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Abstract 
 

In this study the use of interactive-engagement approaches were used in one 
full semester mechanics course within the curriculum of the university. 
Standardized tests of force concept inventory (FCI) and mechanics baseline 
test (MBT) were used to assess students’ improvement. We found that the 
interactive engagement (IE) approaches have a significant impact on students 
scores in both FCI and MBT. These could suggest that IE approaches could 
effectively improve students’ conceptual understanding and insightful problem 
solving in mechanics. 

 
 
Introduction 
Students in Ghana are mainly taught by the traditional lecture method, especially from 
the junior high school, senior high school, and at the university level with sometimes 
little demonstrations at the primary level. Numerous researchers have shown that the 
use of the lecture method does not help students to understand concepts in the 
sciences, especially physics. When students are involved in what goes on in the class 
that is where they are made to understand what they learn and apply them effectively. 
Due to this most researchers have suggested the use of interactive-engagement 
approaches in classrooms as one of the surest ways of making students to be actively 
involved in the teaching and learning process in the classroom, and also help them to 
understand concepts and use them effectively in solving similar problems and 
applying them to new situations (Hake, 1998).  
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 This is a study which was made on 17 physics first year students from University 
of Education, Winneba (UEW), who were taught by the use of interactive-
engagement approaches in mechanics. The interactive-engagement methods were 
used throughout the mechanics content course. And in order to see the effectiveness 
of the interactive-engagement approaches in students’ understanding of concepts in 
mechanics, the force concept inventory (FCI), which is a standardized multiple choice 
questions based on some Newtonian forces were used as pre-test and post-test. Hake’s 
method of calculating gain was used. The results indicate that students when taught by 
the use of interactive-engagement approaches can understand concepts and can 
improve on their scoring abilities in FCI test. MBT which is also a standardized test 
which probes into students’ solving skills in mechanics was used to assess the impact 
of IE approaches on students’ problem solving skills. The scores attained by students 
in the MBT suggest that the use of IE approaches can improve students’ problem 
solving abilities. The educational implication is that, as the use of interactive-
engagement approaches (IEAs) could show positive results among students in the 
department, they have the potentials of replacing the traditional lecture method of 
instruction, as the benefits of interactive-engagement approaches are becoming 
motivating factors for improving physics teaching and learning. 
 
 
Interactive-engagement approaches used in the study 
According to Hake (1998), interactive-engagements methods are those designed at 
least in part to promote conceptual understanding through interactive engagement of 
students in minds on (always) and hands on (usually) activities which yield immediate 
feedback through discussion with peers and/or instructors. With traditional methods 
of teaching, he described it as the one with which instructors make little or no use of 
interactive-engagement methods. He posited that instructors rely primarily on passive-
student lectures, recipe labs, and algorithmic examination. 
 From Hake’s definition of the interactive engagement methods, the following 
approaches were designed and used for the lessons in the semester. At least four of the 
approaches were used in each lesson. Some approaches like concept quiz, think-share-
present, conceptual and reasoning question, group discussion, and tutorials were used 
in all the lessons.  
 
Concept quiz 
It is defined as a test of knowledge in the form of a short or rapid series of questions. 
This technique was adopted from Eric Mazur, in his book entitled “Peer Instruction: A 
User’s Manual”. Students were supposed to complete a short quiz on some concepts 
they are to study in a particular day, and this was done at the beginning of every class 
in every week. Each question in the concept quiz was specifically based on a concept, 
mostly not solvable by relying on equations, unambiguously worded, and neither too 
easy nor difficult. Students usually attach seriousness to anything which is a form of 
quiz, test or examination that will add up to determine their grade. As cited in 
Mazur’s book, “for the students, the examination is the dog and the course is the tail”. 
The concept quizzes formed part of the students’ continuous assessment (about 25%). 
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This was to aid students who lack the initiative to read before attending lectures to do 
so in order to gain some marks for themselves and also to take active participation in 
class discussions (Hacker, 2010). Some of the concept quiz questions were selected 
from Mazur’s book, (Mazur, 1997). The concept quiz was discussed briefly between 
teacher-students so as not to consume time and to avoid its repetition during the 
interactive teaching. 
 
Projects 
A project is a task that requires great effort and planning to complete. Projects were 
sometimes assigned to students in groups of three or four members each to deliberate 
on and present to the class. Some of the tasks were selected from Paul G. Hewitt’s 
conceptual physics book, (Hewitt, 2010). The groups report their findings to the class 
for questions, explanations and clarifications. This encouraged students to do group 
work, learn to find things for themselves and how to research into finding answers to 
questions and solutions to problems. Out of the ten lessons, students had four 
presentations and their confidence level in their own abilities increased from one 
presentation to the other in terms of meaningful ideas to support their arguments. This 
was due to the fact that, they knew their colleagues would hold them responsible, in 
case they failed to do it well.  
 
Think-share-present 
The think-share-present was adapted from “Think-Share-Pair” which was first 
proposed by Lyman (1981). In think-share-present, the instructor posed a question 
and gave students about two minutes to think about the question and write the answer 
down. This was necessary because it gave students the chance to formulate their own 
answers, share with a neighbour sitting nearby and discuss their ideas about the 
question, also for about three minutes. After that a plenary discussion was held and 
students presented whatever answers or conclusions they came out with to the entire 
class, for comments, questions, and clarification from their colleagues. The think-
share-present structure gave all students the opportunity to discuss their ideas. This 
active process was not available to them during traditional lectures. This enables 
students to be involved in classroom learning. They learn how to argue their case out 
by convincing their colleagues on reasons why their line of thinking is the best. It was 
virtually impossible for students to avoid participating, thus making each person 
accountable.  
 
The Use of microcomputer-based laboratory (MBL) tools 
Students sometimes were actively engaged in demonstrations using microcomputer 
based laboratory (MBL) equipment. For example, in the teaching of graphs, students 
were made to walk the displacement-time and velocity-time graphs. With this method, 
students were able to relate graphs to their physical movements or experience. In 
Newton’s third law, the MBL was used to demonstrate the verification of action is 
equal to the reaction irrespective of the masses involved. This method was used by 
Thornton and Sokoloff (Thornton & Sokoloff, 1997). Students by this means learn 
how to interact with the computer to achieve their desired results. Also students could 
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use the MBL to produce results or graphs of experiments within the shortest possible 
time and could have more time to concentrate on the analysis of the results and graphs 
produced. This improves learning considerably through the analysis by students. 
 
Presentation on white board/broadsheets 
A white board is a dry erase board of any small, but convenient size upon which 
students can write or draw in order to present concepts, charts, maps, tables, graphs, 
diagrams, or equations. They are used with dry erase markers, and are easily wiped 
clean with an eraser or duster.  
 The use of the white boards by individuals/groups to describe and explain the 
results of the observations they have made and/or thinking processes they have 
utilized was a source of motivation to involve students in what goes on in the class. It 
is an instrument well suited to improving the quality and quantity of scientific 
discourse in a classroom. The use of the white board was sometimes replaced with the 
use of broadsheets where students document their concepts or charts and present to 
the class for discussion. Students in groups sometimes were made to do presentation 
on the white board or broadsheets of some assignments or projects.  
 Usually, a cooperative inquiry-oriented project was assigned to students and their 
group findings were typically presented by the entire members in front of the class 
where they used the white board or hung the broad sheets. Students explained their 
findings, and provided multiple representations of the understanding they have 
developed. The floor was then opened to questions. Teacher and students were 
allowed to seek clarifications and justifications from students’ conclusions. 
 Using the white board or the broadsheet approach, teachers could change students 
from “collectors of information to expectant creators of coherent understanding”, 
(Wells, Hestenes & Swackhamer, 1995).  
 
Conceptual reasoning questions (CRQ) 
Conceptual reasoning questions referred to questions which did not demand a 
straight-forward answer by the use of laid down regulations, where students have to 
apply and come out with a definite result as the answer to a question (Dorde, 2002). In 
CRQ, students needed to analyze, reason, synthesize, test and support the answer with 
explanations. Sometimes there were not only one definite answer as in cases where 
students have to apply formulae, but depending on the student’s line of argument, the 
corresponding solution to the problem could be accepted (heuristic approach). In 
some occasions, even though there might be one correct answer, students have to give 
a reasonable idea to support their answer. In cases where options are provided you 
have to provide explanation to your choice of answer. This approach kept students on 
their toes by always providing logical and sound reasons that are applicable in all 
situations to support their answers. Students discussed the conceptual and reasoning 
questions in groups of 4 members each.  
 
Concept Cartoons 
These are cartoon-style drawings with questions on specific concepts and alternatives 
for students to select the right answer, by putting forward a range of viewpoints. 
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These were adopted from “Hewitt’s Figuring Physics or Next Time Questions” on the 
internet. “Figuring Physics/ Next Time Questions” has been and is still a monthly 
feature in Physics Teacher, published by the American Association of Physics 
Teachers (AAPT). It is now available on the internet. It was used to elicit students 
thinking. Students were to discuss, and sometimes argue, about answers, so that 
learning could occur. The reasons for using these concept cartoons were to; make 
students ideas explicit; help in challenging and developing students’ ideas; provide a 
stimulus for discussion; and help students to ask their own questions, 
(http://www.arborsci.com/Labs/CP_NTQ.aspx). Concept cartoons were used to 
support conceptual and reasoning questions or sometimes to support the application 
questions. 
 
Simulations (applets)/Animations 
Applets were used to simulate or reproduce features of physics phenomena in an 
invented environment, to allow students to interact with it and modify parameters, 
variables, rules, and measure different magnitudes. Numerous applets can be found on 
the internet which can be used free of charge by teachers 
(http://www.phet.colorado.edu/en/simulations/category/physics). 
 Also there are several animations on the internet which could serve as a means of 
supporting what will happen to physical situation. This was mostly used in cases 
where it was quite difficult to use words to explain for students to get what the 
instructor implied. For example the applet on the direction of motion of a golf ball 
which came out of a container when it was moving round a circle, was a good 
demonstration for students to refute centrifugal force. In most cases, students had to 
discuss what would be the outcome before they started operating the simulation to 
compare with their outcome. It is always helpful for students to predict before they 
see such animations to produce meaningful learning 
(http://www.physicsclassroom.com/mmedia/indexicfm).  
 
Motion/dot diagrams 
Motion diagrams are visual representations of physical concepts. The world in which 
we study Physics is a physical world- a world which we can see. And if we can see, 
we certainly ought to visualize it. And if we see to understand it, then that 
understanding ought to involve visual representations. The use of motion/dot 
diagrams helped students to develop mental images and intuition about the meaning 
of certain quantities used to describe motion. By noting the distance an object moved 
in equal time intervals, students could determine the object’s state of motion, as to 
whether it was at rest, moving at a constant speed, speeding up or slowing down.  
 In kinematics problem solving, students were made to employ this technique of 
motion/dot diagrams so as to let them have a better understanding of what the 
question described. In some other instances of forces and motion, students were given 
series of motion/dot diagrams and were asked to identify those ones that could be 
associated with force. These diagrams helped students in giving real meaning to 
questions. 
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Tutorials 
The tutorial was used to supplement teaching. The tutorial session was meant to 
discuss series of questions, about 20, on topics treated within a particular week. 
Students were to discuss tutorial questions with their colleagues before coming to the 
session. They were called one after the other to explain how they solved the problems. 
The tutorials afforded students the opportunity to work through conceptual questions. 
Most of the questions were selected from books like conceptual physics, activphysics, 
peer instruction, five easy lessons, college physics and others. The use of tutorials had 
been suggested by many physics education researchers, especially where little can be 
changed in lecture due to constraints, (McDermott, Shaffer & Somers, 1994; 
McDermott & Shaffer, 1992).  
 
 
Methodology 
Students were made to answer 30 multiple choice questions of the force concept 
inventory (FCI)as a pre-test, the first day they met the instructors. Instructors made 
sure students followed all the instruction written in front of the question sheets. This 
was a revised version of the FCI by I. Halloun, R. R. Hake, and E. P. Mosca , which is 
available as a pdf file at the site of authorized educators, 
(http://www.modelling.asu.edu/R&E/researchhtml). They used 30 minutes for the 
answering of the questions. The instructors collected the sheets after the 30 minutes. 
The students were not supposed to leave any question unanswered. They should avoid 
guessing and answer according to how they understand the option to be the right 
answer. After the pre-test, the instructors briefed the students of the new approach 
they were going to use to teach the students. Instructors marked the sheets later and 
recorded marks as pre-test scores.  
 Teaching started the following week after they have finished with the pre-test. The 
mechanics content was grouped into 10 topics. Each topic was treated within a week. 
The instructors had a ten-week consecutive lessons with the students in which they 
used at least four of the interactive-engagement approaches mentioned above in each 
of the lessons.  
 After the last week of teaching, students were given the FCI and MBT to answer 
post-test for FCI, on two different days. Instructors made sure the students stick to the 
recommended rules of taking 30 minutes in answering the questions in FCI and 45 
minutes for MBT. While answering, students should avoid guessing and the choice of 
answers should reflect what each student personally thinks. They were to make only 
one mark per item and were not supposed to skip any question. The questions sheets 
were collected from students. Instructors marked the sheets and recorded the scores as 
Post FCI and MBT. 
 Hake’s method of calculating gain was used to analyze the pre-test and post-test 
scores to determine whether there has been improvement in students concepts in 
forces. Also, the means and standard deviations of the pre-test and post-test scores of 
FCI and MBT were used to determine whether the interactive-engagement approaches 
have had significant impact on students’ conceptual understanding and insightful 
problem solving in mechanics.  
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Force Concept Inventory (FCI) 
FCI is a multiple-choice “test”, which consists of 30 questions with common 
misconceptions as distractors designed to assess students understanding of the most 
basic concepts in Newtonian mechanics. Even though it can be used for several 
purposes, the most important one is to evaluate the effectiveness of instruction 
(Halloun, Hake, & Mosca, 1995). Questions on the inventory were designed to elicit 
students’ preconceptions about the subject. Students’ pre and post-test scores were 
used to calculate gain, 〉〈g on the level of interactive-engagement approaches used in 
the teaching. A substantial use of interactive-engagement approaches in the teaching 
should give a gain 〉〈g between 0.36 and 0.68, ie. 0.36< 〉〈g <0.68. 
 
 
Mechanics Baseline Test (MBT) 
MBT is also a standardized test to assess students’ understanding of the most basic 
concepts in mechanics. It comprises 26 multiple-choice questions with possible 
answers (Hestenes & Wells, 1992). The baseline which is recommended as a FCI 
companion was used in assessing quantitative problem solving skills among students. 
This was necessary so as to determine whether students have gained insightful 
problem solving capabilities in mechanics by looking at their scores. The Baseline 
emphasizes concepts that cannot be grasped without formal knowledge about 
mechanics. Unlike the FCI, some computation is required in MBT, so students use 
more time in MBT than FCI, and was also administered after completion of the 
course.  
 The two tests (FCI and MBT) are complementary probes for understanding of the 
most basic Newtonian concepts. Together they give a fairly complete profile of 
understanding these concepts.  
 
 
Analysis 

 
Table 1: Percentage values of Pre FCI, Post FCI and MBT. 

 
Students’ code %Pre FCI %Post FCI Gain %MBT 
1 13.33 56.67 0.50 50.00 
2 10.00 63.33 0.590 61.54 
3 10.00 63.33 0.590 61.54 
4 26.66 50.00 0.32 26.92 
5 20.00 53.33 0.42 38.46 
6 13.33 50.00 0.42 42.31 
7 13.33 50.00 0.42 42.31 
8 20.00 56.67 0.46 42.31 
9 30.00 60.00 0.43 34.62 
10 6.67 46.67 0.43 46.15 
11 16.67 66.67 0.60 57.69 



88  V. Antwi et al 
 

 

12 40.00 73.33 0.56 38.46 
13 16.67 46.67 0.36 34.62 
14 10.00 56.67 0.52 53.85 
15 6.67 63.33 0.61 65.38 
16 16.67 76.67 0.72 69,23 
17 23.33 66.67 0.57 50.00 
Average 17.26 58.86 0.50 47.96 
Std. dev. 8.84 8.97 0.11 12.10 

 
 

Calculating gain, 
FCI %Pre100

FCI %PreFCI%Post 
gain average possible maximum

gain average actual
−

−
=>=< g  

11.050.0                                                               ±=〉〈g  
 

(std.dev.) 11.050.0 ±=〉〈g , indicates medium normalized gain, which is a measure of 
the effectiveness of the use of interactive-engagement methods in promoting 
conceptual understanding. It suggests a substantial use of interactive engagement 
methods.  
 
 
Relation between % Gain and % Pre FCI 
From fig. 1, the negative relation between % Gain and % Pre FCI; the lower the 
Per_Pre_FCI the higher the Per_Gain values and vice versa.  

 
 

 
 

Figure 1: Percentage Gain versus percentage pre FCI (Per_Gain vrs Per_Pre_FCI). 
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Mechanics Baseline Test (MBT) 
Table 3 showed the correlation that existed between %Post FCI and % MBT. MBT is 
designed to measure more quantitative aspects of students understanding than the FCI. 
It is given only as a post test. There is a positive correlation between %Post FCI and 
% MBT (r=+.597), which signifies that as %Post FCI increases, % MBT also 
increases. This is in line with Hake, that the MBT requires conceptual understanding 
in addition to some mathematical skills and critical thinking. This indicates that the 
more students have conceptual understanding, there is the tendency to improve in 
their quantitative problem skills. 

 
Table 2: Correlation between %Post FCI and %MBT. 

 
  Per_Post_FCI Per_MBT 
Per_Post_FCI Pearson Correlation 1.000 .597* 

Sig. (2-tailed)  .011 
N 17 17 

Per_MBT Pearson Correlation .597* 1.000 
Sig. (2-tailed) .011  
N 17 17 

*. Correlation is significant at the 0.05 level (2-tailed). 
 
 
 Fig. 2 showed the scatter-plot between Per_MBT (%MBT) and Per_Post_FCI 
(%Post FCI). It showed the relationship of %MBT against %Post FCI; as the %Post 
FCI increases, %MBT also increases. This suggested that as one improves in a more 
qualitative-problem of FCI, there is the likelihood for the person to improve as well in 
the more quantitative problem-solving MBT. 

 

 
 

Figure 2: A scatter-plot of %MBT against %Post FCI. 
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Conclusion 
The use of interactive engagement (IE) methods in the teaching of mechanics can 
increase effectiveness in mechanics course and promote better conceptual 
understanding in students.  
 Conceptual understanding through the use of interactive engagement approaches 
in teaching can also help in improving students’ insightful mechanics problem solving 
capabilities than the traditional lecture approach.  
 This study confirms what Hake said, that the use of IE methods in the classroom 
can increase mechanics-course effectiveness well beyond that obtained in traditional 
practice. 
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