023). In the current investigation, the 
implementation lasted for one hundred and twenty minutes divided into two parts: the first 
twenty minutes consisted of a brief lecture that presented the key ideas of the topic and 
provided one example per concept of how to solve the problems related to that concept. The 
remainder of the class was spent with the instructor presenting a series of new problems to 
the students, one for each new idea discussed in the brief lecture, and having the students 
read through them. Occasionally, one of the students volunteered to read the problems out 
loud so that the others could comprehend them. After that, the lecturer requested that they 
describe the formula for solving the problem, also known as the givens, and then take the 
lecturer through the following steps until they solved the problem. At the end of the 
presentation, the lecturer asked the audience about other strategies to solve the problem. 
Through this teaching method, the students are actively engaged in the learning process for 
a large portion of the time as the lecture is transformed into a format that demands interaction 
with the lecturer. 

A normal or traditional lecture style was used for the control group under the TL 
condition. This implementation consisted of the instructor giving a lengthy presentation on 
a subject, with minimal to no interaction with the students through questioning, during which 
the students take notes and engage in independent problem-solving at each lesson's 
conclusion. Under this condition, students were only given thirty minutes out of one hundred 
and twenty to dedicate to independent problem-solving exercises. 
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All three classrooms employed lectures, but they varied in length and how they 
encouraged student participation and problem-solving. Students in the GD condition run 
discussions in smaller breakout sessions and as a part of the whole class. In the ML condition, 
the lecturer and students drove the discussions, while the lecturer controlled the discussion 
under the TL condition. There was no teacher-student interaction in the TL condition, while 
in the ML condition, students interacted with the lecturer during the class. 

Participants and ethics 
The participants of our quasi-experiment were 250 first-year bachelor's degree students 

with different mathematical background knowledge, pursuing a major in marketing and 
business administration courses, intake 2021/2022, with 87 students in the control group 
(TL), 76 in the experimental group (GD), and 87 students in the experimental group (ML). 
Students must enroll in the business mathematics course as a requirement for business-
related bachelor's degree programs in Tanzania. At the college where the experiments were 
conducted, the MTU07102 course (business mathematics for first-year students) is 
compulsory for all students majoring in accounting, procurement and supply management, 
and marketing, and more than 1000 students enroll every year. In order to safeguard their 
identities, the students' names were treated with confidentiality, and their consent to 
participate in the study was obtained and respected. 

Course content and associated challenges 
Business Mathematics is a 15-credit bachelor's degree course offered to undergraduate 

students of business majors by the Department of ICT and Mathematics. Each week of the 
course had two two-hour lectures and no tutorial sessions scheduled in the timetable under 
the curriculum model (semester one, 2021–2022). Still, a lecturer was allowed to spare a few 
minutes for tutorial activities during one of the lecture sessions in a week. In semester one, 
there were 26 lectures in total. Students in the experimental groups participated in a one-
hour-long tutorial in which they solved mathematics problems in small groups or a question-
and-answer session. This course comprises a review of basic mathematics (indices, 
logarithms, sequences and series, simultaneous equations, quadratic equations), calculus, 
matrices, and the mathematics of finance (compound interest, present values, annuities, and 
depreciation). However, in this experiment, we covered the topics described in Table 1. 
Table 1 
 Description of course content   

Course Units Brief description 
Sequences and 
series 

In this unit, students learn types of sequences, the common 
difference of an arithmetic sequence, the ratio of a geometric 
sequence, the nth term, the sum of a finite and infinite series, and 
the arithmetic and geometric means. 

Calculus In this unit, students learn the rules and techniques of 
differentiation and integration and how to compute economic 
functions such as cost, revenue, and profit/loss in this unit. 

Compound interest This unit introduces the concept of interest, the differences 
between simple and compound interest, and the interest rate, 
time, and compound amount calculation. 
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Course Units Brief description 
Present value  Students learn how to calculate present value and its application 

to future cash flows. This introduces them to the calculations of 
discounted cash flows for investments and methods of 
investment appraisals such as net present values and internal rate 
of return. 

Annuities This unit introduces students to techniques associated with fixed 
payments over time. They learn the types, and calculations of the 
future value, present value, and net present value of annuities. 

Amortisation and 
Sinking fund 

Through this unit, students learn methods of debt repayment and 
setting up funds to meet future obligations, and their application 
for mortgage repayment, bank loans, etc. 

Depreciation This unit introduces the meaning and methods of depreciation. 
Students learn to calculate the rate of depreciation and prepare 
the depreciation schedule.  

Students enrolled in this course come from different backgrounds, including the natural 
sciences, business-related courses, arts, and social studies, at the secondary school level and 
diploma level, which means they have quite different skills with mathematics, and those with 
diplomas in business specialties are at a considerable advantage. This course expands on 
what is taught in secondary schools and at any diploma level, including various mathematical 
models and applications in real-world business problems. The learning demand is 
challenging for students from high school or other non-business-related backgrounds, and 
they need to catch up quickly. Also, most students have difficulties understanding English, 
the language of instruction in higher education in Tanzania. To make matters worse, the 
course has traditionally been taught through lectures due to a lack of preplanned tutorials, 
resulting in insufficient exercises. As a result, in recent years, lecturers have begun to use 
group discussions, question-and-answer strategies, and other interactive techniques to 
encourage students' active participation in the learning process. The effectiveness of these 
strategies, on the other hand, has not been tested or reported. This study evaluates and 
compares the effectiveness of lecturers' strategies for teaching mathematics.  

Data collection and procedure 
Data were collected using a pre-test and a post-test. For the pre-test, basic mathematics 

topics (e.g., indices, logarithms, sequences and series, simultaneous and quadratic equations) 
were taught to all students in the control group (TL) and experimental groups (GD and ML) 
using the traditional teaching method until the fourth week, which heavily employed 
lecturing. After the fourth week's lecture, all the students in the three groups took the same 
60-minute pre-test to establish their baseline knowledge before treatment was applied. The 
mean scores of all groups were compared, and a significant value was checked to establish 
that all groups were identical. 

For the post-test, the control group continued using the same traditional teaching method. 
In contrast, the two experimental groups were taught using student-centered (guided small 
group discussion) and interactive learning methods (modified lecture), respectively, until the 
thirteenth week (end of the semester). Hence, the control and experimental groups 
participated in nine-week teaching sessions that employed different teaching strategies. The 
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same lecturer taught all three classes. During the quasi-experiment implementation, 
researchers were aware of the possible unconscious bias, carried out even without intending 
to do so. Therefore, the lecturer selected for the study was experienced, with over ten years 
of teaching the same course, and well-acquainted with different teaching methods. This 
lecturer had attended several in-house trainings and those offered by the National 
Accreditation Council for Technical and Vocational Training (NACTVET) about teaching 
methods, developing teaching materials, and undertaking learning assessments. Before 
implementing the experiments, the lecturer received a refresher course. While implementing 
the experiments, this lecturer regularly discussed the implemented strategies with colleagues 
for each topic that needed to be taught. They also discussed the assessments (i.e., the 
tests/quizzes) and collaboratively prepared the teaching and materials.  

At the end of the course, all students took the same post-test (60 minutes). The means of 
the three groups were again compared, and a significant value was checked. The questions 
included in the post-test covered the topics discussed in the interventions. i.e., matrices, 
calculus, and the mathematics of finance, including annuities and depreciation. The pre- and 
post-tests were created by the mathematics lecturer who taught the classes. The test coverage 
and difficulty level were also moderated by one of the authors, who teaches at the same 
college. The pre-and post-tests included the assessment of the learning outcomes as 
established by the NACTVET. 

The pre-test and post-test were composed of five open-ended questions worth 15 points 
each. Example questions for the pre-test include:  

1. Miss Violet started working as a marketing officer for a large manufacturing firm in 
2001. Her starting salary was Tshs. 22,000, and her contract promised that she would 
receive a pay rise of 5% yearly thereafter. Miss Violet plans to retire in 2030. Find 
the nearest Tshs. Her salary in year 30 and the total earnings from employment for 
2001 to 2030, inclusive.  

2. The College of Business Education football team buys jerseys to wear to football 
games." The cost of the jerseys can be calculated using the equation C(x) = 0.1x2 + 
2.4x + 25, where C(x) is the price of x jerseys. How many jerseys can they purchase 
for Sh50,000? 

 
 Example questions for the post-test included:  
1. A loan of 2,000,000 shillings bearing interest at 25% per annum will be amortized 

by five equal annual installments at the end of each year. Find the size of each annual 
installment and prepare the amortization schedule. Another question was: 

2. If the product sells for Tshs 240 per bottle of water, the Dar es Salaam drinking water 
company has a fixed monthly cost of Tshs 150,000 and a production cost of Tshs 180 
for each bottle of water produced." "Determine the company’s profit function and 
compute the profit (loss) corresponding to production levels of 22,000 bottles of 
water and 28,000 bottles of water. 

Data Analysis 
Descriptive statistics (mean and standard deviation) and one-way ANOVA with a 

teaching approach as an independent variable accounted for observed differences between 
pre-test and post-test results. The analysis was done using SPSS version 25. A nonsignificant 
Levene’s test (F (2,247) = 0.195, p = 0.823) indicated that the homogeneity of variance 
assumption was met. Although the differences in the pre-test average scores were very small, 
we tested whether they were statistically significant using the one-way ANOVA test. 
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The pre-test's SPSS output comprises the criterion's value and a p-value greater than 
0.05, signifying that the observed differences are insignificant. This means that the three 
groups of students are equivalent. Thus, we could be sure that any observed changes in 
students’ scores after the experiment were related to the teaching strategies used and not a 
cause of any random differences in the groups. Table 2 below shows the average pre-test 
scores of the students after the pre-test was distributed into different groups and the one-way 
ANOVA test results. 

Table 2  
Average scores obtained by students in the pre-test and the ANOVA test 

Results  

The Effect of Teaching Approaches on Students’ Academic Achievement in 
Mathematics 

First, we calculated average gain scores for each classroom to find changes in 
performance within groups between pre-test and post-test results [post-test scores minus pre-
test scores]. The average gain scores presented in Table 3 indicate that the scores of students 
in the ML and GD classes increased by 3.15 and 0.20 (average gain scores), respectively. In 
contrast, those who attended the TL class decreased by 0.82, meaning that students in this 
group tended to score 0.82 points below average. 

Next, we analyzed whether there were any differences in student achievement as a 
function of the teaching approaches. A one-way analysis of variance (ANOVA) test was 
used to examine whether the students who attended classes using the three teaching strategies 
(TL, GD, and ML) differed in their post-test achievement. The independent variable 
represented the different teaching approaches, with three groups being represented: the 
control group (TL), the experimental group (GD), and the marginal group (ML). The 
dependent variable was the score that students obtained on a post-test exam. See Table 3 
below for the means and standard deviations for each of the three groups and the gain scores. 

Table 3:   
Average scores obtained by students in the post-test and their average gain scores 

Source  Post-test Gain score One Way ANOVA 
Teaching method N M SD M SD df F p 𝝎𝟐 
TL 87 4.9 3.8 -0.82 3.51 2 44.42 0.000 0.26 
GD 76 6.4 3.6 0.20 2.96     
ML 87 9.4 2.7 3.15 3.28     
Total 250 6.9 3.9 0.87 3.68     

 

Group Pre-test One way ANOVA 
 M SD F df p 

GD – Guided small group discussions (N=76) 6.23 3.04 0.723 2 0.486 
ML – Modified lecture (N = 87) 6.26 3.41    
TR – Traditional lecture (N= 87) 5.73 3.22    
Total 6.07 3.23    
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The tests for normality, examining standardized skewness and the Shapiro-Wilks test, 
indicated that the data were statistically normal. However, Levene's F test revealed that the 
homogeneity of variance assumption was not met (p = 0.01). As such, Welch's F test was 
used. An alpha level of 0.05 was used for all subsequent analyses. The one-way ANOVA of 
students' post-test scores showed a statistically significant effect, Welch's F (2, 157.4) = 
44.42, p < 0.05, indicating that the post-test scores of students in different groups were 
significantly different. The estimated omega squared (ω2 = 0.26) indicated that 
approximately 26% of the total variation in average scores on students’ post-test scores is 
attributable to differences between the teaching strategies used. 

Post hoc comparisons, using the Dunnett T3 procedure, were conducted to determine 
which pairs of the three teaching approaches significantly differed. These results are given 
in Table 4 and indicate that the ML group (M = 9.4, SD = 2.7) had significantly higher post-
test scores than those in group GD (M = 6.4, SD = 3.6), as well as the TL students’ group 
(M = 4.9, SD = 3.8). Additionally, students in the GD group had significantly higher post-
test scores than students in the TL group. 

The results confirmed that the post-test scores of the three groups of students (guided 
small group discussion, modified lecture, and traditional lecture) were significantly different. 
This generally suggests that the modified lecture strategy (teacher-student interactive 
approach) was more effective than the guided small group discussion (student-centered) and 
traditional lecture (teacher-centered) approaches. 

The Effect of the Teaching Approaches on the Average Gain Scores of Students with 
Different Pre-test Mathematics Achievement Levels (high, medium, and low) 

We wanted to know whether the teaching approaches (TL, GD, and ML) had affected 
the students with different levels of achievement differently. Based on the pre-test scores for 
the achievement tests, students were categorized into three groups: higher achievers (58 
students), medium achievers (68 students), and lower achievers (124 students). Analysis of 
the descriptive statistics displayed in Table 4 shows that the average scores of lower 
achievers in the ML class had increased by 7.18, the largest average gain score compared to 
other groups in any of the three classes. At the same time, the average gain scores of high 
achievers in the traditional class were the lowest compared to high achievers' gain scores in 
other groups. 

We were also interested in seeing whether the differences in the average gain scores 
among students in the ML class were significant. We conducted a one-way ANOVA to 
examine whether the average gain scores of students who attended this class differed 
significantly. We used the average gain scores of the achievement tests [post-test score 
minus pre-test score] as the dependent variable and prior math achievement (low, medium, 
and high) as the independent variable (Table 4). As students of various pre-test achievements 
demonstrated significant differences in their average gain scores, Welch's (F (2, 35.70) = 
22.22, p < 0.05, ω2 = 0.42), these results show that the interactive approach (ML) had a 
significant effect on students of various prior achievement. The post-hock comparison of 
student groups using the Dunnett T3 procedure indicates that lower achievers had higher 
average gain scores (M = 7.18, SD = 3.6, p < 0.05) than medium and higher achievers. 

Table 4.  
Pre-test, Post-test, and gain average score differences of students with different prior 

Source Grou
p 

Low Medium High One Way ANOVA 
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  M SD M SD M SD df F p 𝜔" 
Pre-test TL 1.57 1.2 5.07 0.8 8.81 2.0     
 GD 2.33 0.8 4.53 0.5 8.46 1.9     
 ML 1.18 1.1 5.07 0.8 8.98 2.0     
Post-test TL 4.37 2.6 4.37 2.9 6.81 1.5     
 GD 3.72 2.9 5.47 2.7 7.91 3.4     
 ML 8.36 3.5 8.54 2.1 10.34 2.4     
Gain TL 0.96 2.6 -0.7 2.9 -2.00 2.5     
 GD 1.39 2.7 0.93 2.9 -0.56 3.0     
 ML 7.18 3.6 3.46 2.1 1.41 2.1 2 22.2 0.00 0.42 

 

Discussion  
This study was designed to compare the effects of three different teaching approaches 

on students’ academic achievement in mathematics. It resulted in several findings of 
practical significance, which will be discussed in relation to earlier research in related areas. 

Teaching Approaches and Academic Achievement  
Researchers argue that different teaching methods have distinct effects on students’ 

academic achievement in mathematics (Ganyaupfu, 2013; Freeman et al., 2014; Lahdenperä 
et al., 2019; Lugosi & Uribe, 2020). The current study supports this view as we observed 
that the different teaching approaches affect students' academic achievement. The interactive 
approach (ML) is significantly better for improving students' academic achievement than the 
student-centered approach (GD), which, in turn, is better than the teacher-centered approach 
(TL) (see Table 3). One possible explanation is that students who used the interactive 
methods had the opportunity to actively participate in the learning process by being asked to 
suggest the next step in the solution (Lugosi & Uribe, 2020). This active participation could 
allow the students to engage in high-level critical thinking and reflection on the subject 
matter, which helped them grasp the concepts. In the teacher-centered (TL) approach, 
students are passive learners and interact with the lecturer when allowed to do so, while 
students using the interactive (ML) and student-centered (GD) approaches interact with both 
the lecturer and peers. It seems that the development of mathematical skills depends on 
active participation and discussion of ideas and strategies for solving a specific mathematical 
task with the instructor and peers. These findings extend the novelty of the interactive 
approach's effectiveness on students' mathematics learning, as reported in previous studies 
(e.g., Ganyaupfu, 2013). Furthermore, we provide explicit methods describing student-
centered and interactive methods. At the same time, other studies are rather general about 
which teaching methods were used to describe the interactive or student-centered approaches 
and how this improved their academic performance (e.g., Ganyaupfu, 2013). Furthermore, 
our study is also different in focus from previously reported works regarding the 
implementation of guided discussions as it involved small group discussions led by printed 
questions provided by the lecturer rather than the lecturer asking questions to students to 
guide them in finding the answer to the given questions. Thus, this strategy provided more 
avenues for the lecturer to implement a student-centred approach.  



14 

The effect of teaching approaches on the achievement of students with different 
prior mathematical skills 

According to Kogan and Laursen (2014), active learning environment teaching methods 
are beneficial for lower achievers academically. In their research, lower achievers' grades in 
inquiry-based learning (IBL, a student-centered approach) class were raised by 0.3 to 0.5 
grade points compared to their prior performance. The findings in the current research reveal 
better performance by all groups using the interactive approach. Using this approach (lecture 
and questioning), we further demonstrate that lower achievers in our study also experienced 
positive and significant increases in average gain scores compared to medium and high 
achievers.  The results demonstrate a much higher rise in lower achiever grades of about 
7.18 grade points compared to those reported by Kogan and Laursen (2014) and Ganyaupfu 
(2013), implying that combining lecture and questioning in the form of a modified lecture, 
as applied in this research, is likely to improve lower achiever learning outcomes. 

Conversely, we observe decreased performance in the high achievers group under the 
traditional lecture condition. One explanation is that the lecturer's probing of students' 
cognitive process toward solving a given problem may strengthen their ability to engage in 
critical thought, reinforce their learning of new material, and deepen their conceptual 
understanding (Hu & Duan, 2019). According to Lugosi and Uribe (2020), using an 
interactive lecture style to communicate with students can help them feel less anxious about 
math, which might have facilitated lower achievers' good performance. Additionally, public 
sharing with the lecturer and students with high abilities may serve as mastery experiences 
that boost the lower achievers' self-efficacy and relate effort to mathematical achievement 
instead of innate ability (Kogan & Laursen, 2014). According to Ganyaupfu (2013), learning 
entails researching, formulating, reasoning, and applying appropriate problem-solving 
strategies; our study shows that this is more effective when students actively participate. 
Thus, these results support the notion that lecturers should place more value on each student's 
efforts to build their knowledge and understanding than on the rote memorization of math 
material. 

Implications for future research and practice 
Future research should address many of the interesting issues raised by this work. The 

distinct advantages of ML (interactive approach) experiences for underachievers highlight 
their potential to aid in overcoming higher failure rates in other courses, such as statistical 
analysis and computing mathematics, which we could not examine in this study. Particularly 
fascinating will be the comparison of the long-term effects these active learning strategies 
have on students' learning achievement in business mathematics. Investigating the impact of 
other active learning strategies such as group work and sharing and the use of ICT tools 
could provide further insights into the effective approaches to business mathematics 
teaching. This study used the quantitative approach to demonstrate the effect of student-
centered and interactive approaches on student academic achievement. Mixed-methods 
designs can both prove the effects and explain why they occurred. 

The findings also affect how HEIs should respond when lecturers have trouble adjusting 
to active learning instructional strategies and encourage lecturers to select non-biased 
teaching methods in fields like mathematics, where they have knowledge control. Support 
should be provided for teachers to increase their understanding of various teaching methods, 
such as interactive or student-centered approaches, that might improve their students' 
academic achievement. In-house training should, therefore, be regularly provided to ensure 
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that lecturers can adopt and practice various methods to keep students interested and 
motivated during the learning process. 

 

Conclusion 
While lecturers who use student-centered methods in the classroom are frequently asked 

for evidence to support the approach's educational benefits, lecturers who use traditional 
lecture methods are infrequently subjected to the same level of criticism (Kogan & Laursen, 
2014). The current study shows that while low achievers can benefit more from interactive 
(active) learning methods, medium and high achievers are less affected. These results 
provide evidence of the benefit of different teaching strategies and their respective impact 
on students' academic performance, considering their prior academic achievement. This 
research outcome also calls for educational officials' support regarding capacity building for 
lecturers toward the successful implementation of suitable teaching strategies in Tanzanian 
HEIs. 
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