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Abstract 
This paper describes the method of instruction used in teaching and learning of mechanics and the gain in students’ 
understanding of the basic concepts of Mechanics. The research was conducted on the first year students who were 
registered for the course Mechanics. The Pretest–Posttest control group design was used in this research. The control 
group was taught by teacher lecture and tutorial classes where the instructor solves quantitative problems and students 
copy the solutions. The two test groups, Test group T1 and Test group T2 were exposed to question - answer approach 
with group discussion and feedback in the form of interactive lecture. The Test group T2 had additional treatment: self 
reflection where students reflected their learning every week by writing structured reflective journals. To assess the 
effectiveness of the mode of instruction used, and the quality of student’s engagement in learning mechanics, I used the 
Mechanics Baseline Test (MBT) as instruments of data collection. The result of the research indicated that students 
exposed to the question – answer approach with group discussion as a teaching intervention performed better than 
students taught by teacher lecture on MBT. The Cohen effect size also showed that students who reflected on their own 
learning and knowledge by organizing their ideas had better understanding of the basic concepts of Newton’s laws of 
motion.  
 
Keywords: Instructional interventions, Learning gains, self-reflection. 
 

Resumen 
Este artículo describe el método de instrucción usado en la enseñanza y aprendizaje de la mecánica y el incremento de 
comprensión en los estudiantes de los conceptos básicos de la Mecánica. La investigación se llevó a cabo en los 
estudiantes de primer año quienes fueron registrados para los concursos de Mecánica. El grupo de control diseñado 
Pretest-Posttest fue utilizado en esta investigación. El grupo de control fue impartido por profesores lectura y clases de 
tutorías donde el instructor resuelve problemas cuantitativos y los estudiantes copian las soluciones. Los dos grupos de 
prueba, Prueba de grupo T1 y prueba de grupo T2 donde se expuso a la pregunta – respuesta con el método de discusión 
en grupo y retroalimentación en la forma de lectura interactiva. La Prueba de grupo T2 tuvo el tratamiento adicional: 
Auto reflexión, donde los estudiantes reflejaron su aprendizaje cada semana escribiendo sus reflexiones estructurales 
darias. Para evaluar la eficacia del método de instrucción utilizado, y la calidad de participación de los estudiantes en el 
aprendizaje de la mecánica, he utilizado la Prueba de Base Mecánica (MBT) como instrumento de recolección de datos. 
El resultado de la investigación indicó que los estudiantes expuestos a la pregunta – respuesta con el método de 
discusión en grupo como una intervención de enseñanza se realizó mejor que los estudiantes enseñados por profesores 
de lectura en MBT. El tamaño del efecto Cohen también mostró que los estudiantes quienes reflejaron en su propio 
aprendizaje y el conocimiento mediente la organización de sus ideas tuvieron mejor comprensión de los conceptos 
básicos de las leyes de Newton de movimiento. 
 
Palabras clave: Intervenciones de enseñanza, Beneficios del aprendizaje, auto-reflexión. 
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I. INTRODUCTION  
 
It has long been recognized that the lecture environment 
often fosters passive learning. For instance, teaching by 
telling is an ineffective mode of instruction for most 
students [1], traditional lecture style does not encourage 
students to actively think or to effectively construct 
knowledge [2], a good lecturer may present physics in an 
interesting way, but students do not always know how to 

learn it appropriately [3]. Cahyadi [4] reports various 
reasons why the traditional teaching approach fails to 
promote knowledge construction: the amount of 
information presented in a lecture is too much for students’ 
working memory to cope with, students are not given 
enough time to have social interactions which facilitate 
their learning, misconceptions are often ignored, and this 
influences the process of understanding new information. 
The study by Schwartz et al [5] suggest that breadth-based 
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learning (aiming for breadth in content coverage) in high 
school classrooms does not offer students any advantage 
when they enroll in introductory college science courses.  

In a traditional lecture teachers generally behave in a 
didactic manner, disseminating information to students 
where curricular activities rely heavily on textbooks and 
work books of data and manipulative materials. However, 
teachers should generally behave in an interactive manner 
and they should seek the students’ point of view. In 
Ethiopian the common characteristic of physics teachers in 
teaching undergraduate physics, is transmitting the logical 
structures of their knowledge through lecture as per the 
structure of the textbooks and curriculum material given to 
them and directing students in practical classes towards 
discovering the predetermined universal truths expressed in 
the form of law, principles, rules and algorithms. The 
teaching of physics is dominated by lectures resulting 
passivity in students compromising acquisition of process 
and inquiry skills [6]. However, the use of lecture time to 
present derivations and solution to mathematical physics 
problems has been observed to be ineffective in promoting 
students learning of physics [7]. The average normalized 
gain in students Mechanics Baseline Test after instruction 
by lecture was 0.10 (Ibid). This low average normalized 
gain suggests that the traditional lecture is hardly promising 
in enhancing conceptual understanding in mechanics. 
Research findings strongly support this idea. For example, 
Arons [8] and Hestenes [9] recognized that conventional 
homework problems, test questions and most end-of-
chapter exercises in textbooks put emphasis on calculation 
and numerical results without probing into conceptual 
understanding. Kim and Pak [10] also reported that solving 
a great number of textbook problems proved to be no aid in 
performing well on the mechanics concept test.  

All the above discussions show that physics instruction 
by teacher lecture tends to be ineffective in helping students 
develop a real understanding of physics. In my university’s 
context which may also likely in all Ethiopian Universities, 
we typically use lecture time to present derivations, to show 
examples on how to solve quantitative problems and for 
presenting the solution to quantitative physics problems. 
However, these are observed to be ineffective in promoting 
students learning of physics. The evidence to my argument 
is the fact that most of our undergraduate students fail to 
solve similar problems that appear in exams and hence 
subjected to delay and retake the course or dismissal from 
the program. More than this, our emphasis on quantitative 
presentation leads our students to rote learning of formulae 
at the expense of students’ conceptual understanding. 
Scholars, for instance,[11a, 11b, 12, 13], have carefully 
documented college physics students' understanding of a 
variety of topics, and have concluded that traditionally 
taught courses do little to improve students' understanding 
of the central concepts of physics, even if they learn 
problem-solving algorithms. 

Lectures become more useful when students are forced 
to become active participants in the lecture [14]. Research 
reports indicate that learning in groups creates an 

environment of active involvement and exploratory 
learning [15]; results in cognitive conflicts, exposes 
inadequate reasoning, creates disequilibrium and higher 
quality understanding will emerge [16]; increase the 
development of social learning, and the growth of inter-
personal skills, including reasoning, problem solving, and 
leadership [17]; exposes students to diverse learning styles 
promoting a better appreciation of complex concepts and 
social dynamics [18]; results in higher cognitive 
achievement, more positive attitude, greater self-esteem, 
more engagement on tasks, increased motivation and 
enjoyment [19], positively related with student achievement 
[20, 21], and higher level of thinking [22]. An effective 
learning in science is interactive, involving the learner in 
constructing ideas as a result of experiences [23, 24]. In the 
discussion method students indulge in argumentation over a 
topic [25]; this encourages the participants to direct their 
thinking process towards the solution of a problem. 
However, in applying discussion teachers should check for 
the participation of each learner in the discussion as the 
whole essence of discussion is thinking together with 
shared meanings.  

In his study of the impact of role change in teaching and 
learning physics on students, Getinet [26] has changed his 
teaching practice from traditional lecture format to a more 
student centered process that utilized group activities. He 
reports that group learning provides an opportunity for him 
to observe students working through problems, explaining 
their reasoning, discussing their ideas with their peers, and 
intervenes when students encounter difficulties. In his study 
using the standardized test scores of more than 6,000 
students in the subject of mechanics, Hake [13] showed that 
the approach of interactive engagement is twice as effective 
as the traditional lecture approach. According to Thornton 
and Sokoloff [27], active learning strategies supported by 
the use of microcomputer-based tools significantly 
improved conceptual learning. Lawrenz et al [28] suggest 
that students exposed to the Active Physics curriculum 
scored higher on the achievement test than students who did 
little use of the Active Physics curriculum. Very recent 
researches in Ethiopian context show that student-centered 
instruction significantly contributes to students graphical 
interpretation skills, understandings of kinematics concepts 
and elimination of misconceptions than traditional 
instruction [29], and activity based group learning has 
positive effects on students’ cognitive learning and their 
feelings of their learning [26]. Kalu and Ali [30] suggested 
that teachers affect student learning and attitudes through 
the curriculum and quality of instruction. These all suggest 
that teachers should provide an opportunity and an 
environment of active and involved learning by preparing 
tasks or activities particularly conceptual questions that 
require students discuss with their peers, develop higher 
level of thinking and problem solving skills. 

Assessment tasks that instructors use in the course send 
messages to the students about what they should focus on, 
and provide feedback whether their efforts were successful 
or not. In the lecture method that prevails in Ethiopian 
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context of physics instruction, student’s grades are totally 
based on exams which focus on quantitative problems. This 
method of assessment leads students to focus on rote 
learning of formula and how to apply equations to problem 
solving. Moreover, student assessment in Ethiopian Higher 
Education is dominated by norm referencing, insufficiently 
robust to assure compatibility of grading standards between 
cohorts of students, and is not sufficiently transparent to 
ensure that students are graded fairly and consistently [31]. 
However, research findings indicate that assessment 
influence the effort students put into learning and the 
quality of their engagement with the learning tasks. For 
instance, classroom assessment with feedback is 
fundamental to learning and teaching activities [32]; 
empowers students as self-regulated learners [33]; can lead 
learners towards successful achievement in summative 
assessment contexts [34]. Assessment must be considered 
in examining the effects of problem-based learning [35]. 

The teachings of science lag far behind the development 
of the philosophy of science indicating a need of improving 
teaching of science [36]. Research findings indicate that 
students sense and interpret new information based on 
existing structures (like past experiences, stored knowledge 
and motivation). In mechanics; basic concepts are close to 
the students’ daily life experiences of motion and forces, 
the alternative conceptions students held from their life 
experience interferes with the learning and understanding of 
physics concepts [37, 38]. Capon and Kuhn [39] reports 
that problem-based learning produces benefit if new 
information is integrated with existing knowledge 
structures activated by the problem-based experience. As 
antidote to problems like this, scholars place emphasis on 
conceptual learning science education [40]. However, in 
Ethiopia, the hydraulic model of learning and teaching 
which emphasizes transmission of knowledge, bunches of 
facts from teacher to “empty headed” students, like pouring 
water from a jug to empty glass, lead students to rote 
learning of formula compromising understanding of 
concepts. There are local researches that criticize the 
teaching of physics in Ethiopian schools and universities. 
For example, the use of lecture method to provide students 
bunches of facts, principles, laws, and derivation of 
mathematical expressions has little benefit to students’ 
conceptual understanding [7]. Getinet [41] also reports that 
due to the constraints (such as teachers emphasize on the 
mathematics of the physics, lack of apparent relevance of 
the contents to students life experience, absence of practical 
classes, student’s poor language proficiency to understand 
the plasma television instruction, teacher’s low input to 
student learning, etc) at preparatory school level, majority 
of students in Ethiopia are not in a position to cope up with 
physics courses in Universities upon their admission to 
higher institutions and thus vulnerable to dismissal in their 
first Year University experience.  

Students need to learn to formulate and solve complex 
problems, design investigations and work collaboratively. 
To carry out these activities students need to learn how to 
reflect on the reasoning process, ask questions, self-asses 

and communicate effectively. By changing assessment 
tasks we can shift the attention of our students to what we 
consider important. According to Black and William [42] 
the learning gains from systematic attention to formative 
assessment including feedback for the students is larger 
than gains found for most other educational interventions. 
Group discussion and journal writing (weekly reports) are 
techniques among others in which students can learn how to 
reflect on the reasoning process, ask questions, self-asses 
and communicate effectively. In their weekly report 
students can reflect their own learning by answering 
questions such as: What did I learn this week? How did I 
learn it? What questions remain unclear? This is important 
because it provides students an opportunity to reflect on 
their own learning including their difficulties. This in turn 
provides instructors an opportunity to learn about their 
students' conceptual difficulties, students' understanding of 
their own learning. This type of reflective learning and 
teaching can promote conceptual understanding. However, 
to the best of my knowledge no research was conducted in 
our universities context on the effect of group discussion 
and self reflection on student's understanding of the basic 
concepts of mechanics. 

 
 

II. THE PROBLEM 
 
One of the main aims of teaching physics is to facilitate 
students understanding of the basic concepts that would 
help to solve real life problems. The effectiveness of 
student’s engagement in learning can be examined in terms 
students’ conceptual understanding as judged by their result 
on conceptual tests. These days students placed to Physics 
Education Department, trainees for the profession teaching 
high school physics are those who failed by competition, 
because of their low result in university entrance 
examination, to join other departments; they have been 
placed without their interest and choice [43]. Getinet’s 
study reveal that students placed to Physics Education 
Department have poor ability in school mathematics, poor 
background in physics, and unable to understand the 
concepts of physics, and their performance in exam was 
very poor, and hence subjected to delay and/or dismissal. 
Other recent studies also report similar results indicating 
the persistent and deep-rooted problems in the quality of 
students learning of physics at pre-university level. For 
example, the quality of science education in Ethiopia has 
been seriously compromised and there has been a decline of 
the competence of applicants in physics [44]; the rate of 
enrolment in physics is the lowest and students having the 
lowest mean score in Ethiopian National Higher Education 
Enterance Examination were assigned to the physics 
undergraduate programs [45]. It is feasible to raise 
questions like: How these students will be a high school 
physics teacher? What will be the fate of future students 
who will be trained physics with the would be uninterested 
academically weak (or less able) physics student teachers? 
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On the other hand, undergraduate physics instructors in 
physics education departments of in our university, which is 
also likely to all physics education departments in other 
universities of Ethiopia, including myself have been 
attaching student’s failure to their poor background and 
placement of students to the department without their 
interest. Potgieter et al [46] suggest that lecturers of physics 
be well informed about the baseline knowledge and 
understanding of students upon entry to tertiary education 
to ensure a smooth transition between secondary and 
tertiary education. Notwithstanding this, in Ethiopian 
context no instructor considers whether the method he/she 
approached in teaching physics has an effect (positive or 
negative) in students learning of physics. No instructor is 
questioning whether his/her instructional practices 
appealing to the majority of students or not. The use of 
lecture method had little benefit to students’ conceptual 
understanding; the gain in students’ understanding of the 
basic concepts of Newtonian mechanics after instruction 
with lecture method was found to be 0.10 (Std.Dev.0.05). 
However, understanding the basic concepts of Mechanics is 
a basis for understanding the subsequent physics courses. 
Other researchers also claim that secondary and university 
physics students have difficulties in the understanding of 
mechanics and lack basic knowledge and this is influencing 
students understanding of other more complex topics at 
higher levels of physics [47, 48].  

In Ethiopian context, significant difficulties of students 
in learning physics at preparatory schools were difficulty of 
the contents of physics, teachers emphasize on the 
mathematics of the physics, lack of apparent relevance of 
the contents to students life experience, absence of practical 
classes, perception of the difficulty of the subject, student’s 
poor language proficiency to understand the plasma 
television instruction, teacher’s low input to student 
learning, and lack of commitment both on the sides of 
teachers and students [41]. This has contributed to students’ 
poor background in physics and greatly influenced their 
performance in their first year physics study. Getinet [43] 
reports a strong correlation between students’ high school 
physics and their first year GPA. Hazari et al [49] also 
reports that high school physics and affective experiences 
of students, and mathematics preparation are factors that 
influence university physics performance. Sadler and Tai 
[50] suggest that high school physics course has a modestly 
positive relationship with the grade earned in introductory 
college physics. These authors emphasize that the variation 
observed in the performance of students is not simply 
innate ability but can be explained by the range 
ineffectiveness of their pre-college preparation. 

However, Getinet [26] reports that “… if students get an 
environment in taking responsibility in their learning and if 
teachers intentionally include activities/ tasks that 
potentially encourage social interaction and negotiation, 
students’ quality of learning (including their feeling, 
thinking and doing) can grow in many folds than when they 
are exposed to the banking model of teaching. Therefore, 
looking for instructional interventions that may help 

students learn and understand the basic concepts of 
mechanics should be of a primarily concern. The research 
questions that guided this study are: (1) do students learn 
the basic concepts of mechanics by question - answer 
approach with group discussion than lecture method? (2) 
Does self reflection contribute to students’ conceptual 
understanding of the basic concepts of mechanics? (3) do 
the interventions used on test groups bring a performance 
difference on mechanics baseline test? 

 
 

III. OBJECTIVES AND SIGNIFICANCE OF 
THE STUDY 
 
The general objective of this study was to investigate the 
effectiveness of instructional interventions, namely, 
problem posing (question – answer), group discussion, and 
self reflection on students’ conceptual understanding of 
mechanics in comparison to the lecture method. The 
specific objectives of this research were to see if (i) 
question - answer approach with group discussion helps 
students learn the basic concepts of mechanics; (ii) self 
reflection contributes to students’ performance on MBT. 
This research is significant for both teachers and students. 
The approach may help teachers to diagnose students’ 
difficulties in learning and give remedy on spot. The 
students can learn self reflection and sharing responsibility 
to their own learning. 
 
 
IV. METHODOLOGY 
 
A. Research Design 
 
The Pretest- Posttest control group design was employed in 
this research. The control group was taught by teacher 
lecture and tutorial classes where the instructor solves 
quantitative problems and students copy the solutions. 
There were two test groups, Test group T1 and Test group 
T2. Students were randomly assigned to the two test groups. 
The two test groups were exposed to question - answer 
approach with group discussion and feedback in the form of 
interactive lecture. The Test group T2 had additional 
treatment: self reflection where students reflected their 
learning every week by writing structured reflective 
journals.  
 
B. Sample and sample size 
 
This study was conducted on first year students registered 
for the course Mechanics. The number of students 
registered for this course was 96. However, only the results 
of 56 students who sat for both pre-test and post test were 
included in this research report. There were 18 students in 
the experimental group T1, 16 students in the experimental 
group T2 and 22 students in the control group. The 
participants in the test group are those students placed to 
Physics Education Department without their choice and 
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who failed by competition, because of their low result in 
university entrance examination to join other departments. 
 
C. Source of data 
 
Student’s pretest and posttest results were used as the 
source of data for this study. In this study, students’ 
conceptual understanding was assessed by the Mechanics 
Baseline Test (MBT), a concept test designed to assess 
student understanding of the most basic concepts in 
Newtonian Mechanics. 
 
D. Limitations and delimitation 
 
This research was delimited to first year students who were 
registered for the course Mechanics. In this study, I, the 
researcher, instructed the test groups while the control 
group was instructed by different teacher, my collogue, 
who had more teaching experience than the experience I 
had in teaching. However, prior to the instructional 
interventions, we prepared the same content in the same 
sequence. We also used the same reference material. One of 
the limitations in this research is thus, teachers’ 
competence, that may affect students learning, was not 
considered. In addition to this, this paper doesn’t explore 
the relation between students’ conceptual understanding, as 
judged by performance on MBT, and student’s final grade 
on the course.  
 
E. Research Procedure 
 
The MBT was administered to both the experimental and 
the control groups as a pre-test prior to the instructional 
interventions. The test was distributed to all students that 
come to the class on the first day of the start of the class of 
the semester. Students were randomly assigned to the two 
test groups. Students in both the experimental and the 
control groups studied the same content in the same 
sequence. Students in the experimental (test) groups were 
exposed to question – answer approach with group 
discussion as a teaching intervention while students in the 
control group were instructed by teacher lecture through out 
the semester. In the question – answer approach with group 
discussion, students were provided conceptual questions on 
each lesson topic. Students in the test group were allowed 
to discuss on and prepare answers to the conceptual 
questions in groups. Then, I gave immediate feedback to 
student’s response in the form of presentation by interactive 
lecture method. Furthermore, students in the test group T2 
were asked to reflect on their own learning by submitting a 
weekly report every weekend. In the last week of the 
semester the MBT was administered to both experimental 
and control groups at the same time in the same room 
without announcement. This test was called post-test in this 
paper. Only the results of those students who sat for both 
pre-test and post test were analysed and included in this 
research report. Those students’ pre-test results who didn’t 

take the post test and students’ post-test results who didn’t 
take the pre-test were annulled.  
 
 
V. FINDINGS 
 
In this research, the analysis of the class averages such as 
percentage averages scores of pretest with its standard 
deviation, percentage averages scores of posttest with its 
standard deviation, normalized gain <g> with its standard 
deviation on MBT were performed and presented in Table 
I. In addition Pearson’s Correlation coefficient of individual 
student’s normalized gain and pretest scores, pretest scores 
and posttests scores, pretest scores and student’s absolute 
gain on MBT were analyzed and presented in Table II. 
Furthermore, the Cohen Effect size, d was analyzed and 
presented in Table III. In the calculations the following 
formula are used: 
 

><−
>−<><

>=<
pretest

pretestposttestggainnormalizedAverage
%100

%%, ,(1) 

 
x,

pooled

yEffect size d
σ
−

= ,                              (2) 

 

x ywhere  and  are populations means expressed in the 
row (original measurement) unit, pooledσ , is called, the 
pooled standard deviation commonly used by Rosnow and 
Rosenthal [51] and it is the root mean square of the two 
standard deviations for the x and y-group means [52]. It is 
the square root of the average of the squared standard 
deviations given by the equation  
 

2 2

2
x y

pooled

σ σ
σ

+
= .                               (3) 

 
Here, the x and y are the row (original measurement) scores 
for the experimental and control groups. 

Here, the x and y are the row (original measurement) 
scores for the experimental and control groups.  

 
 

TABLE I. Pretest, posttest and normalized gain data on MBT. 
 

Group N 

Average (standard deviation) % 

Pretes 
(St.Dv.) 

Posttest 
(St.Dv.) 

Normalized 
gain, g 

(St.Dv.) 

CG 22 19.93 
(6.35) 

28.32 
(6.45) 0.10 (0.05) 

T1 18 21.43 
(6.22) 

30.77 
(4.97) 0.12 (0.06) 

T2 16 19.93 
(7.46) 

31.47 
(8.57) 0.14 (0.09) 
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The analysis of the results of students on Mechanics 
Baseline Test (MBT) presented in Table I showed that the 
average pretest scores on MBT were 19.93% (Std. Dev. 
6.35%) for the control group, 21.43% (Std. Dev. 6.22%) for 
the test group T1, and 19.93% (Std. Dev. 7.46%) for the test 
group T2. The sample students average pretest results on 
MBT were low and there was no as such significant 
difference in the pretest results of the three groups 
indicating that the groups were almost uniform. The 
average scores on the posttest were 28.32% (Std. Dev. 
6.45%) for the control group, 30.77% (Std. Dev. 4.97%) for 
the test group T1, and 31.47% (Std. Dev. 8.57%) for the test 
group T2. The posttest scores were very low indicating that 
students have deficiencies in the qualitative understanding 
of the basic concepts of mechanics even after instruction. 
We see from Table I that the spread of the students result 
from the mean score was very large for those students in the 
test group T2. This indicates that the MBT result of students 
involved in reflecting their own learning where scattered in 
a sense that the weekly report might benefited some 
students than others in conceptual understanding of 
Newtonian Mechanics. 

However, the posttest scores were too low when 
compared with the report that the threshold score of 
mechanics test for Newtonian understanding is 60%. Even 
the average score of those students in the treatment group 
with self-reflection is about half of the threshold score. 
These low results clearly show that the sample students 
have real deficiencies in understanding the basic concepts 
of the course qualitatively. Peer instruction resulted in a 
significant increase of students mean score on mechanics 
when compared with traditional instruction [53]. When 
compared to reports of score on MBT (e.g., ibid), the result 
obtained in the current research, Table I, is really 
disappointing though the cause for this undesirable result 
needs careful investigation of student’s entry behaviour to 
cope up with the course, student’s real engagement in 
learning physics and the methodology of the course 
delivery. Any ways this big gap between the reported 
results and the current research result clearly shows how 
poor the quality of teaching and learning of the physics 
course was in Ethiopian universities context. 

The average normalized gain of students on MBT were 
0.10 (Std. Dev. 0.05) for the control group, 0.12 (Std. Dev. 
0.06) for the test group T1, and 0.14 (Std. Dev. 0.09) for the 
test group T2. No report was found from literature on the 
normalized gain of MBT. However, the calculated average 
normalized gain of students on MBT were 10%, 12%, and 
14% of the maximum possible gain, for the control group, 
for the test group T1, and for the test group T2, respectively. 
These indicate that students understanding of the basic 
concepts of Newtonian mechanics even after instruction 
were poor. However, the results of the treatment group with 
weekly report was relatively better indicating that if 
feedback were given to students the weekly report seems 
promising in enhancing conceptual understanding of 
students in the course. 

 
 

TABLE II. Correlation coefficients results. 
 

  Correlation coefficient between 

Group N Pre & post 
test 

Pretest & 
absolute gain 

Pretest & 
normalized gain

CG 22 0.78 -0.25 -0.12 
T1 18 0.59 -0.33 -0.15 
T2 16 0.64 -0.62 -0.53 

 
 
The correlation coefficients between the pre test and post 
test for the control group 0.78 showed that shows a 
relatively strong degree of relationship between the two 
results which indicates that their poor academic background 
might attribute to the low performance even after 
instruction with lecture. On the other hand, it also shows 
that teacher lecture method used had little effect in helping 
students understand the basic concepts of mechanics. There 
is a relatively large negative correlation between the 
absolute gain (post-test score - pre-test score) and the pre-
test score (r = -0.62) for the test group T2. This negative 
correlation indicates that test group T2 has started the 
classes with relatively smaller pre-test scores tend to have 
larger absolute gains than the other groups. We also see that 
there is a negative correlation between the normalized gain 
and the pre-test score (r = -0.51) for the test group T2. It 
means that relative to other groups, this test group has 
larger gain in their learning that might be due to their 
reflection on their own learning. 
 
 

TABLE III. Effect size data on MBT. 
 

Between the 
groups Effect size, d 

T1 & CG 0.27 
 T2 & CG 0.65 
T1 & T2 0.23 

 
 
Table III shows the Cohen Effect size, d between the 
groups on MBT. The Cohen effect size were 0.65 between 
the control group and the test group T2, 0.27 between the 
control group and the test group T1, and 0.23 between the 
test groups T1 and T2. Cohen [52] defined effect sizes as 
"small, d = 0.2," "medium, d = 0.5," and "large, d = 0.8". 
According to this definition, the effect size between the 
control group and the test group T2 lies in the medium 
range; the effect sizes of 0.27 between the test group T1 and 
the control group, 0.23 between the test group T1 and test 
group T2 both lie in the small range. The effect size 0.27 
between the test group T1 and the control group CG 
indicates that the question – answer approach with group 
discussion as a teaching intervention has contributed 
positively to students understanding of the basic concepts 
of mechanics better than teacher lecture. It means that the 
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test group T1 had a relatively better understanding on the 
basic concepts of mechanics. 

The Cohen effect size of 0.65 between the control group 
and the test group T2 indicates that the combined effect of 
the question – answer approach with group discussion and 
self reflection have greatly helped students in the test group 
T2 to understand the basic concepts of Mechanics. The 
effect size of 0.23 between the test group T1 and test group 
T2 shows that students involved in reflecting their own 
learning, students in the test group T2, had better 
understanding of the basic concepts of Newton’s laws of 
motion and achieved relatively better result on MBT than 
students in the test group T1. This indicates that if students 
are allowed to reflect on their own learning and knowledge 
by organizing their ideas, they may understand and 
internalize the basic concepts of mechanics. In general, I 
may infer from this result that had continuous feedback on 
self-reflection were given to students, they might have 
understood more and retained the basic concepts of 
mechanics, and performed better on MBT.  

The result of the current study indicates the positive 
effect of engaging students in their learning and thus agrees 
well with local and global research reports reviewed and 
discussed in the introduction. Research in physics education 
and other discipline supports the positive effect involving 
students in their own learning. For example, small-group 
learning are effective in promoting greater academic 
achievement, more favorable attitudes toward learning, and 
increased persistence through courses and programs [54]; 
active learning courses resulted a gain which is more than 
two standard deviations above the lecture courses [55]; 
structured active learning experiences lead to substantial 
differences in the students' reasoning and self expression 
skills compared to lecture method [56]; students exposed to 
peer-led guided inquiry method of instruction consistently 
outperformed those students exposed to lecture on the 
course exams and on the final exam [57]; students in 
challenge-based instruction classes performed significantly 
better than students in traditional lecture-based instruction 
classes on the more difficult questions [58]. Hoellwarth et 
al. [59] studied student performance on conceptual 
understanding and on quantitative problem-solving ability 
in introductory mechanics in both studio and traditional 
classroom modes, and found that significantly larger 
normalized learning gain in conceptual understanding for 
students in the studio sections than the traditional. Beichner 
et al. [60] report that students centered activities resulted in 
significantly increased conceptual understanding, improved 
attitudes, successful problem solving, and higher success 
rates in calculus-based introductory physics particularly for 
females and minorities in comparisons to traditional 
instruction. 

 
 

VI. CONCLUSION 
 
The result of this research indicated that the instructional 
interventions used in teaching and learning of the course 

mechanics had an effect on students learning gains as 
judged by their performance on MBT. Students exposed to 
the question – answer approach with group discussion as a 
teaching intervention performed on MBT than students 
taught by teacher lecture. The results of this research show 
clear difference between the test group and control groups 
in understanding the basic concepts of mechanics. 
Furthermore, students involved in reflecting their own 
learning understood the basic concepts of mechanics and 
relatively scored better results on MBT after instruction 
than students in the test group T1 and in the control group. 
This might indicate us that while reflecting on their own 
learning, students were able to summarize their knowledge 
by organizing their ideas and internalize the basic concepts. 
Had timely feedback given to students’ reflection on their 
own learning as intended initially, a better result might have 
been obtained. Even though, students with better entry 
background can easily learn and understand new materials, 
the results of this research suggest that students with poor 
background in physics can improve their learning if 
classroom environment involves them in their own 
learning. It means that instead of attaching student’s failure 
to their poor entry background and placement of students to 
physics education department without their interest, we as 
teachers have to look an opportunity to expose our less able 
students to a variety of learning experiences and make them 
share responsibility in their own learning in effect help 
them learn and understand the basic concepts of mechanics. 
A classroom environment which encourage active learning 
of students like group discussion and self reflection as used 
in the current study potentially enable teachers in 
monitoring students' understanding, provide an opportunity 
for students to engage in active learning and boots student' 
concentration levels.  

I sum up my conclusion mentioning what Getinet [26] 
concludes: “…teaching is a moral enterprise; the best 
curricula and most perfect syllabus may remain dead. But it 
can be awaken and put to life by method of instruction 
which provide basis for students’ active involvement in 
their learning. To this end, we teachers need to include 
ample instructional opportunities that can broaden the range 
of student’s intellectual experiences, inculcate the habit of 
analyzing, asking“why?” than simply reiterating textbook 
materials through transmission mode of instruction which 
guarantees only content coverage. At the heart of this, there 
is active learning approach.”  
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