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Abstract 

This thesis reports about Laotian students’ understanding of the concepts of 

mechanics, and students’ activities when solving physics problems in groups. 

Totally, more than 1,000 first year university students from three 

universities in Laos have been tested using two versions of the Force Concept 

Inventory (FCI) over a period of three years. The Force Concept Inventory 

was developed in the USA to test students’ understanding of mechanics 

concepts. The contexts of some questions were unfamiliar for Laotian 

students and therefore another Laotian version was constructed. We found 

that Lao students obtained a low score on the FCI. The average scores of the 

post-test ranged from 21% to 26% over the three years. The introduction of 

the Laotian version resulted in just a small improvement of the score but it 

helped the students to read and understand the questions more quickly. It 

was difficult to perceive from the answers to the FCI if the students used 

alternative conceptions however, in video recordings it could be seen that 

some students did use well-known alternative conceptions. In many cases, 

students seemed to use their everyday life experiences to find the answers to 

the FCI questions instead of referring to physics concepts. 

Group discussions were introduced in tutorial sessions for first year 

students. There were two types of group discussions. In the first type 29 

groups solved end-of-chapter problems and three groups were recorded. One 

group described the physics theory of the problem before they selected 

equations and successfully solved the problem. Students in this group were 

not afraid to raise disagreements; they asked questions and took turns 

answering them which resulted in a fruitful discussion. The other two groups 

made the major mistake of not considering that the object moved with 

constant speed. Students suggested equations to use without giving any 

arguments based on physics theory. Both groups got stuck and needed help 

from the teacher. It was found that the problem solving strategy in the 

physics textbook did not include the important step of describing the physics 

theory and could actually encourage students to start looking for equations 

without first describing the physics. 

In the second type of group discussions 52 groups discussed qualitative 

multiple-choice questions. Seven groups were recorded and 14 students and 

three teachers were interviewed. In the group discussions most students co-

constructed an answer. However, the students in general did not seem to 

come to an understanding of the physics concepts and the follow-up 

discussion in class was essential for a better understanding. To improve the 

discussions, the students need more time and should also be taught about 

working in groups. 

The thesis is concluded with a section on the implications for education in 

physics in Lao PDR. 
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Sammanfattning 

Denna avhandling rapporterar om laotiska studenters förståelse av 

mekanikbegrepp och studenternas aktiviteter under gruppdiskussioner av 

fysikproblem. Totalt har mer än 1000 första-års-studenter från tre 

universitet i Laos testats med två versioner av Force Concept Inventory (FCI) 

under tre år. Force Concept Inventory utvecklades i USA för att användas vid 

undersökningar av stundernas förståelse av mekanikbegrepp. Vissa av 

frågorna har en kontext som är främmande för laotiska studenter och därför 

konstruerades en laotisk version av testet. Vi fann att laotiska studenter 

erhöll låga resultat på FCI-provet. Medelresultatet på provet som gavs efter 

mekanikundervisningen låg mellan 21 % och 26 % under dessa tre år. 

Införandet av en laotisk version resulterade endast i en mycket liten 

förbättring av testresultaten men det hjälpte studenterna att snabbare läsa 

och förstå frågorna. Det var svårt att utläsa ur svaren till FCI-testet om 

studenterna använde alternativa begrepp men i videoupptagningar använde 

några studenter välkända altenativa begrepp. I många fall verkade 

studenterna använda sig av vardagserfarenheter för att hitta svar till FCI-

frågorna i stället för att använda sig av fysikbegrepp. 

Gruppdiskussioner introducerades under räkneövningar för första-års 

studenter. Det var två slags gruppdiskussioner. I den första formen löste 29 

grupper läroboksproblem och tre spelades in på video. I en av grupperna 

beskrevs den bakomliggande fysiken i problemet innan de valde ut 

ekvationer och framgångsrikt löste problemet. Studenterna i denna grupp 

var inte rädda för att ta fram meningsskiljaktigheter, de ställde frågor och 

turades om att besvara dem vilket resulterade i en givande diskussion. De 

andra två grupperna hade som sitt största misstag att de inte tog hänsyn till 

att föremålet rörde sig med konstant hastighet. Studenterna föreslog vilka 

ekvationer som skulle användas utan ge några fysikargument. Båda 

grupperna körde fast och behövde få hjälp av läraren. Det visade sig att den 

problemslösningsstrategi som finns i läroboken saknar det viktiga steget att 

beskriva fysikenoch den kan faktiskt uppmuntra studenter att börja leta efter 

ekvationer utan att först beskriva fysiken 
I den andra formen av gruppdiskussioner diskuterade 52 grupper 

kvalitativa flervalsfrågor. Sju grupper spelades in och 14 studenter samt tre 

lärare intervjuades. I nästan alla grupper arbetade studenterna gemensamt 

fram ett svar. Emellertid verkade studenterna i allmänhet inte komma fram 

till en korrekt förståelse av mekanikbegreppen under gruppdiskussionen och 

den efterföljande diskussionen i helklass var väsentlig för att studenterna 

skulle få en bättre förståelse. För att förbättra diskussionerna behöver 

studenterna ges mer tid och också undervisas om grupparbete. 

Avhandlingen avslutas med att visa vilka implikationer för fysikunder-

visning i Laos som följer av denna studie. 
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Abbreviations 

FCI Force Concept Inventory 

GFCI Gender Force Concept Inventory 

Lao PDR Lao People’s Democratic Republic 

LFCI Lao version of the Force Concept Inventory 
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Chapter 1. Introduction 

The Lao People’s Democratic Republic (Lao PDR) is a landlocked country in 

South-East Asia, bordering Vietnam, China, Myanmar, Thailand, and 

Cambodia. Lao PDR has five universities. The National University of Laos 

(NUOL), located in Vientiane capital, was the first university established in 

1996 and was created by merging several higher education institutes. The 

other younger universities are spread out around the country: Champasak 

University is located in the south, Souphanouvong University is located in 

the north of the country, the Medical University is located in Vientiane 

Capital and Savannakhet University is located in the centre of the country.  

Education at the National University of Laos was from 1996 to 2008 

divided into two main parts: a one-year School of Foundation Studies (SFS) 

program and four-year or longer programs in the different faculties (Natural 

Sciences, Social Sciences, Forestry, Engineering etc.). The SFS program had 

the task of improving students’ knowledge of natural and social sciences in 

order to prepare them for future studies at the different faculties. The SFS 

natural science stream had a compulsory Physics Foundation Studies course. 

Students who wanted to study at the Science, Architecture and Engineering 

faculties had to get a high score in physics, while the students who wanted to 

study at other faculties just had to pass this course. In 2009 the university 

changed to a new system. First year students now go directly to the faculty 

they choose. The SFS program still exists but it is now located within the 

different faculties.  

Teaching in Lao PDR is very formal and theoretical both in high schools 

and at universities. Teachers mainly discuss mathematical formulas and 

train students to do theoretical exercises. The students spend a lot of time 

solving problems individually during the tutorial sessions. Individual 

problem solving has both strengths and weaknesses. In my experience the 

main strength of individual problem solving is that it fosters independence 

in students to use their ability and knowledge when they solve problems and 

prepare for lessons before study in class. On the other hand, students solving 

problems by themselves could waste time when they get stuck with the 

difficult problems; they could lose confidence and become bored with solving 

physics problems.  

The percentage of SFS students who do not pass the introductory course 

has increased every year. For example, the percentage of students that did 

not pass the physics course was about 16% in the academic year of 2003–

2004, in the academic year  2004–2005 it was about 21%, and in the 

academic year 2005–2006 it was about 24%. There are many hypotheses as 

to the reason for this problem, for instance that students do not understand 

the concepts of physics, or students do not like to study physics and so on. I 
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have also heard from many students that physics is a very difficult subject to 

study and that students do not like to study physics. If we compare the 

number of physics students who choose to study physics each year to the 

number of students in other departments in the Natural Science Faculty at 

NUOL, we see that it is smaller showing that students do not like to study 

physics. Consequently, this situation inspired me to think about how this 

problem could be solved. Could a solution be to change teaching methods 

from solving problems individually to group discussions of problems in 

class?  

Typically, in the tradition of Lao culture, Lao people like to help each 

other by sharing ideas and working in groups in different areas. This is true 

both for people who live in rural areas and those who live in urban areas. For 

example: Farmers who work in the fields like to help each other when they 

plant and harvest rice. Teachers and students in different schools must work 

together to clean offices and the environment around their official building 

when important days (National days etc.) are approaching. I quite often find 

that students from the Natural Science Faculty solve problems together 

before they study in class. Students sit around a table outside the class or 

when they have free time. I quite often see informal cooperative groups of 

students and especially before the final exam these groups can be found 

spread out around the physics building. This situation challenged me to 

think about whether group discussions could be a suitable method to use 

when students are to solve physics problems in class.  

The purpose of this thesis is to investigate the students’ understanding of 

mechanics concepts and to describe the effect of introducing group 

discussions in the tutorial sessions when students solve mechanics problems.  

A brief history of my education from childhood until I became a 

physics teacher 

I was born in a middle class family in Vientiane province about 70 km from 

Vientiane Capital. My father passed away when I was three years old and I 

have two younger brothers. At that time I was not aware of many phenomena 

in our daily life that were related to physics. When I was young my brothers 

constructed many toys themselves. For instance, they used a small piece of 

wood tied to the end of a string and when they played with it they held on to 

the string and swung the piece of wood in a circle above their heads. If the 

person let go of the string, the toy left the circular path. Later, I would 

encounter this phenomena when studying circular motion in physics and it is 

has also appeared in a standard test that I have used in this study.  

I do not know when I became interested in physics, but I remember well 

an explanation given by a teacher when I studied science in the fifth year of 

primary school (grade 5). She explained that it would take a longer time to 

boil an egg in the lowland than in the upland because the atmospheric 



 

3 

pressures of the two places was different. At that time, I did not understand 

at all about atmosphere and pressure, but I became interested in boiling eggs 

in different circumstances. The equipment was not difficult to find and I 

thought that I could do that experiment if I got the chance. I saved this idea 

in my mind for the future.  

When I finished my studies in lower secondary school in my hometown, I 

was selected to study in a country abroad.  Unfortunately my cousins did not 

allow me to live far from my family and according to Lao culture women 

must stay at home and take care of the house. In my case, I am the only 

daughter in the family, so I had to stay at home and take care of my mother. 

My cousins explained their reason to me, but I didn’t want to do what they 

told me because I wanted to study more. Nevertheless, I would have to listen 

and follow the suggestions of my cousins and I decided to stay at home with 

my mother.  

About one month later my uncle heard about my problem and he came 

with his family from Vientiane to visit my family. When my uncle met me, he 

asked me “Do you want to stay at home?” I answered him “No, I want to 

study” He continued to ask me about where I wanted to study. I said that I 

did not know and I asked him to give me some suggestions. He asked me “Do 

you want to become a teacher?” I answered him “I don’t know.” He said that 

I should know what I want to do so I asked him about teachers’ activities and 

my uncle explained about the main activities of a mathematics teacher 

because he was himself a mathematics teacher. Finally, I decided to study at 

Teacher Training College (TTC), and he also advised me to choose the 

science stream. 

When I studied on the Natural Science stream at TTC I lived in a 

dormitory with other female students. At that time I worried about 

everything because the place was new to me and I did not know anyone. It 

was the first time I had lived far from my family. Many questions came into 

in my head: Can I study with them? How can I live with them? And so on. I 

was not self-confident but the leader of the dormitory helped me with 

everything and introduced me to my friends in the class. I felt much better 

when I got smiles from my new friends in the class and also from the teacher.  

In the first lecture, the teacher advised the students about learning. He 

said “You shouldn’t worry about your studies. If you have problems you 

should discuss with your friends and with me”. He explained that during the 

day-time all students must study in classes with teachers and during the 

evenings (after dinner) students should use one to two hours to solve 

problems together, help each other to understand the lessons of the day, and 

also prepare the lessons for the next day. 

My friends and I worked in informal groups quite often solving problems 

in the evenings but it was only in the laboratory we worked in formal groups, 

which were also used when we made reports. From those activities, I gained 
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the experience that discussions in groups made me understand the concepts 

of each science subject better than when I studied by myself.  

After I finished my studies at TTC, I was assigned to the volunteer 

teachers’ group and this group had to go to work in lower secondary schools 

in the north of the country. I wanted to join my friends in this work but I 

could not do that because I had to go home to stay with my mother. I spent 

some time trying to decide which way I should go. My teachers suggested a 

third choice: to continue to study at the Pedagogical University in Vientiane 

capital. Finally, I decided to go there and my uncle told me that I should 

study mathematics, or physics, or chemistry, because I had top scores in 

these subjects. It was the opposite of my own ideas because I wanted to study 

the English language, but my uncle only said no. In the end I decided to 

study physics and become a physics teacher. 

I was to study for four years at the university and I began to worry about 

different things again, such as the fact that the content of the subjects was 

deeper, and more difficult to understand than at the TTC, but I felt happy 

when my friends and I could help each other with our studies and other 

things. I tried to learn everything I could from teachers and friends about 

studying and teaching, and I also felt happy when I could combine physics 

concepts from three sections of the course. For example, we could use some 

physics theories from lectures to solve problems in the tutorials and we could 

use this knowledge to understand phenomena when we did experiments in 

the laboratory sections. The most important thing was that my friends and I 

quite often discussed course content in informal groups outside of class and 

before final exam. 

I had one more experience of informal group discussions, when I studied 

for a Masters degree at the Physics Department at Chiang Mai University 

(Thailand) in 1995-1999. I found that group discussions helped me to solve 

problems and understand physical concepts, and I could also formulate 

mathematical models for physical phenomena. These situations inspired me 

to think about whether group discussions are suitable to use when students 

solve physics problems in class. I believe that this method is a way to 

improve students’ understanding of physics concepts. Students have the 

chance to discuss physics concepts together and they can share ideas with 

their friends and teacher.  

I had another experience of group discussions in class when I studied 

English language in 2001-2005. When the teacher finished lecturing, 

students could ask if they were not clear about some points in the book or 

lesson. After that the teacher told students to work in groups of two to four 

students to discuss the exercises at the end of each chapter for about ten to 

fifteen minutes. Each group had to present and show the answer they had 

selected before the teacher showed the correct answer to students. I thought 
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that this activity should be applied to first year students when they solve 

physics problems. 

The experience of physics teachers in Lao PDR 

The subject of physics is a compulsory course in high schools and also in the 

School of Foundation Studies. A high school teacher told me in an interview 

that many Laotian students study physics in high school without any greater 

interest. They just want to pass and get a high mark. After they have studied 

many lessons in class and listened to teachers explaining many examples 

(sometimes related to phenomena in their daily life), some students become 

interested in physics. Four university physics teachers who were interviewed 

said that they never thought that they would become physics teachers when 

they finished their studies, because all of them thought that the subject 

physics was very difficult to understand, difficult to study and also difficult to 

explain to others. I would like to exemplify some of the experiences of these 

physics teachers. 

All the teachers interviewed said that they did not know when they 

became interested in physics. One of the teachers said that he felt an interest 

in physics after he finished high school. He told me that one time he wanted 

to use a flashlight but it did not work because it did not have any batteries. 

Therefore he went to the shop to buy batteries.  

When he got two batteries from the shopkeeper he put them in the torch, 

but it did not work. The shopkeeper suggested that he had a broken lamp but 

another customer opened the torch, checked the batteries and then the torch 

worked again. The customer said to the boy: “You had put in the batteries in 

an incorrect way”. The boy felt shy and was angry with himself. He thought 

that he must know what happens inside the flashlight and why did it work 

when they put two batteries inside? He also wanted to know about the 

electrical circuit inside the torch and after that time he wanted to study 

physics.   

This teacher said that he never thought he would become a physics 

teacher because after finishing secondary school he was selected to study in a 

country abroad. However, he could not wait for such a long time and his 

parents also wanted him to study at the Pedagogical University in Vientiane. 

Finally, he decided to study at that university. He feels happy when he is able 

to explain some physics knowledge related to real life phenomena to 

students who do not know or misunderstand physics concepts. He wants to 

be a physics teacher forever.  

Two teachers said that they became interested in physics when they 

studied at a pedagogical university. One teacher studied in Russia while the 

other teacher studied at the pedagogical university in Laos. They had quite 

the same feeling, that after they had studied a phenomenon during lectures, 

solved problems, and done some experiments in the laboratory, they 
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understood that phenomena and could relate it to phenomena in real life. 

Now they enjoy teaching when their students are interested in physics and 

like to discuss with them.  

The last teacher explained that she did not know when she became 

interested in physics but she remembered that she became physics teacher 

after someone suggested to her that she take such a position. She studied at 

the TTC to become a teacher in general subjects in compulsory school. When 

she had finished her studies, one of her teachers gave her the opportunity to 

teach mechanics in the first year at a secondary school. 

The organisation of physics studies in Lao PDR 

As already stated at the beginning of this chapter, teaching in Lao PDR is 

very formal and theoretical, both in high schools and universities. Teachers 

at high schools mainly discuss physics in terms of mathematical formulas 

and the students are only trained to solve problems by calculation. Many 

teachers use only words and the blackboard in their teaching. 

Demonstrations and physics experiments are very rare at high school. 

Physics is one of the compulsory courses in high school. Students study 

physics 3 hours per week (lectures and exercises), and they begin by studying 

mechanics in grade 9. In grade 10 they study thermodynamics, vibrations 

and waves, while electricity, optics and nuclear physics are studied in grade 

11. 

Physics is known to be an important subject in natural science that helps 

students understand natural phenomena that happen in our everyday life. 

This is even more important for students at university level. However, it 

turns out that many students come to study at higher education with rather 

weak knowledge in physics. In order to assuage this problem, the universities 

created the School of Foundation Studies (SFS) which has been described 

above.  

In the physics course of the SFS, students have one lecture and one 

tutorial each week and a lab session every second week. Since this thesis 

project has involved several interventions in the tutorials, I will describe 

them in somewhat more detail. Tutorials are practiced in one single room 

and last about 90 minutes. In a traditional tutorial session the teacher 

usually starts by explaining the important points of the last lesson that are 

related to the end-of-chapter problems. Next, the teacher solves some 

problems to show the students some examples. These activities take about 

30 minutes and after that the students solve problems and answer questions 

from the textbook on their own. The students spend a lot of time solving 

problems individually (or copying the solutions from their more clever 

peers) during the tutorial sessions. While the students are solving problems, 

the teacher walks around and tries to stimulate the students who don’t 

understand the questions or cannot solve them, or those who feel too shy to 
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ask about them (if they need some help). The students can solve about 4 to 5 

questions during the tutorial and they are then advised to continue on their 

own to solve the remaining questions.  

The students in the second, third, fourth and fifth year of physics studies 

at the university do not have any tutorial sessions. The teacher sometimes 

uses part of the lecture session to discuss the problems of each chapter with 

students. Teachers show some examples to students and they are then 

advised to solve the remaining problems themselves.  
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Chapter 2. Background  

In this section I describe some previous research findings relevant to my 

research. I focus on students’ understanding of the concepts in mechanics, 

on the use of the Force Concept Inventory and on some research on group 

discussions in class. I also describe some problem solving strategies.   

Students’ understanding of concepts in mechanics  

Many researchers have investigated students’ understanding of the concepts 

of physics. Van Heuvelen (1991) explained that many studies in physics 

education revealed that simple instruction failed to achieve the objectives. 

He explained that the students leave their courses with about the same status 

as those students entering the course. Since the 1970’s a great amount of 

educational research has focused on the ideas students have in relation to 

scientific concepts (Driver, 1989; Hestenes, Wells, and Swackhamer, 1992; 

McDermott, 1984; Sabella, 1999; Halloun and Hestenes 1985; Bayraktar, 

2009). These ideas have been described as “misconceptions”, “alternative 

conceptions” or “commonsense beliefs”. Some researchers describe students’ 

misconceptions as rather fixed, theory-like conceptions while others see 

them as alternative ways of seeing things that are appropriate in different 

contexts.  

The most commonly observed alternative conceptions or commonsense 

beliefs related to mechanics are the following: 

 
1. Students believe that heavier objects fall faster than lighter ones 

(Bayraktar, 2009; Hestenes et al. 1992; McDermott, 1984). 

2. Students often interpret interaction via a conflict metaphor, where 
strength is attributed to those who are bigger, heavier, or more active. 
Objects with greater mass, or a more active object are thought to 
exert a greater force (Bayraktar, 2009). 

3. Students sometimes think that when a force acts on an object the 
object gains what is called impetus. When the force does not act on 
the object any longer the impetus is thought to remain but to 
diminish. The object continues to move until the initial “force” 
(impetus) is used up (Bayraktar, 2009; Hestenes, et al. 1992). Some 
students also believe in a circular impetus. Hestenes et al. (1992) 
explain it with a “training metaphor”; the students think that the 
objects tend to do what they have been trained to do. 

4. Students believe that a force is needed to keep an object moving. As a 
consequence they think that it should be a force in the direction of 
motion (Bayraktar, 2009; McDermott, 1984).  
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5. Students cannot discriminate between position and velocity and 
between velocity and acceleration (Hestenes et al., 1992; McDermott, 
1984). 

 

Clement (1982) used written tests and video-taped interviews to show that 

many physics students have an alternative view of the relationship between 

force and acceleration. Many students applied the idea that continuing 

motion implies the presence of a continuing force in the same direction as 

the motion; the “motion implies force” misconception. Clement also noted 

that it is not likely that this misconception disappears simply because 

students are exposed to a physics course. Newtonian ideas can be 

misperceived or distorted to fit students’ existing preconceptions or they 

may be memorized separately as formulas with little connection to the 

fundamental concepts. When misconceptions arise it is, according to 

Clement, necessary for the student to express them and to actively work out 

their implications.  

Von Aufschnaiter and Rogge (2010) criticize research about 

misconceptions because this research often regards conceptions as 

something students possess. Von Aufschnaiter and Rogge focus on how 

students establish and use conceptions. They call it an explorative approach 

when students argue in a way that indicates that they have no conceptual 

ground and only describe what they observe. When the students have 

grasped some idea of the underpinning rules but do not explicitly refer to 

these rules they call it an intuitive rule-based approach. For both these levels 

of understanding they use the notion “missing conceptions” and they find it 

more promising to focus on missing conceptions than on misconceptions. 

Von Aufschnaiter and Rogge (2010) also conclude that some misconceptions 

can occur as a result of repeated experiences with phenomena of the 

everyday world. They point out that all model-based concepts are difficult for 

students and an effort to utilize everyday experiences can create 

misconceptions.  

An interesting study has been carried out on intuitive physics knowledge, 

called the sense-of-mechanism by diSessa (Sherin, 2006). Sherin used 

diSessa’s complex system to describe the result of his study; he looked for the 

sense-of-mechanism in the problem-solving behaviour of moderately 

advanced students. He found that intuitive knowledge can be an important 

part of problem solving and he advocates that instruction should not 

confront and replace intuitive knowledge. Instead, instruction should 

support and refine intuitive knowledge which could be done in connection to 

problem solving. 



 

10 

Force Concept Inventory 

In this study, I want to know about students’ understanding of concepts of 

mechanics. Therefore, I have chosen to test students using the well known 

Force Concept Inventory (FCI). Hestenes et al. (1992) designed the Force 

Concept Inventory to probe students’ beliefs related to concepts of 

mechanics. The FCI is a multiple-choice test, consisting of 30 questions that 

cover central concepts of Newtonian mechanics. The students do not need to 

make any calculations to answer the questions in this test. The non-correct 

answers correspond to common student misconceptions that have been 

found in physics education research. The wrong answers to the FCI can 

provide information about students’ alternative conceptions and those 

answers can then be an important starting point for teaching in mechanics 

(Savinainen and Scott, 2002b). 

Many researchers have investigated students’ understanding of mechanics 

concepts using the FCI test as a tool (Halloun, Hake, and Mosca, 1995; 

Hestenes, Wells and Swackhamer, 1992; Savinainen and Scott 2002a; 

Savinainen and Scott 2002b). Savinainen and Scott (2002a) regard the Force 

Concept Inventory as an important tool in physics education. They conclude 

that the FCI allows the teacher to analyse students’ thinking in terms of 

particular alternative conceptions and in this way the teacher is in a better 

position to plan and to implement new stages of teaching. In a second paper 

Savinainen and Scott (2002b) show that in a Finnish school teaching with a 

conceptual focus, use of interactive approaches and research-based 

instruments such as the FCI enhanced the learning of the students. 

McCullough, (2001) studied Gender, Maths and the FCI. Three hundred 

non-physics students were given one of two versions of the Force Concept 

Inventory. She examined how a mathematics background may interact with 

gender on this assessment instrument. The study suggested that for this 

population, maths preparation has little effect on FCI scores, nor was there 

any perceived interaction between maths preparation, gender, and FCI score. 

Hake (1998) collected FCI scores from colleges, high schools and 

universities in which the FCI has been used both as a pre-test and a post-

test. He showed that interactive-engagement methods can increase the 

effectiveness of the teaching of mechanics courses. The average score of the 

pre-test ranged from 20% correct answers in some high schools up to 50% 

correct answers in some universities, and in a few prestigious universities the 

average score reached 70%.  

Unfamiliar Context of the Force Concept Inventory  

Many studies have examined the role of context in some questions of the FCI 

when students answer the multiple choice questions on Newtonian 

mechanics. These ideas have been described by several researchers (Ates and 

Cataloglu, 2007; Dufresne, Leonard, and Gerace, 2002; McCullough, and 
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Meltzer, 2000; Morris, Branum-Martin, Harshman, Baker, Mazur, Dutta, 

Mzoughi, and McCauley, 2006; Palmer, 1997; Rebello and Zollman, 2004; 

Schecker and Gerdes 1999; Stewart, Griffin, and Stewart, 2007).  

McCullough and Meltzer (2000) remarked that the questions in the FCI 

had contexts that appear stereotypically male and that it was administered in 

the male-dominated social contexts of the physics classroom. What if these 

contexts were changed to be less male-oriented? McCullough and Meltzer 

therefore modified a gender-oriented version and gave their version the 

name Gender Force Concept Inventory (GFCI). In the GFCI version female 

and daily-life contexts are used instead of the male and school-oriented 

contexts of the original. McCullough and Meltzer found that the students 

obtained a better score with the GFCI than with the original FCI. 

Schecker and Gerdes (1999) have examined the role of context in some 

questions from the original FCI. They gave the example of a question related 

to a golf ball flying through the air where the students were asked about 

which forces were acting on the ball. The students were also given a question 

describing a football player that shot against a goal. Even in this case the 

students were asked about the forces acting on the ball. Even though the 

physics is identical in the two questions, twice as many students answered 

the latter question correctly. This shows that the context may have a strong 

influence when students answer the questions in the FCI. 

Group discussions in class 

To learn is to transform new ideas presented in a social situation (e.g. a 

teacher talking, a parent explaining, a group of friends talking) into an 

individual meaning making (Mortimer and Scott, 2003). If the student finds 

what is said to be unfamiliar the learning is demanding and the student has 

to work a lot with the ideas. Barnes and Todd (1995) point out that one of the 

most important ways of working on understanding is through talk. To study 

with group discussions seems to promote both interest and understanding of 

concepts and principles of physics (Ho and Boo, 2007; Springer, Stanne and 

Donovan, 1999; Benckert and Pettersson, 2008). Students then get a chance 

to discuss physics together and they can exchange ideas with their friends 

and with their teachers. Discussion in small groups encourages the 

exploration of ideas and group discussions can be a good way to work with 

demanding and unfamiliar ideas. Gödek (2004) explains that teachers could 

describe discussion techniques to encourage collaborative learning and in 

the same way teachers could activate children’s thinking by exploring ideas; 

they could ask questions and encourage the children to try to solve problems 

together.  

Group discussions have been used in physics teaching to enhance student 

learning (Alexopoulou and Driver, 1996; Benckert and Pettersson, 2008; 

Gautreau and Novembsky, 1997; Heller and Hollabaugh, 1992; Heller, Keith, 
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and Anderson, 1992; Tao, 1999). Benckert and Pettersson (2008) found that 

group discussions could lead to stimulating and knowledge building 

discussions which helped the students to improve their understanding of 

physics concepts. On the other hand, they also found that too little 

knowledge of actual physics and bad functioning of the groups could hinder 

a fruitful discussion in the group.  

Cohen (1994) defined cooperative learning to be when students are 

working together in a group small enough to allow everyone to participate. 

Johnson, Johnson, and Holubec (1994) explain that the essential 

components of cooperative learning are positive interdependence, promotive 

interaction, individual accountability/personal responsibility, and small-

group skills. Positive interdependence means that the students should 

understand that they can succeed with their learning goals only if all group 

members attain their goals. Promotive interaction refers to students 

facilitating each other’s success. Individual accountability/personal 

responsibility exists when the performance of each individual student is 

assessed and the results are given back to the individual and to the group, 

which holds each person responsible for contributing a fair share to the 

group’s success. Small-group skills mean that the students know and trust 

each other, communicate accurately, accept and support each other, and 

resolve conflicts constructively.  

Common ways to structure individual accountability according to Johnson 

et al. (1994) include: 

- Keeping the size of cooperative learning groups small. The smaller the 

size of group, the greater the individual accountability can be. 

- Giving an individual test to each student. 

- Randomly examining students orally by calling on a student to present 

the group’s work.  

- Observing and recording the frequency with which each member 

contributes to the group’s work. 

- Assigning one student in each group the role of checker who asks other 

group members to explain the reasoning and rationale underlying group 

answers. 

- Having students teach what they learn to someone else, a practice called 

“simultaneous explaining.” 

Individual accountability is a key to ensuring that all group members 

benefit from learning cooperatively. 

 

Gautreau and Novembsky (1997) describe a small-group approach to 

physics learning where they find that a “second teaching” takes place in the 
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small groups following the “first teaching” by the instructor. Heller, Keith 

and Anderson (1992) evaluated students’ problem solving performance when 

solving context-rich problems and found that better problem solutions 

emerged through collaboration in small groups than were achieved by 

individuals working alone. The group discussions improved the problem 

solving performance of students at all ability levels.  

Heller and Hollabaugh (1992) described how to design problems and 

structure groups. They found that a group size of three to four students was 

optimal for good discussion in the group. Their observations also indicated 

that groups composed of two males and one female tended to be dominated 

by the male students. They showed that a group with a high, a medium and a 

low ability student performed as well as groups consisting of only high-

ability students. They also stress the importance of organizing how the 

students sit. The students should face each other so that they can easily 

communicate with each other. 

To attain well functioning groups the students were assigned rotating 

group roles to empower the students to take actions they would not 

spontaneously perform. At the end of the group discussions the students 

evaluated the group discussion by discussing how well they had worked 

together. Interview data showed that when the students were given a chance 

to discuss how their group functioned, their attitude about group work 

improved. Heller et al. (1992) also designed context-rich problems which 

focused students’ discussions on which physics concepts and principles 

should be applied rather than what formulas should be used.  

Johnson (2001) introduced problem solving in small groups in 

introductory courses in physics at university level. Students worked in 

groups of two to four and the group members took on the roles of writer, 

leader and skeptic. The problems were similar to those in textbooks, focusing 

on conceptual and problem solving skills. Johnson presents the 

implementation and difficulties with this approach. She notes that the 

students raise questions during the group discussions that have been 

identified in the literature as important difficulties for students, often 

overlooked by texts and instructors.  

Tao (1999) describes the benefits of peer collaboration to be articulation, 

conflict and co-construction. In peer collaboration the students have to 

verbalize and make public their intuitive and emerging ideas, they have to 

articulate their ideas. The students sometimes disagree with each other and 

to resolve the conflict they have to justify and clarify their positions. Finally, 

when the students work on a problem they can co-construct shared 

knowledge and understanding. Tao analyzed if the students in the dyads 

disagreed in their approaches to the task and if they co-constructed the 

solution. He found that whereas co-construction may lead to the correct as 
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well as the wrong solution, conflicts nearly always lead to the correct 

solution.  

However successful the group discussion is, there will be a point when the 

teacher should ask the students to present their results explicitly and to 

interact with the teacher (Barnes and Todd, 1995). Benckert and Pettersson 

(2008) showed that it is important that the teacher observes students’ 

difficulties with the phenomenon and the physics concepts when the 

students try to understand the questions. The teacher should listen to 

students’ discussions to be able to consider the important questions that 

were raised and treat them in the following lecture. 

Problem solving 

Maloney (1994) wrote a review article about problem solving in which he 

identifies some main research findings and questions that still are not 

answered. He states that students who can solve standard problem do not 

always have a good understanding of the physics concepts involved. He 

describes studies that question standard problems and suggest that these 

should be replaced with exercises that more closely resemble activities of 

scientists. Maloney brings up an important but yet unanswered question: 

Should students learn physics to be able to solve problems or should the 

students solve problems to learn physics? From studies of pedagogical 

methods Maloney identifies two ways to improve problem solving. It could 

be done by teaching students a problem solving strategy or by discussing 

problems in small groups.  

Problem solving strategies have been discussed by many researchers 

(Heller, Keith, and Anderson, 1992; Reif, 1995; Van Heuvelen, 1991). Heller 

et al. (1992) has identified a five step problem-solving strategy in physics: (1) 

Visualise the problem: This step is a translation of the problem statement 

into a visual and verbal understanding of the problem situation. (2) Physics 

description: This step requires students to use their qualitative 

understanding of physics concepts and principles to analyze and represent 

the problem in physics terms. (3) Plan a solution: This step involves 

translating the physics description into an appropriate mathematical 

representation of the problem (equations of the principles and constraints), 

determining if there is enough information represented to solve the problem, 

and then specifying the algebraic procedure to extract the unknown 

variables. (4) Execute the plan:  Students use mathematical rules to obtain 

expressions with the desired unknown variables. (5) Check and evaluate: 

Students evaluate the reasonableness of their answers including: sign, units 

and the size of the number.  

Van Heuvelen (1991) described a four-step problem solving strategy that is 

very similar to the strategy of Heller et al. (1992). However, Van Heuvelen 

does not discuss the importance of evaluating the answer. Reif (1995) had a 
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more compact problem solving strategy with only three steps and he 

emphasized to decompose the problem into simpler subproblems.  

The problem solving strategy in the physics textbook 1 (Phonekeo, 

Luangrath, Bounma, and Volachack, 2002) of the Physics Department at 

NUOL is divided into more detail than the other strategies and has seven 

steps: (1) Read the text carefully and analyze the issues, write some data that 

are given and mark some things to find. (2) Draw a picture that represents 

the phenomena. (3) Select equations to use in the calculations. (4) Put in 

numbers in the equations and calculate (5) Check the units in the equations. 

(6) Check that the calculations were correctly done. (7) Is it a reasonable 

answer? A step concerning physics description is missing when we compare 

this problem solving strategy with that of Heller. We understand that this is 

an important and necessary step for students before they solve physics 

problems. 
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Chapter 3. Aim and research questions  

The main aim of this thesis, as was presented in the introduction, is to 

investigate the students’ understanding of the concepts of mechanics, and to 

describe the effect of introducing group discussions in the tutorial session 

when students solve mechanics problems. Consequently, I have formulated 

two main research questions:  

1. How do the students understand mechanics concepts? 

2. What are the problems and possibilities with introducing group 
discussions in a physics course in Lao PDR? 

These very broad and general research questions have been narrowed 

down to more specific research question in each paper. 
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Chapter 4. Methods  

The data collected in this study was gathered from the School of Foundation 

Studies (SFS) of three universities (National University of Laos, 

Souphanouvong University, and Champasak University) in Lao PDR. The 

activities of each year are shown in table 2. The study of collaborative group 

discussions in class was done with SFS students at NUOL.  

Description of the organisation and the development of this thesis 

project 

This thesis is based on two projects. The first project has focused on 

students’ understanding of mechanics concepts and the second project has 

focused on how students solve problems by group discussions in class. In 

2006, we tested the understanding of mechanics concepts of SFS students at 

three universities (13 classes) using the Force Concept Inventory (FCI, see 

appendix A). Some results from this study were presented in paper I. We 

found that students had problems understanding the context of the FCI 

questions. During the year I was able to get some explanatory feedback from 

students when I interviewed them. They said that it was difficult to 

understand the context of a question that talked about ice hockey. Many 

students claimed that they could not imagine the phenomenon of that 

question because they did not know this kind of sport. 

In the year 2007, we tried to make the questions easier to understand by 

adding some pictures to the FCI questions and mathematical notations to 

some of the alternative answers (such as, “F>P” as a complement to “The 

horizontal force is greater than the weight of the couch.”). In this way we 

hoped to help the students to grasp the meanings of the different alternatives 

more quickly. We named this test the Picture version of the Force Concept 

Inventory (PFCI). We also constructed a Lao version of the Force Concept 

Inventory (LFCI) by changing the context of sixteen questions of the FCI. 

Fourteen of these questions we took from the Gender Force Concept 

Inventory (GFCI). In two questions we tried to create a Laotian context. Note 

that the physics should be the same in each question even though the context 

was changed. 

In 2007, we sent the three versions of the FCI (FCI, PFCI, and LFCI) to 23 

classes of SFS students at three Universities. The FCI, PFCI and LFCI were 

translated to the Lao language before they were given to the students. My 

main aim was focused on the students’ understanding of the FCI questions 

when they were put in another context. It was found that the average scores 

of the post-test of the FCI and PFCI were quite the same while the average 

score of the LFCI version was somewhat higher than the other two versions. 
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Some results from this investigation were presented in papers II and V. The 

latest version of the LFCI can be found in appendix B, however when we 

tested students in 2007 and 2008 we used the first version of the LFCI. 

There is only one version of the PFCI since it was used only once.  

In 2008, I decided to send two versions of the FCI test (FCI and LFCI) to 

the SFS students at NUOL. This time, 9 classes of SFS students participated. 

Group discussions were organised in the classes in this year because I 

wanted to see if students’ understanding of the concepts of physics improved 

after they had chance to share ideas with their friends when they solved 

problems together. I used group discussions in five classes when students 

solved the end-of-chapter problems and solved the FCI and LFCI tests, and 

both cases were recorded. Some information from this activity was used in 

paper VII. 

Students in these five classes also solved the FCI and LFCI questions by 

group discussions. In these discussions I wanted to see how students 

understood the questions in the tests and how they argued to select the 

answer. Four classes solved problems individually both with the end-of-

chapter problems and the FCI and LFCI questions in the tutorial. Some 

information from this activity was used in papers IV and V.  

In the year 2010, I continued to use group discussion in the tutorial, but 

this time students solved qualitative questions instead quantitative 

questions. There were 7 classes that participated. At the start of the tutorial 

each tutorial teacher explained some important points from the last lesson 

and then the teacher solved some example problems. The teacher then told 

the students that they should solve some problems in small groups. The 

teacher and I distributed the questions to the groups (two questions per 

group). The students had about ten minutes to discuss these two questions.  

When the group discussion session ended the teacher told the students to 

give their answers to the teacher, who wrote the students’ answers on the 

blackboard. The written answers were then given back to each group. One 

student from each group presented the reasons why they had chosen their 

answer while the other students listened. After that I explained which 

answer was correct and why. This study was presented in paper VI. 

The activities described above have been summarized in table 1 together 

with information about the number of informants and what type of data that 

were obtained. 
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Table 1. Data collection for years 2006-2010 

2006 - 10  Activities and Data 

collection 

Data acquisition 

Phase 1 

March-

May 

2006 

-75 SFS students at NUOL 
were tested by the FCI two 
times (pre-and post-tests). 

-75 students answered the 
questionnaires  

-8 students were interviewed. 

-Scores of the FCI test (pre-
and post-tests). 

-Answers from the question-
naires. 

-Audio recordings of 
interviews with students 
and 9 pp transcribed from 
the interviews.  

Phase 2  

March-

May 

2007 

-410 SFS students from three 
universities were tested by 
the FCI, and LFCI (Post-
test).  

-410 students answered the 
questionnaire.  

-34 students were interviewed. 

-Post-test’s scores of the FCI 
and LFCI from SFS 
students in three 
universities. 

-Answers from the question-
naires. 

-Video recordings of 
students’ interviews, and 
18 pp transcribed from the 
interviews. 

Phase 3  

March-

April 

2008 

-330 SFS students at NUOL 
were tested by FCI, and LFCI 
both pre and post-tests. 

-Students discussed in group 
the FCI or LFCI questions 
before they chose the 
answer.  

-Students solved the end-of-
chapter problems with small 
group. 

-330 students answered 

questionnaires. 
-8 students and 4 groups were 

interviewed. 

-Scores of pre and post-tests 
of the FCI, and LFCI. 

-Video recordings when stu-

dents solve the end-of-

chapter problems and 9 pp 

transcribed from the 

students discussions. 
-Answers from the 

questionnaires, and 9 pp 
transcribed from inter-
views. 

 

Phase 4 

January -

February  

2010 

-244 SFS students of Natural 
Science Faculty at NUOL 
solved the qualitative ques-
tions with group discussions. 

-One student per group 

presented their ideas in class. 

-Teacher showed the correct 

answer to students in class, 

and explained some reasons.  
-14 students and 3 teachers 

were interviewed.  

-Video recordings when stu-
dents discussed in groups 
and 15 pp transcribed 
discussions. 

-Video recordings of 

students’ presentation in 

class, and 4 pp transcribed. 
-Video recordings of 

teachers’ and students’ 
interview, and 12 pp 
transcribed interviews. 
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Methods of data collection 

Several methods were used to collect data in this study. I have used one 

method that gave me quantitative data, namely the test of understanding 

mechanics concepts. Three other methods gave me mainly qualitative data, 

namely the questionnaires, interviews and video recordings of group 

discussions. 

Conceptual test 

The Force Concept Inventory tested students’ understanding of the concept 

of mechanics before and after students studied kinematics and three 

Newton’s laws of motion. The FCI test was used to collect data in 2006. For 

the second data collection (2007), I used three versions of the tests 

including: FCI, PFCI, and LFCI tests to test students’ understanding of the 

concept of mechanics (pre-and post-tests). I also used the end-of-chapter 

problems and theoretical questions that tested students’ understanding of 

the concepts of mechanics when they worked in small groups in the tutorial 

session. 

Video recording of group discussion 

In the year 2008, many activities were recorded with students at NUOL. For 

example, the first video-recordings were of some group discussions of 

students while they solved the FCI and LFCI tests included pre- and post-

tests. In these recordings the group discussion was not the focus of the study 

but it was used as a tool to study students’ arguments for their answers to the 

FCI and LFCI. The group discussion process itself was studied with video 

recordings of students solving end-of-chapter problems. Participation was 

voluntary, so before recording them I asked which group wanted to be 

recorded. Five groups in different classes were recorded: about 60 minutes 

per group for students who discussed the FCI and LFCI questions and about 

50 minutes per group for students who solved the end-of-chapter problems. 

The last video-recordings were done in 2010 and recorded two kinds of 

activities. Seven groups of students in different classes were recorded while 

they solved qualitative multiple-choise questions, which was one type of 

activity. The other activity consisted of presentations from all groups in a 

class explaining why they had chosen a particular answer. The latter 

recordings were done in all seven classes.  

Questionnaires 

The third method of data collection was a questionnaire. The questionnaire 

was included in the data collection in each year, but it had a different focus 

each time. For instance, for the first data collection in 2006 the 

questionnaire focused on students’ understanding of the mechanics concepts 

of the FCI questions, for the second time in 2007 the questionnaire focused 
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on students’ understanding of the context of questions in different versions 

of the FCI, PFCI and LFCI questions. The questionnaire for this year (2007) 

consisted of 5 questions: 
1. What do you think about the FCI test? 
2. Choose one question that you think was easy to understand! Why 

was this question easy to understand? 
3. Choose one question that you think was difficult to understand! 

Why was this question difficult to understand? 
4. Did the pictures help you to understand the questions? Why? 
5. Do you think 50 minutes is a suitable time, or not to complete the 

test? Why?  

The questionnaire in 2008 focused on two main categories: students’ 

understanding of the context of different versions of the FCI and LFCI 

questions, and group discussions when students solved the FCI, LFCI 

questions, and the end-of-chapter problems in the tutorial sessions. The 

questionnaire for this year had two sets, each set consisted of 4 questions as 

shown in table 2. 

 Table 2. The questionnaire for students solving end-of-chapter 
problems in groups and individually. 

Questionnaire for students 

solving problems in group 

discussion 

Questionnaire for students 

solving problems  individually. 

1. What do you think about the 
FCI test? 

2. Choose one question that you 
think was easy to understand! 
Why was this question easy to 
understand? 

3. Choose one question that you 
think was difficult to 
understand! Why was this 
question difficult to 
understand? 

4. What were the advantages and 
disadvantages of working in 
cooperative groups? 

1. What do you think about the 
FCI test? 

2. Choose one question that you 
think was easy to understand! 
Why was this question easy to 
understand? 

3. Choose one question that you 
think was difficult to 
understand! Why was this 
question difficult to 
understand? 

4. What were the advantages and 
disadvantages of working 
individually with problem 
solving? 
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The questionnaire/interview in 2010 consisted of 5 questions: 
1. What do you think about the question/ problem you solved this 

time? 
2. Which question/problem led to interesting discussion in your 

group? Why? 
3. Do you have some comments about group work in the tutorial 

session? 
4. What did you learn from the group discussion? 
5. What did you learn from the teachers’ action and discussion in 

class? 

Interviews 

The interviews were carried out each year of the research study (i.e. 2006, 

2007, 2008, and 2010), and took about 10-20 minutes per student. It was a 

semi-structured interview in which I used the same questions as in the 

questionnaire. The interviews in 2006 were recorded by audio, and eight 

students were recorded in that time. In this year, I decided to select the two 

students who got the highest and lowest scores (one boy and one girl for each 

case) to interview because I wanted to know the opinions about the FCI test 

from students in different achievement levels. 

The interviews in 2007 were recorded by video camera, and thirty four 

students from three universities were recorded. The same procedures were 

used as in 2006 with regard to the time and structure of the interviews. The 

video-recording was done with students who got the highest scores on the 

post-test of the FCI and LFCI. According to the previous study, students who 

got the highest score could explain the reason why they thought the FCI 

questions were easy or difficult to understand, while some students who got 

the lowest score could not give any explanations when I interviewed them. 

This was the reason why we this year decided to interview only the students 

who got the highest score. 

The interview in 2008 was done with 8 students and 4 groups of students 

from NUOL. The questions for the interview were the same questions as in 

the questionnaire and the time used was about 10-20 minutes per student 

and about 30 minutes per group. This information was used in paper III. 

In 2010, 14 volunteer students and three teachers were interviewed. The 

interview questions for the teachers were different from the questions of the 

students. The questions for the teachers focused on three questions: 
1. What do you think about the qualitative question/problem the 

students have solved this time? 
2. Do you have any comments about group work in the tutorial session? 
3. How did you experience the summing up discussion after the group 

work? 

This information was used in paper VI. 
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 Methods of analysis 

Analysis of the FCI scores 

The score of the FCI test (2006) was analyzed by calculating the average 

scores of the pre-test and post-test in the different classes. If more than 10% 

of the questions were not answered (or had more than one answer) by a 

student, that student’s answers were not included in the analysis. Also, the 

students who took part in only one of the tests were omitted when the 

average was calculated so that we had matched samples when we compared 

the results from pre- and post-tests. The z-test was used to check if observed 

differences in the scores were statistically significant. The result was 

presented in paper I. 

In 2007, the average scores of the FCI, and LFCI tests were calculated for 

both the  pre-test and the post-test. Also this time we excluded students that 

had not answered more than 10% of the questions (or had more than one 

answer). Also, the students who took part in only one of the pre- and post-

tests were omitted when the average was calculated. In this way we got 

matched samples when comparing average scores of pre- and post-test. 

Since the FCI and LFCI were distributed to different classes it was not 

possible to make comparisons with matched samples. The z-test was used to 

check if observed differences in scores were statistically significant.  

We also calculated the average score of correct answers for each question 

of both the FCI and the LFCI to see if the changed context of the questions 

had any impact on the students’ answers. We then looked for questions that 

showed a significant difference in the average score between the FCI and 

LFCI versions. For questions with a difference larger than 10 percentage 

units we tried to identify possible explanations to the differences. This 

information was used in paper II and V. 

Moreover, we calculated the percentages for the different alternative 

answers of the five questions 1, 4, 7, 11, and 19. These questions were selected 

because they illustrate understanding of different physics concepts. Among 

the different given alternative answers there are answers that correspond to 

known common alternative conceptions, so called distracters. We carefully 

looked at the percentages for the different answers and discussed if the 

students showed any clear alternative conceptions. This information was 

used in paper V. 

Students’ solve problems in group 

Video recordnings of group discussions were made in three different 

situations; when students discussed the FCI and LFCI questions, when they 

solved end-of-chapter problems, and when they solved qualitative problems. 

When analyzing these recordings I always started by looking through the 
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video tape of the group discussion and noted what happened. Next, I looked 

through the tape several times and transcribed everything from the 

recording into Lao. A great deal of the transcribed group discussions were 

then translated to English to be possible to read and analyze also for my 

supervisors. 

In the case of discussing FCI and LFCI questions, we focused on if 

students have alternative conceptions in mechanics. I looked for examples 

when students referred to their everyday life experience during their 

discussions.  

The recordings of students solving end-of-chapter problems have been 

analyzed in several ways with different foci. In the preparation of papers III 

and IV we analyzed the transcriptions to see how the students cooperated in 

the groups. We checked if all students in the group participated in the 

discussion, if they listened to each other and if they gave arguments for their 

ideas. We also looked for obstacles that hindered the students in their 

cooperation.  

In paper VII we were (among other things) interested in how students 

solved the problems and we observed the students’ procedure of problem 

solving strategy such as: Do students read the problems carefully? Do they 

comment on how to understand the problem text? Do they state the 

unknown? Do they draw a picture? Is all relevant information included in 

the picture? Do they look for equations in the textbook or lecture notes? Do 

they describe the relevant physics? Do they plan a solution? Do they put in 

numbers in the equations? Do they ask the teacher for help? Do they look for 

the answer in the textbook? Do they discuss if the answer is reasonable? 

In paper VII we also had an interest in the difficulties the students 

encounter and if there were some signs of learning during the discussions. 

To find the difficulties we looked for examples in the text, when students got 

stuck or when they made some errors. To see signs of learning we looked for 

cases, when some of the students were confused and asked questions and 

their friends in the group helped them by explaining in a correct way.  

The last situation we studied was when students solved qualitative 

problems. In the video recorded group discussions we first noted if the 

students articulated their views, that is, if they verbalised their intuitive ideas 

and interpretations. Then we looked for situations when the students 

disagreed with each other when they tried to answer the questions, and if 

they then had to clarify their positions to resolve the conflict. After that, we 

checked if the students listened to each other and to what degree they co-

constructed the shared knowledge. We also looked at what problems the 

students had with interpreting physics concepts and what alternative 

concepts they used in the discussion. This information was used in paper VI.  
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Questionnaires  

The method to analyze the questionnaires was made in quite the same way 

every time. For example, I read the answers many times and noted 

everything the students had written down on the paper. I separated the 

answers into several categories and calculated the percentage of each. For 

example, in the year 2007, the questionnaire consisted of five questions. The 

students’ answers to the first question in the questionnaire were sorted into 

positive and negative comments on the tests and the motivation for these 

negative and positive comments were categorized.  

In questions 2 and 3 we told the students to choose only one question as 

easy or difficult to understand, but many students chose more than one 

question and we decided to include all suggested questions in our analysis. 

We counted how many students that had suggested each question and we 

made lists of the easy and difficult questions, respectively. Few students 

wrote why they thought the questions were easy or difficult to understand. 

To get some knowledge about this we had to rely on the interviews. From the 

last question in the questionnaire we noted how many students wrote that 

they were helped by the pictures in the test. 

Interviews with teachers and students  

The method to transcribe interviews is quite the same in general, but has a 

different focus in each year. I listened to the audio tape or looked at the video 

tape many times, noting everything the informant saids, and translated it to 

English. In each year, it had different focusing, for instant focused on the 

score of the FCI or LFCI, Group discussion in class and so on.  

In the first interview (2006), I listened to the audio tape many times and 

transcribed everything students talked and explained by Lao language. Next, 

I focused on students explained about their feeling with the FCI test, the 

questions easy and difficult to understand, and I also focused on the time (50 

minutes) were enough for them to read and select the answer of the test. In 

2007, I focused on students’ feeling about the tests because in this year, 

students were tested by FCI and LFCI versions. Another was focused on why 

questions were easy or difficult to understand or commented on the context 

of some questions. We also looked for students referring to everyday life 

experiences before they chose the answer. This information was used in the 

papers II, and V. 

In 2008, I focused on students showed their ideas about the questions 

easy and difficult to understand, the pictures in some questions helped them 

to understand the meaning of the FCI, and LFCI questions, and I also 

focused on the time again, because in this year students were added the time 

about ten minutes more (from 50 to 60 minutes). In this year, I also focused 

on students’ feeling about group discussions. After that, some information of 

this year was selected to answer a research question in paper IV. 
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In the transcribed interviews with the teachers in 2010, I looked for the 

teachers’ observations of how the group discussions functioned, and for the 

possibilities they saw with this teaching method. In the interviews with the 

students I focused on the students’ opinions about solving problems in 

groups, what they thought about the questions, and what experiences they 

got during the discussions. I then identified the problems and possibilities 

with group discussions that were mentioned during the interviews. 

Reflections on the methods used and my role as a researcher 

After the first use of the Force Concept Inventory we questioned its validity 

since students complained that they could not understand many of the 

questions. That is the reason why we constructed a Lao version but it showed 

the same low score. The results are confirmed by video recordings of 

students’ discussions of FCI questions and other problems. On the other 

hand, it is clear that some students misunderstood some questions in the 

LFCI. This is a risk with written tests that has been discussed by Schoultz, 

Säljö and Wyndhamn (2001). They advocate that interviews should be used 

to get a better picture of students’ conceptual understanding. 

The results from the qualitative studies of group discussions have been 

obtained by several methods that both confirm each other and give a deeper 

understanding of some observations. I would say that these studies fulfil the 

pragmatic validity criteria, i.e. the research has a value for educational 

practise. The results have been communicated to the teachers who have 

obtained valuable information on the possibilities and problems to use group 

discussions with first year students at NUOL. 

A lot of text has been translated between Lao and English in this study and 

translations are always a serious source of misunderstandings. The two 

versions of the FCI had to be translated from English into Lao before they 

could be used with the Lao students. I made a first translation and it was 

then checked by two of my colleagues at NUOL. 

The translations of transcripts from interviews and video recordings were 

done by myself and probably contained some errors in the English. However, 

many long and intensive discussions of these transcripts over and over again 

with my supervisors made the translations improve with time. 

I am a physics teacher at the university where I have made most of the 

studies. This has of course affected the results obtained but I think it is 

mainly in the positive direction. When I made semi-structured interviews 

with teachers at the other two universities, I got only short answers to my 

questions. It was not possible to get the teachers to elaborate on their 

answers. The situation was quite different in my home university where the 

interviewed teachers described in detail their views about physics teaching 

and added a lot of information in the answers to my questions. The 



 

27 

interviews turned into conversations and I had to be careful and not impose 

my views onto the other teachers. 

The situation was similar when I interviewed students. The students at 

NUOL gave me a lot of information but students at the other universities 

gave only short answers. The latter students came from rural areas and were 

shy to talk with a foreign person, especially someone coming from the 

capital. The students from NUOL had more self-confidence and talked a lot 

even though they did not know me. 
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Chapter 5. Summary of the articles 

Article I: An Analysis of the Students’ Perceptions of Physics in 

Science Foundation Studies at the National University of Laos.  

This article presented the situation of physics teaching and learning on the 

Science Foundation Studies program (SFS) at the National University of 

Laos (NUOL). The study focused on students’ understanding of the concepts 

of mechanics and the situation of the laboratory work activities. The research 

tools used in this study were the Force Concept Inventory test, interviews 

and questionnaires. 

The test was translated into Lao before it was sent to 75 students. They 

had to answer the test two times (before and after they studied Kinematics 

and the three Newton’s laws of motion). The students had about 50 minutes 

to answer the test and after that they had about 10 minutes to fill in a 

questionnaire about the FCI test. Eight of the students who got the highest 

scores were selected to be interviewed. It was a semi-structured interview 

based on the five questions from the questionnaire that the students had 

already answered and lasted about 10-15 minutes per student. This included 

their feelings about the FCI test, questions that were easy and difficult to 

understand and time available for working with the FCI test. The students 

were also encouraged to express their opinion about the form of the test. 

The average scores of the pre and post tests were calculated. If more than 

10% of the questions were not answered, or had more than two answers by a 

student, that students’ answers werewas not included in the analysis. Also, 

the students who took part in only one of the tests were omitted when the 

average was calculated. The z test was used to check if observed differences 

in scores were statically significant.  

The results show that in an international comparison the Lao students 

reveal a low level of conceptual understanding in mechanics. They also show 

no improvement in their conceptual understanding after teaching as 

measured by the FCI test. It was also found that the FCI test is not perfect to 

use in a Lao student context. Some questions have an unfamiliar context for 

Lao students. The clearest example of this is question number 8 that talks 

about ice hockey. Lao students have no experience of a hockey puck that 

slides without friction on ice. Many students probably had to make a guess 

on this question. If the students chose the answer at random, this would give 

a 20% correct answer by chance. This is rather close to the observed 27% 

correct answers in the pre-test. 

In order to study the situation with laboratory work activities, a 

questionnaire was also used. The questionnaires were given to 428 Natural 

science students at SFS and 12 physics teachers at NUOL. The questionnaire 

to the students focused on their attitude toward laboratory work in physics 
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and the organization of laboratory activities. The questionnaire for the 

teachers asked about their perceptions of the situation with laboratory work. 

The students have little experience of laboratory work. They had 

expectations that laboratory work would be an interesting part of the Physics 

Foundation Studies Course. However, few of the students get involved in the 

actual measurements and handling of equipment during the practical 

activities. So, many of them do not feel that they learn much physics through 

laboratory work. This corresponds to their teachers’ opinions as well. 

 Article II: Using a context adjusted version of the Force Concept 

Inventory to prove Laotian University students understanding of 

mechanics. 
In this study, we investigated how much the students’ score in the Force 

Concept Inventory (FCI) could change when the questions were changed to 

another context but with the same physics content. We used both the 

original FCI and another version in which we had changed the context in the 

questions. A sample of 410 first year students from the School of Foundation 

Studies at three universities in Laos was given one of two versions of the 

Force Concept Inventory. Students had 50 minutes to answer the questions, 

along with an additional brief questionnaire that asked what the students 

thought about the test. Eight students were selected for an interview. The 

time for the interview was about 10 to 20 minutes per student.  

The results of this study suggest that the context of the questions does 

affect students’ understanding. For instance, the question number 8 in the 

FCI talks about a hockey puck but this phenomenon is difficult to 

understand for students who live in warmer climates. Another question in 

the FCI talks about a student that puts his bare feet on the knees of another 

student. This is a strange behaviour for Laotian students because touching 

another person with their feet is considered to be rude in Lao culture. Some 

questions do not show any pictures and when a question is only explained by 

words some students cannot visualize the phenomena when they read. The 

average score is however very low with both versions of the test. 

Nonetheless, by changing the context and adding some pictures, the students 

could read and understand the questions more easily. 

Article III: Comparison of Three Groups of Physics Students 

Discussing the Same Mechanics Problem. 

Group discussions were introduced in the tutorial session in an introductory 

SFS physics course at university level. We have video recorded three groups 

with four, three, and six students that solve one end-of-chapter problem. In 

this paper we focus on how students cooperated and communicated when 

they solved this problem, and what obstacles can hinder the group to find the 

solution of the problem. We found that students in the first group articulated 
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their view, they discussed different ideas, and they took turns to help each 

other and explain physics concepts or how to use physics equations. This 

group successfully solved the problem, while the other two groups were 

unsuccessful. Students in the latter two groups shared both correct and false 

ideas but no one could distinguish between good and bad ideas. The second 

and the third groups made the major mistake to not take into consideration 

that the object moved with constant speed. Both groups got stuck and 

needed help from the teacher.  

The students should be trained to give arguments for their ideas. They 

should also be taught to consider all information in the problem text and 

evaluate if it is irrelevant or if it could be used in the solution to the problem. 

Some minimum level of physics knowledge is required for a fruitful 

discussion in the groups. In one of the groups a bad seating arrangement 

affected the discussion negatively. 

Article IV: The influence of group work discussion on scores of 

Force Concept Inventory in Lao PDR 

In this study, we investigated if first year students’ participa-tion in small 

group discussions in the tutorial sessions would influence their score on the 

Lao version of the Force Concept Inventory (LFCI). We used the LFCI 

version to test 188 students’ understanding of mechanics concepts before 

and after they studied mechanics at university. In three classes, the students 

used group discussions when they solved the end-of-chapter questions in the 

textbook during tutorials and they also used group discussions to answer the 

LFCI. In two classes the students both solved the problems and answered the 

LFCI individually. A questionnaire about the advantages and disadvantages 

of cooperative group and individual problem solving was handed out to the 

students. The questionnaire was supplemen¬ted by interviews with ten 

students and three groups. 

We found that almost all students would like to work with group 

discussions; only 3% of them were negative. Students that worked with 

group discussions obtained an average score of 26% correct answers to the 

LFCI which was slightly higher than the average score of 23% for students 

that worked individually. The improvement from the pre to the post-test in 

average score was 7 percentage points for classes with group discussions and 

6 percentage points for classes with individual problem solving. The 

introduction of group work discussions did not result in a higher gain in the 

LFCI score in comparison to traditional teaching. The students that used 

group discussions got a slightly higher score on the post-test, but that can 

probably be explained by the fact that these students discussed in groups 

also when they answered the LFCI. 

Apparently, the group discussions did not help the students to improve 

their theoretical understanding of mechanics concepts as tested by the LFCI. 
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However, it was observed in the video analysis that group discussions helped 

students to better understand mechanics concepts in the context of solving 

the end-of-chapter problems in the textbook. This observation was also 

supported by the students’ answers to the questionnaire and the interview. 

Article V: On the use of two versions of the Force Concept 

Inventory to test conceptual understanding of mechanics in Lao 

PDR. 

In this study, we investigated why Laotian students had a low score when 

they were tested using the Force Concept Inventory (FCI). More than 400 

students answered the FCI or a Lao version of the FCI (LFCI). The LFCI is 

based on the FCI, but the contexts of some questions are changed. The 

students also answered a questionnaire and 34 of the students were 

interviewed. The students found the FCI/LFCI questions to be difficult and 

the phenomena in some of the questions were not easy for them to imagine, 

for example questions about ice hockey. 

The results show that students’ alternative conceptions cannot explain the 

low score. The students rather had missing conceptions and they mostly 

used everyday life experiences when they tried to answer the questions. 

There are several examples in this paper of students only using their 

everyday life experiences and not the laws of physics when they try to find 

answers to the questions. One example was in question 7 about circular 

motion. Many students said in the interview that the picture helped them to 

understand the question and when they saw the picture they could decide 

which answer to choose  

We also note that this question has the best score of all questions, even if 

it is still a low score. About one third of the students selected the correct 

answer in spite of the fact that circular motion was not part of the curriculum 

and therefore not treated in the lectures. This makes it even more probable 

that the students in general only used their everyday life experiences and not 

their knowledge of physics when answering this question. 

Article VI: Problems and possibilities when changing teaching in 

physics to more student activity. 

In this study, we investigated what problems and possibilities arise when 

physics teaching in a Lao university is changed to include more group 

discussions. More than 200 students solved multiple-choice questions in 

groups of 3-4 students. They had about ten minutes for the discussion of two 

qualitative questions, which was followed by reports from each group about 

which answer they had chosen and their arguments for their choice. All 

students also answered a questionnaire and 14 students and three teachers 

were interviewed. The students were given qualitative questions about 

mechanics concepts because we had previously found that Laotian students 
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had problems with the concepts of mechanics when they were tested by the 

Force Concept Inventory. 

The result showed that many of the students had problems with physics 

concepts; some of them could not distinguish between velocity and 

acceleration. The recorded group discussions also showed that when 

students did not listen to each other this led to an unsuccessful group 

discussion with no co-construction of the answer. Almost all students liked 

group discussions, but a few students were worried about explaining their 

ideas to friends in the group and in class. But on the other hand, one teacher 

pointed out that group discussions reduced students’ stress when they 

encountered difficult problems.  

Several students said that they were confused during the discussion in 

class when different ideas were presented, but claimed that they got a clear 

understanding after the teacher’s explanations. This was the first time with 

group discussions in class for the Laotian physics students. Both teachers 

and students were interested in this teaching method and the students 

wanted their teachers to set up groups again when they should solve physics 

problems in class. Some students remarked that 10 minutes was too short a 

time for the discussions. 

Article VII: Students Discussing Physics in Small Groups at 

University level in Lao PDR. 

In this paper, we use the same information as was used for paper III about 

students solving an end-of-chapter problem in groups, but the papers have 

different foci. In this paper we focus on how students cooperate and what 

obstacles can hinder their cooperation. Do the students follow a 

recommended problem solving strategy? What difficulties do the students 

encounter and what signs of learning can be seen? 

Group discussions were introduced in the tutorial session in an 

introductory physics course at university level. We video recorded three 

groups with three, four, and six students that solved an end-of-chapter 

problem. One group described the physics of the problem before they 

selected equations and successfully solved the problem. Students in this 

group were not afraid to raise disagreements, they asked questions, and took 

turns answering them which resulted in a fruitful discussion. The other two 

groups made the major mistake to not consider that the object moved with 

constant speed. Students suggested equations to use without giving any 

physics arguments. Both groups got stuck and needed help from the teacher.  

It was found that the problem solving strategy in the physics textbook did 

not include the important step of describing the physics. As the strategy is 

formulated it can actually encourage students to start looking for equations 

without describing the physics first. Two clear signs of learning were 

observed. One student learned the correct way to use sine and cosine and 
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many students discovered the importance to use the information of constant 

speed. A too large group and a bad seating arrangement affected the 

discussions negatively. Some students had problem to hear what other 

students said and wrote. 

If the students have too little knowledge of physics a fruitful discussion 

could be hindered. We have also observed that it was difficult for students to 

argue for their ideas even when they were correct. When there was a lack of 

convincing arguments the students often tested one idea and compared the 

answer they obtained with the answer in the textbook to see if it was correct. 

Summary of main findings 

Students obtained a very low score when they were tested by the Force 

Concept Inventory. This was observed both in the pre-test and the post-test. 

The study of mechanics in between these test resulted in just a small 

improvement of the students’ understanding of mechanics concepts as it is 

tested by the FCI. 

The students complained about an unfamiliar context in several FCI-

questions. A Lao version of the FCI was therefore constructed with more 

pictures and a changed context in many questions. This resulted in a small 

increase in the score of some questions but the improvement of the total 

score was negligible. However, by changing the context and adding some 

pictures, the students could read and understand the questions more easily.  

It was not possible to draw conclusion about the students’ alternative 

conceptions from the answers to the FCI. The answers were quite evenly 

spread between the different alternatives. From video recordings we found 

examples of traditional alternative concepts such as: A force is needed to 

keep an object moving and the inability to distinguish between velocity and 

acceleration. 

The analysis of video recordings of students discussing how to answer the 

questions in the FCI and LFCI showed that many students used everyday life 

experiences to answer some questions. There were several examples when 

the students only used their everyday life experience and not the laws of 

physics. In some case the students were helped by their every day life 

experience as in a question about circular motion but in most cases observed 

the students were misled by their experiences. Several students referreed to 

observations they had made and one student could not say anything about 

the forces in the cables of an elevator because he could not see the cables.  

Usually Laotian students solve physics problems (end-of-chapter 

problems) individually in class both in high school and at university. Group 

discussions were done three times with SFS students at NUOL. The first time 

students solved the FCI and LFCI tests; the second time students solved end-

of-chapter problems, and the third time students solved qualitative 

questions with a follow-up discussion in class.  
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The analysis of video recordings of students solving end-of-chapter 

problems showed that in one group the students were not afraid to raise 

disagreements, and ask questions that were answered by others which 

resulted in a successful discussion. The other two groups were unsuccessful 

and began suggesting equations to use without describing the physics. It was 

found that the problem solving strategy in the text book lacked the important 

step of describing the physics before selecting equations. Two signs of 

learning were observed. One student learned the correct way to use sine and 

cosine and many students discovered the importance to use the information 

of constant speed. 

The analysis of group discussions when students solved qualitative 

questions showed that they articulated their views and tried to explain their 

ideas to their friends. In nearly all group discussions students had conflicting 

ideas, and the following discussions ended in about the same number of 

times in the right answer as in a wrong answer. In almost all group 

discussions, the students co-constructed their answer. We also observed that 

when students did not listen to each other, this lead to an unsuccessful group 

discussion, with no co-construction of the answer. In one discussion the 

group had conflicting ideas which they resolved by voting instead of 

continuing their discussion until they could agree on an answer. Many 

students said that ten minutes was too short time for discussions with two 

questions.  

The information from interviews showed that most students like group 

discussions, but a few students were worried to tell their ideas to friends in 

group and class. On the other hand, one teacher said that group discussions 

reduced students’ stress when they encountered difficult problems. Several 

students said that they were confused during the discussion in class when 

different ideas were presented, but claimed that they got a clear 

understanding after the teacher’s explanations. 
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Chapter 6. Discussion 
This study has examined both Laotian students’ understanding of mechanics 

concepts and the effect of introducing group discussion in the tutorials. I will 

in this chapter first comment on the students’ understanding of mechanics 

concepts and then discuss how the students cooperate during group 

discussions. I will then go over the problems and possibilities with 

introducing group discussions that have been observed. Finally, I will draw 

some conclusions on possible ways to improve physics education in Laos. 

Students’ understanding of mechanics concepts 

This study examines Laotian students’ understanding of mechanics concepts 

with the well known Force Concept Inventory. The Laotian students show a 

low score of the FCI test both as pre- and post-test. If it was compared with 

the results from the first year engineering students in Indonesia (Cahyadi, 

2004) revealed that a low score on the pre-test comparable to the result from 

Lao students, but  the score of  post-test was very low score for Lao students 

than Indonesia students. The post-test score of Lao students are actually 

extremely low compared to the pre-test scores of university students in USA 

(Hake, 1998). 

We were surprised with the low score of our students that prevailed even 

after instruction. The average score of the pre-test in 2007 was 18% which 

actually somewhat lower than the 20% one would obtain with pure guessing. 

However, students complained that it was difficult to understand several of 

the FCI-questions which might explain the low score. The FCI was developed 

in the USA and many questions have a clear western country style. The 

students felt unfamiliar with the contexts of some question and the best 

example is a question about ice hockey. This is an unfamiliar sport for 

students who live in warmer climates. In order to check the impact of context 

on the score, a Laotian version of the FCI was created with context that was 

thought to be familiar to Laotian students and with more pictures. 

The Lao version of the FCI showed a small improvement in the scores of 

about one quarter of the questions but the average score of the whole test 

had a negligible improvement. This result is in accordance with the result of 

McCullough (2004) who tried to alter the FCI question to more female 

oriented contexts. In some questions this resulted in different changes in the 

score for men and women, respectively, but averaged over all students their 

gender version did not show any difference to the original FCI. The result of 

our study support the findings from other researchers (McCullough, 2004, 

Stewart, Griffin and Stewart, 2007) that a low score on the FCI can only to a 

very small part be explained by unfamiliar context in the questions. 

Changing context and adding more pictures didn’t help the students to select 
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the correct answer, but it did help them to read and understand the 

questions more quickly. 

Having ruled out the influence of context, we turn to the question whether 

it is possible to explain the low score by the fact that the students have 

alternative conceptions. It is, however, difficult to draw conclusions about 

students’ alternative conceptions from the FCI results, because in most 

questions the answers are spread quite evenly on the five alternatives. It is 

only in one question we suspect that the students have a clear alternative 

conception; that a force is needed to keep an object moving. This well-known 

alternative conception was also seen in several video recordings of group 

discussions. Some of these recordings showed students that could not 

distinguish between velocity and acceleration. 

When Hestenes et al. (1992) constructed the Force Concept Inventory they 

presupposed that students had rather stable beliefs. This description has 

later been questioned and Frank, Kanim and Gomez (2008) suggest that 

answers to questionnaires rather can be explained by students having a 

variety of different physical intuitions. According to Von Aufschnaiter and 

Rogge (2010) some misconceptions can occur as a result of repeated 

experiences with phenomena of the everyday world. They point out that all 

model-based concepts are difficult for students and an attempt to use 

everyday experiences can create misconceptions. From video recordings we 

found that students quite often used their everyday life experiences and did 

not refer to the laws of physics, when they tried to find answers to the FCI-

questions. It is possible that our results could be better explained by 

intuitions built on everyday life experiences than on alternative conceptions.  

Using everyday life experiences do not necessarily lead to alternative 

conceptions they could also be used to find the correct answer. In a question 

about circular motion, many students said that the picture helped them to 

understand the question, and decide an answer. We note that this question 

has the best score of all questions, although circular motion was not part of 

the curriculum and therefore not treated in the lectures. This makes it even 

more probable that the students only used their everyday life experiences 

and not their knowledge of physics when answering this question. 

An example where the students were misled by their everyday life 

experience concerned a rocket moving in outer space but the students in the 

group discussion used their everyday life experience from the rocket festival 

in Laos. The students did not refer to physics concepts at all when they 

discussed these questions. They thought that the rocket should move down 

to the ground again and that the velocity of the rocket should be zero at the 

top point of the orbit. This group chose an answer that was in accordance 

with their ideas. Many of the other students probably thought in the same 

way because about one third of them chose that alternative in the question. 

Hestenes et al. (1992), however, showed that only 0 - 4% of the students in 
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USA made the same choice. The large difference between USA and Laos in 

response to this question is probably a sign that a large part of the Laotian 

students used their everyday life experience of the rocket festival. 

Students also referred to the lack of everyday life experience as an 

explanation to why they did not know the answer to a question. Some of the 

students said that the cannon ball moved very fast therefore they could not 

imagine what the path of the ball looked like. Another student explained that 

he could not see the cables of the elevator and therefore he could not say 

anything about the force in the cable. Note that the students in this 

paragraph are the best students in each class and still they do not refer to 

physics knowledge when answering these questions. This makes us suspect 

that many students use everyday life experiences when answering the FCI.  

In all these examples of using everyday life experiences no student 

referred to physics knowledge at all; they just referred to the situation they 

have seen. We suspect that many students do not have alternative 

conceptions but rather missing conception as was discussed by Von 

Aufschnaiter and Rogge (2010). When students only describe what they see 

it is called an explorative approach by Von Aufschnaiter and Rogge. 

Students’ activities in the group discussions 

We have studied two types of group discussions. In one of them, the students 

formed groups to solve the ordinary end-of-chapter problems. In the other 

one, students formed groups to discuss some special multiple-choice 

qualitative questions and each group had then to present their answer in the 

class and explain why they chose that answer.  

We video recorded three groups in the first type of group discussion. One 

group successfully solved the problem they were assigned. This group was 

characterized by a lot of discussions taking place. The students raised 

disagreements, asked questions and took turn answering the questions 

resulting in an effective exchange of ideas. These students had some basic 

understanding of the physics needed in this problem, but no students had a 

totally clear picture which resulted in a successful discussion. This 

observation supports the conclusion of Alexopoulou and Driver (1996) that 

disagreement is more important than equal participation for the discussion 

to progress.  

In the other two groups the students discuss and articulate their views. 

However, their suggestions are not accompanied with physics arguments 

that support their ideas. The students looked for equations that contained 

the unknown quantity without describing the physics. These two groups 

make the major mistake to not take into consideration that the object moved 

with constant speed. After the intervention from the teacher students began 

to give physical arguments to their ideas and both groups could solve all 

three questions in the problem. This tells us two things: There must be some 
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minimum level of understanding the physics in question for the discussion to 

be successful and the precence of the teacher is vital in case there is a lack of 

this basic understanding. 

We found that students in each group to a large part followed the problem 

solving strategy in the physics textbook, but none followed the last step and 

checked if the answer was reasonable. We observed that students just 

checked and compared the answer they got with the answer in the textbook. 

Another problem that students in each group drew pictures later than 

discussion the equations. Usually they took information and equations from 

lecture notes and the physics textbook during they solved the problem. In 

two groups the students started to suggest equations without giving any 

physical arguments.  

Many researchers point out the necessity of describing the physics of the 

situation before choosing equations to use. It means that the students should 

use their qualitative understanding of physics concepts and principles to 

analyze and represent the problem in physics terms before starting to look 

for equations (Heller et al., 1992). We found that the problem solving 

strategy in the physics textbook does not include an explicit step of physics 

description. It goes directly from the advice to draw a picture to the step of 

choosing equations. The example given in the textbook describes how to find 

the volume of a cylinder and is so simple that it is not even possible to 

describe the physics involved. As the strategy and example are now 

formulated in the textbook it can actually encourage students to look for 

equations to use without describing the physics first. We think that it is 

important for students to understand the physics involved before solving a 

problem and it is therefore important to improve the problem solving 

strategy in the textbook. 

In the second type of recorded group discussions we studied how the 

students cooperated when they solved qualitative multiple-choice questions. 

In almost all of the groups some students co-constructed the answer. Tao 

(1999) found that co-construction may lead to the correct as well as the 

wrong solution, but discussion involving conflicting ideas nearly always lead 

to the correct solution. However, in our case, conflicting ideas in some 

groups led to the wrong answer. Moreover, in one group conflicting ideas 

resulted in voting about the answer. These different results could depend on 

differences between these studies. Tao (1999) studied collaboration between 

students working in pairs while in this study there were three or four 

students in each group. In a dyad the two different opinions start on an equal 

footing since there is one person advocating each standpoint whereas in 

larger groups the correct viewpoint might be held by only one of the 

students. It would require a lot of self-confidence and skill in argumentation 

of this single student to convince the others to change opinion. The students 

in our study have little training in argumentation and since physics is seen as 
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a difficult subject many students have bad self-confidence in solving physics 

problems. On the other hand, Alexopoulou and Driver (1996) found that 

groups of four students more easily dealt with disagreements than pairs of 

students. It was more accepted in groups of four that different people could 

have different views while students in a pair easily turned into defence of 

their own views. 

An important point is the time for discussion. Tao’s students had 75 

minutes to discuss five problems, but in this study, the students had 10 

minutes to discuss two questions. It is probable that our students did not 

have enough time to resolve conflicting ideas. The video recorded group 

discussions show that the students felt stressed to finish the discussion in the 

assigned time and several discussions did not come to a consensus before the 

students had to move on to the next task. This is also confirmed by students’ 

remarks in interviews that it was too short time for the discussions. We agree 

with Tao that conflicting views can be a good starting point for a discussion, 

but students need enough time to resolve all conflicting ideas.  

After the discussion all groups selected a representative that presented for 

the whole class what answer the group had chosen and their arguments. It 

can be good if the teacher combine two types of questions together 

(qualitative and quantitative problems) in the same set because when 

students clearly understand the qualitative problems after that they will 

solve the quantitative problems afterward. 

Problems and possibilities with group discussions 

According the interview of students who solved end-of-chapter problems, 

almost all students were positive to group discussions, and also the students 

who solved the qualitative questions and teachers who taught when students 

solved those problems that, they had positive ideas about group discussions. 

Students feel a reduced stress when they solve problems in groups. The 

follow-up discussion in class after group discussion turned into a good 

learning opportunity since all the students have been involved in finding an 

answer to the question. Even if they were not successful during the group 

discussion they had thought a lot about the problem and could followed the 

teacher’s explanation in the end. Since the following work with end-of-

chapter problems were related to the qualitative problems they just have 

solved the students had a good start when solving these problems.  

The teachers see the benefit of using group discussions with qualitative 

questions but they are at the same time expected to cover all the end-of-

chapter problems. Time is a problem when group discussions are used.  

I do not have any complete answer to the title of my thesis: Student 

activity-a way to improve the conceptual understanding of physics in Lao 

PDR? This has been a limited case study of group discussions that were 

organised two times during this study. There was no greater difference in 



 

40 

LFCI scores between classes with individual problem solving (23%) and 

those with group discussions of problems (26%). I cannot claim that the 

group discussions help the students to improve their theoretical 

understanding of mechanics concepts as it is tested by the LFCI. However, it 

was observed in the video analysis that group discussions help students to 

better understand mechanics concepts in the context of solving the end-of-

chapter problems in the text book. 

Two signs of learning were clearly seen in this study. Many students 

learned to recognice the importance to use the information of “moving with 

constant speed”. This can be described as a traditional learning of concepts 

and understanding the implications it has on the conclusions that can be 

drawn from Newton’s second law. The second sign of learning concerned a 

student who learned how to use sine and cosine when calculating the 

components of the gravitational force. This example of learning could be 

described with Sherin’s (2006) ideas of refining intuitive knowledge. The 

student’s intuitive knowledge of using cosine was that the component along 

the x-axis is obtained by multiplying the total force with cosine of the angle. 

In a long discussion with his friends in the group he was able to refine this 

intuitive knowledge to an understanding that cosine is not related to the x-

axis but to the component that is adjacent to the angle in question.  

Implications for education in physics in Lao PDR 

To improve the teaching-learning process, we suggest that group discussions 

should be organized when students solve physics problems in the tutorial 

session. Group discussions have been found in other studies (Gautreau and 

Novemsky, 1997; Benckert and Pettersson, 2008) to be an effective way of 

teaching. The students have the opportunity to discuss problems and 

exchange ideas with their friends and teachers. In this way the students can 

talk about physics concepts and have a better chance to grasp the meaning of 

them. For this to be effective the time for group discussions must be 

extended. 

A successful introduction of group discussions requires that the teachers 

discuss how much time that should be devoted to group discussions and how 

much time should be used for qualitative questions and end-of-chapter 

questions problems, respectively. The teachers also need to learn about 

methods to get better functioning group discussions. Following-up of group 

discussions should be done at the end of all tutorials with group discussions, 

because some of the discussions did not lead to correct solutions. It is good if 

students could follow the discussion in the whole class and relate their own 

ideas to the teacher’s explanations. Johnson et al (1994) suggested that to 

assure an individual accountability the teacher should randomly choose 

students to orally present the group’s work, while in my case students 

selected by themselves the person who should present the group’s work. I 
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think that the teacher should try to randomly choose someone to present the 

group’s work, because when students select their friend to present, they 

usually select the student who is good at explaining, while the teacher may 

select a middle level student or a weak level student to help them to improve 

their abilities. 

We suggest that the teacher should use some questions in the FCI test to 

explain and discuss with students in the tutorial session to help students to 

better understand physics concepts.  

We suggest that the teacher should teach students about working in 

group. For example, advice students to listen to each other and make sure 

that all students agree with all steps in the solution. During the students 

discuss in the class, teacher should stimulate each member in the group to 

communicate and tell about their own view. The teacher should walk around 

and listen when students discuss and intervene when the discussions about 

concepts of physics get on the wrong track. 
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Summary in Lao 
                                                                        

                             ,                                          

                                               ?                        

                          .                                             (Quantita-

tive data)                                                              

          .                                           (Qualitative data) 

                                    ,       ,                    

                                                    .                     

                                                     (   )           

                     (                    (NUOL),              

         ,                        ).                                     

                                      . 

                    Force Concept Inventory (FCI)                

                                      ,              Newton            ). 

          FCI                           2006                50         

             30    .                             FCI                        

         ,            8             .                                

    FCI                                       ,                          

                         ,                                       hocky     

                    .  

                   2007,                                             

Picture version of the Force Concept Inventory (PFCI)     Lao version of 

the Force Concept Inventory (LFCI).                 PFCI                 

                      7                 FCI,                         

                               2    .             : “F>P”              

(                                               ).        LFCI 

                      16                  FCI        14                 

      Gender Force Concept Inventory (GFCI; McCullough 2000).       

                FCI     GFCI                        ,             

    LFCI    9                                                             
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      .    3                                                        ,    

         : “
heavylight TT  ”                                                

                                     .                                            

                                       ,                                 

          17     29                                                     

                                           ,                         

                       FCI.   

                  2007    ,                     FCI, PFCI     LFCI 

                                              (                       

     ),                                                         

                              (                   )                      

                         .                                         FCI 

                                        ,          .            34     

                   .                                     FCI,     PFCI 

                          (             ).                           2008,     

                 FCI,     LFCI                (                        

     ),                (NUOL), 9                           .          4 

                  FCI     LFCI                                 ,    5 

                  FCI     LFCI                               ,     5      

               .                             FCI     LFCI                       

                  ,          .            8           3              .  

                  2010,                                              .    

                                     NUOL 7                        

       . 7                                                                     

                                          .            14             .  

                

                           FCI, PFCI     LFCI      2006, 2007, 

    2008                  .                                            

                                    10%                         (           

3                               )                                ,             

                                             .                     z test     
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                                                (                 

              ).                                                         

5        (1, 4, 7, 11,     19).                                                 

                                                     .                 

                                                                     

                                                     . 

                                                     FCI     LFCI. 

                                                               .           

                                                                               

                                                                               

           ,                                                             

                                                                     

               .  

                         FCI,     LFCI                              

                                                                           . 

                                                                           

                                            .                                

paper V.                                                                    

                  ,                                                       

              ,                                             ,               

                                                                 . 

                                                                               

                     .                                paper III, IV     VII.  

                                                                         

                                       ?                                 

                                 ?                                        

                         ?                                      ?     

                                      ?                                       

                       ?                                                    

              ?                                   ?                        

               ?                                              ? 
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                                   ?                                       

                                      ?  

                                                                                   

                             ,                                               

                                                                     .               

                                                                            

          ,                      ,                                          

                                                                                 .     

                     paper VII.   

                                                                         

                                                                       

                                                                      ? 

                                                                               

                                                                          

                             ?                                        

          ?,                                                            

                                                      .               

           paper VI.  

          

                                                                     

    FCI     LFCI.                          FCI      2006, 2007 

     22%     18%          .                              LFCI 

     2007,     2008      21%     26%          .                    

                                                                         

       FCI     LFCI.   

                                                            

FCI     LFCI                                                           

                                                              .              

          7                             (circular motion).                      
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                 .               ,                                       

                       .                                                  .  

                                               (end-of-chapter pro- 

blems)                                                  .           

                                                                       

    .                                                                 FCI 

    LFCI.                                                                  

                                  .                                      

                                                                       

                     .                                                       

                               (                            ).        

                                                                            

                            .  

                                                                        

                                                                        

                         ,                                               

                                                   .                        

                                                                 .     

                                                                               

                                                                             

                                                                             

       ,                             (                                   ) 

                              (                             )           

           ,                                                             . 

                                                               .  

                                                                        

                                                                                   

                                     ,                     ,               

           ,                                                             

  ,                                                                             

    .                                                                         

                                                  ,                       
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     .                                               .                             

                                             .  

                                                                         

                                                                          

                               .                                              

                                                       ,                 

                            .                  ,                       

                                                                         

                                                       .  

                            FCI     LFCI                       

    ,                                                                     

                                                                 .     

                      LFCI                                         

    (post-test)                                     ,                        

          30                                      .                       

                                 McCullough (2004)                    

Gender Force Concept Inventory                             .             

                                                                           

                        ,                                      30         

                      .                                                        

                                  .  

Savinainen         (2002 a)                                         

       ,                                                            

                                              . Savinainen (2002 b)           

                                     FCI                           

                                                            .        

                                                                         

                                                           ,        

                                              (post-test)                  

                        (pre-test).                                      
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          Indonasia.                          reading quizzes,             

                                       Cahyadi (2004).                       

                                       -                             

                                     -            . 

                                                                        

                                                                         

                                       ,                                      

                                    ?                                        

                                                 .                                 

                                                                               

                     .                                                       

                                                       “Physics description” 

                                 Heller et al (1992).                           

                                                                     

               .                                                                 

                                               .  

                                                                            

                                                                        , 

                                           ,                          

                                                             .            

                                                                           

                                                   ,                          

                                                                          

   .                                                                           

                                                                           

     ,                                                                   

                                                 . Benckert and 

Pettersson (2008)                                                        

                                                                  

                          . 
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                        ,                                                 

                                                                              

                                                                        

        . 

             ,                                                            

                                     ,                                         

                                                            .                       

paper VI     VII                                                         

                                                                          

                                                                         

                   .  

                      ,                                           

    FCI     LFCI                                                       

                                                      .                  

      -                                                             

                                                                              

                       . (Gautreau and Novemsky, 1997; Benckert and 

Pettersson 2008)                                                       

   ,                                                                

          .                                                                  

                                                                . 
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Force Concept Inventory 

The Force Concept Inventory (FCI) is a multiple-choice “test” designed to 

assess student understanding of the most basic concepts in Newtonian 

mechanics. The FCI can be used for several different purposes, but the most 

important one is to evaluate the effectiveness of instruction. For a full 

understanding of what has gone into the development of this instrument and 

how it can be used, the FCI papers1,2 should be consulted, as well as: (a) the 

papers on the Mechanics Diagnostic Test3,4, the FCI predecessor, (b) the paper 

on the Mechanics Baseline Test5 which is recommended as an FCI companion 

test for assessing quantitative problem-solving skills, and (c) Richard Hake’s6 

data collection on university and high school physics taught by many different 

teachers and methods across the USA. 
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1. Two metal balls are the same size but one weighs twice as much as the 
other. The balls are dropped from the roof of a single story building at 
the same instant of time. The time it takes the balls to reach the ground 
below will be:  

(A) about half as long for the heavier ball as for the lighter one.  

(B) about half as long for the lighter ball as for the heavier one.  

(C) about the same for both balls. 

(D) considerably less for the heavier ball, but not necessarily half as 
long. 

(E) considerably less for the lighter ball, but not necessarily half as 
long. 

2. The two metal balls of the previous problem roll off a horizontal table 
with the same speed. In this situation: 

(A) both balls hit the floor at approximately the same horizontal 

distance from the base of the table. 

(B) the heavier ball hits the floor at about  half the horizontal 

distance from the base of the table than does the lighter ball. 

(C) the lighter ball hits the floor at about half  the horizontal distance 

from the base of the table than does the heavier ball. 

(D) the heavier ball hits the floor considerably closer to the base of 
the table than the lighter ball, but not necessarily at half the 
horizontal distance. 

(E) the lighter ball hits the floor considerably closer to the base of the 
table than the  heavier ball, but not necessarily at half the 
horizontal distance. 

3. A stone dropped from the roof of a single story building to the surface of 

the earth: 

(A) reaches a maximum speed quite soon after release and then falls 
at a constant speed thereafter. 

(B) speeds up as it falls because the gravitational attraction gets 
considerably stronger as the stone gets closer to the earth. 

(C) speeds up because of an almost constant force of gravity acting 
upon it. 

(D) falls because of the natural tendency of all objects to rest on the 
surface of the earth. 

(E) falls because of the combined effects of the force of gravity 
pushing it downward and the force of the air pushing it 
downward. 
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4. A large truck collides head-on with a small compact car. During the 

collision: 

(A) the truck exerts a greater amount of force on the car than the car 

exerts on the truck. 

(B) the car exerts a greater amount of force on the truck than the 

truck exerts on the car. 

(C) neither exerts a force on the other, the car gets smashed simply 

because it gets in  the way of the truck. 

(D) the truck exerts a force on the car but the car doesn't exert a force 

on  the truck. 

(E) the truck exerts the same amount of force on the car as the car 

exerts on the truck. 

USE THE STATEMENT AND FIGURES BELOW TO 
ANSWER THE NEXT TWO QUESTIONS (5 and 6). 

The accompanying figure shows a  

frictionless channel in the shape of  

a segment of a circle with center at  

“O”. The channel has been anchored 

to a frictionless horizontal table top. 

You are looking down at the table. 

 Forces exerted by the air are negligible. 

A ball is shot at high speed into the  

channel at “p”and exits at “r.” 

5. Consider the following distinct forces: 

1. A downward force of gravity. 

2. A force exerted by the channel pointing from q to O. 

3. A force in the direction of motion. 

4. A force pointing from O to q. 

 

Which of the above forces is (are) acting on the ball when it is within the 

frictionless channel at position “q”? 

(A) 1 only.  

(B) 1 and 2.    

(C) 1 and 3.      

(D) 1, 2, and 3.  

(E)  1, 3, and 4. 
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6. Which  path in the figure  at 

 right would the ball most closely 

 follow after it exits the channel  

at “r” and moves across the  

frictionless table top? 

 

 

 

 

 

 

7. A steel ball is attached to a string 
and is swung in a circular path in 
a horizontal plane as illustrated 
in the accompanying figure. 
At the point P indicated in the 
ficture, the string suddenly 
breaks near the ball. 
If these events are observed from 
directly above as in the figure, 
which path would the ball most 
closely follow after the string 
breaks? 

 

USE THE STATEMENT AND FIGURE BELOW TO 
ANSWER THE NEXT FOUR QUESTIONS (8 through 
11).  

The figure depicts a hockey puck sliding with constant speed 0v  in a 

straight line from point “a” to point “b” on a frictionless horizontal surface. 
Forces exerted by the air are negligible. You are looking down on the puck. 
When the puck reaches point “b,” it receives a swift horizontal kick in the 
direction of the heavy print arrow. Had the puck been at rest at point “b,” 

then the kick would have set the puck in horizontal motion with a speed kv  

in the direction of the kick. 
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8.  Which of the parts below would the puck most closely follow after 

receiving the kick? 

9. The speed of the puck just after it receives the kick is: 
(A) equal to the speed "vo" it had before it received the kick. 

(B) equal to the speed "vk" resulting from the kick, and independent 

of the speed "vo". 

(C) equal to the arithmetic sum of the speeds "vo" and "vk". 

(D)  smaller than either of speeds "vo" or "vk". 

(E) greater than either of the speeds "vo" or "vk", but less than the 

arithmetic sum of these two speeds. 

10.  Along the frictionless path you have chosen in question 8, the speed of 
the puck after receiving the kick: 

(A) is constant. 

(B)  continuously increases. 

 (C)  continuously decreases. 

(D) increases for a while, and decreases thereafter. 

(E) is constant for a while, and decreases thereafter. 

11. Along the frictionless path you have chosen in question 8, the main 

force(s) acting on the puck after receiving the kick is (are): 

(A) a downward force of gravity. 

(B) a downward force of gravity and a horizontal force in the 

direction of motion.  

(C) a downward force of gravity, an upward force exerted by the 

surface, and a horizontal force in the direction of motion. 

(D) a downward force of gravity and an upward force exerted by the 

surface. 

(E) none. (No forces act on the puck.) 
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12. A ball is fired by a cannon from the top of a cliff as shown in the figure 
below. Which of the paths would the cannon ball most closely follow? 

 

 

 

 

 

 

 

 

 

13. A boy throws a steel ball straight up. Consider the motion of the ball only 

after it has left the boy’s hand but before it touches the ground, and 

assume that forces exerted by the air are negligible. For these 

conditions, the force(s) acting on the ball is (are): 

(A) a downward force of gravity along with a steadily decreasing 
upward force. 

(B) a steadily decreasing upward force from the moment it leaves the 
boy’s hand until it reaches its highest point; on the way down 
there is a steadily increasing downward force of gravity as the 
object gets closer to the earth. 

(C) an almost constant downward force of gravity along with an 
upward force that steadily decreases until the ball reaches its 
highest point; on the way down there is only a constant 
downward force of gravity. 

(D) an almost constant downward force of gravity only. 

(E) none of the above. The ball falls back to the ground because of its 
natural tendency to rest on the surface of the earth. 

14.  A bowling ball accidentally falls out of 
the cargo bay of an airliner as it flies 
along in a horizontal direction.  

As observed by a person standing on the 
ground and viewing the plane as in the 
figure at right, which path  

would the bowling ball most closely follow after leaving the airplane? 
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USE THE STATEMENT AND FIGURE BELOW TO ANSWER THE 

NEXT TWO QUESTIONS (15 and 16). 

A large truck breaks down out on the road and receives a push back into 

town by a small compact car as shown in the figure below. 

 

 

 

 

 

15. While the car, still pushing the truck, is speeding up to get up to cruising 

speed: 

(A) the amount of force with which the car pushes on the truck is 
equal to that with which the truck pushes back on the car. 

(B) the amount of force with which the car pushes on the truck is 
smaller than that with which the truck pushes back on the car. 

(C) the amount of force with which the car pushes on the truck is 
greater than that with which the truck pushes back on the car. 

(D) the car’s engine is running so the car pushes against the truck, 
but the truck’s engine is not running so the truck cannot push 
back against the car.  The truck is pushed forward simply because 
it is in the way of the car. 

(E) neither the car nor the truck exert any force on the other.  The 
truck is pushed forward simply because it is in the way of the car. 

16. After the car reaches the constant cruising speed at which the driver 

wishes to push the truck: 
(A) the amount of force with which the car pushes on the truck is 

equal to that with which the truck pushes back on the car. 
(B) the amount of force with which the car pushes on the truck is 

smaller than that with which the truck pushes back on the car. 
(C) the amount of force with which the car pushes on the truck is 

greater than that with which the truck pushes back on the car. 
(D) the car’s engine is running so the car pushes against the truck, 

but the truck’s engine is not running so the truck cannot push 
back against the car. The truck is pushed forward simply because 
it is in the way of the car. 

(E) neither the car nor the truck exert any force on the other. The 
truck is pushed forward simply because it is in the way of the car. 
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17. An elevator is being lifted up an  

elevator shaft at a constant speed  

by a steel cable as shown in the  

figure below. All frictional effects 

are negligible. In this situation,  

forces on the elevator are such that: 

 

 

 

 

 
(A)  the upward force by the cable is greater than the downward force 

of gravity. 
(B) the upward force by the cable is equal to the downward force of 

gravity. 
(C) the upward force by the cable is smaller than the downward force 

of gravity.  
(D) the upward force by the cable is greater than the sum of the 

downward force of gravity and a  downward force due to the air. 

(E) none of the above. (The elevator goes up because the cable is 
being shortened, not because an upward force is exerted on the 
elevator by the cable). 

18. The figure below shows a boy swinging on a rope, starting at a point 

higher than point A. Consider the following distinct forces: 

1. A downward force of gravity. 

2. A force exerted by the rope pointing from A to O. 

3. A force in the direction of the boy's motion. 

4. A force pointing from O to A. 

Which of the above forces is (are) acting on the boy when he is at 

position A? 

(A)   1 only.   

(B)   1 and 2.  

(C)   1 and 3.  

(D)   1, 2, and 3.  

(E)   1, 3, and 4.  

 

 

 

 

Steel 

cable 

Elevator going up 

at constant speed 

Steel 

cable 

cable 
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19. The positions of two blocks, at successive 0.20-second time intervals are 
represented by the numbered squares in the figure below. The blocks are 
moving toward the right.  

 

Do the blocks ever have the same speed? 

(A) No. 
(B) Yes, at instant 2. 
(C) Yes, at instant 5. 
(D) Yes, at instants 2 and 5 
(E) Yes, at some time during the interval 3 to 4. 

20. The positions of two blocks, at successive 0.20-second time intervals are 

represented by the   numbered squares in the figure below. The blocks 
are moving toward the right.  

 

The accelerations of the blocks are related as follows: 

(A) The acceleration of “a” is greater than the acceleration of “b”. 

(B) The acceleration of “a” equals the acceleration of ”b”.  Both 
accelerations are greater than zero. 

(C) The acceleration of “b” is greater than the acceleration of “a”.  
(D) The acceleration of “a” equals the acceleration of “b”. Both   

accelerations are zero. 
(E) Not enough information is given to answer the question. 
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USE THE STATEMENT AND FIGURE BELOW TO 
ANSWER THE NEXT FOUR QUESTIONS (21 through 
24).  

A rocket drifts sideways in outer space from point “a” to point “b” as 

shown below. The rocket is subject to no outside forces. Starting at position 

“b”, the rocket’s engine is turned on and produces a constant thrust (force on 

the rocket) at right angles to the line “ab”. The constant thrust is maintained 

until the rocket reaches a point “c” in space.   

 

 

21. Which of the paths below best represents the path of the rocket between 

points “b” and “c”? 

22. As the rocket moves from position “b” to position “c” its speed is: 

(A) constant. 

(B) continuously increasing. 

(C) continuously decreasing. 

(D) increasing for a while and constant thereafter. 

(E) constant for a while and decreasing thereafter. 
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23. At point "c" the rocket’s engine is turned off and the thrust immediately 

drops to zero. Which of the paths below will the rocket follow beyond 

point “c”? 

 

24. Beyond position "c" the speed of the rocket is: 

(A) constant. 
(B) continuously increasing. 
(C) continuously decreasing.  
(D) increasing for a while and constant thereafter. 
(E) constant for a while and decreasing thereafter.  

25. A woman exerts a constant horizontal force on a large box. As a result, 
the box moves across a horizontal floor at a constant speed "vo". The 

constant horizontal force applied by the woman: 

(A) has the same magnitude as the weight of the box.  
(B) is greater than the weight of the box.  
(C) has the same magnitude as the total force which resists the 

motion of the box. 
(D) is greater than the total force which resists the motion of the box. 
(E) is greater than either the weight of the box or the total force 

which resists its motion. 

26. If the woman in the previous question doubles the constant horizontal 

force that she exerts on the box to push it on the same horizontal floor, 

the box then moves: 

(A) with a constant speed that is double the speed “vo” in the 

previous question. 
(B) with a constant speed that is greater than the speed “vo” in the 

previous question, but not necessarily twice as great. 

(C) for a while with a speed that is constant and greater than the 
speed “vo” in the previous question, then with a speed that 

increases thereafter. 

(D)  for a while with an increasing speed, then with a constant speed 

thereafter. 

(E) with a continuously increasing speed. 
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27. If the woman in question 25 suddenly stops applying a horizontal force 

to the box, then the box will: 
(A) immediately come to a stop . 
(B) continue moving at a constant speed for a while and then slow to 

a stop. 
(C) immediately start slowing to a stop. 
(D) continue at a constant speed. 
(E) increase its speed for a while and then start slowing to a stop. 

 
28. In the figure at right, student “a” has 

a mass of  95 kg and student “b” 
has a mass of 77 kg.  

They sit in identical office chairs 

facing each other. Student “a”  

places his bare feet on the knees of  

student “b”, as shown. Student “a”  

then suddenly pushes outward with  

his feet, causing both chairs to move.  

During the push and while the students are still touching one another:  

(A) neither student exerts a force on the other. 
 (B) student “a” exerts a force on student “b”, but “b” doesn't exert any 

force on ”a”. 
(C) each student exerts a force on the other, but “b” exerts the larger 

force. 
(D) each student exerts a force on the other, but “a” exerts the larger 

force. 
(E) each student exerts the same amount of force on the other. 

29. An empty office chair is at rest on a floor. Consider the following forces:  

1. A downward force of gravity. 

2. An upward force exerted by the floor. 

3. A net downward force exerted by the air.  

Which of the forces is (are) acting on the office chair? 

 (A) 1 only.  
(B) 1 and 2.  
(C) 2 and 3. 
(D) 1, 2, and 3.    
(E) none of the force. (Since the chair is at rest there are no forces 

acting upon it). 
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30. Despite a very strong wind, a tennis player manages to hit a tennis ball 

with her racquet so that the ball passes over the net and lands in her 

opponent's court. 

Consider the following forces: 

1. A downward force of gravity. 

2. A force by the “hit”. 

3. A force exerted by the air. 

Which of the above forces is (are) acting on the tennis ball after it has 
left contact with the racquet and before it touches the ground? 

(A)  1 only.    
(B)  1 and 2.  
(C)  1 and 3.  
(D)  2 and 3.    
(E)  1, 2, and 3. 
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Appendix B 
 

 

 

 

 

Lao version of Force Concept Inventory 

 

The Lao version of Force Concept Inventory (LFCI) is a multiple-choice test 
designed to assess Lao student understanding of basic concepts in 
Newtonian mechanics. It is based on the traditional Force Concept Inventory 
(FCI) and it also includes parts of the Gender Force Concept Inventory. The 
physics of each question of the LFCI is identical to the corresponding 
question in the original FCI, but the physics is put in another context and 
some questions supported by more pictures. The LFCI was designed by Sune 
Pettersson and Phimpho Luangrath 2006. 
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1. An apple and a muffin accidentally  

fall out of a second- story apartment  

window at the same instant of time. 

The apple weighs twice as much as  

the muffin.  The time it takes them  

to reach the ground below will be: 

(A) about half as long for the heavier  

apple as for the lighter muffin (
lightheavy TT

2

1
 ). 

(B) about half as long for the lighter muffin as for the heavier 

apple (
heavylight TT

2

1
 ). 

(C) about the same time for both ( heavylight TT  ). 

  

(D) considerably less for the heavier apple, but not necessarily half as 

long lightheavy TT  . 

(E) considerably less for the lighter muffin, but not necessarily half as 

long heavylight TT  . 

2. Two oranges, one of which weighs 

twice as much as the other, roll off  

a kitchen table with the same speeds.In 

this situation, 

(A) both oranges hit the floor at  

approximately the same  

horizontal distance from the  

base of the table. 

(B) the heavier orange hits the floor at about  half the horizontal 

distance from the base of the table than does the lighter. 

(C) the lighter orange hits the floor at about half  the horizontal 

distance from the base of the table than does the heavier. 

(D) the heavier orange hits the floor considerably closer to the base of 
the table than the lighter, but not necessarily at half the 
horizontal distance. 

(E) the lighter orange hits the floor considerably closer to the base of 
the table than the  heavier orange, but not necessarily at half the 
horizontal distance. 
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3.   A potted plant falling from a patio  

roof on the top of a single story building: 

(A) reaches a maximum speed quite  
soon after release and then falls at 
a constant speed thereafter. 

(B) speeds up as it falls because the gravitational attraction gets 
considerably stronger as the plant gets closer to the earth. 

(C) speeds up because of an almost constant force of gravity  
acting on it. 

(D) falls because of the natural tendency of all objects to rest on the 
surface of the earth. 

(E) falls because of the combined effects of the force of gravity  
pushing it downward and the force of the air pushing it  
downward. 

 

4. Imagine a head-on 

collision between a very 

full shopping cart and an 

empty cart. Both 

carts are moving very 

quickly. During the 

collision, 

(A) the full cart exerts a greater amount of force on the empty cart 

than the empty cart exerts on the full cart. 

 

(B) the empty cart exerts a greater amount of force on the full cart 
than the full cart exerts on the empty cart. 

(C) neither exerts a force on the other, the empty cart gets smashed 

simply because it gets in  the way of the full cart. 

(D) the full cart exerts a force on the empty cart but the empty cart 

doesn't exert a force on  the full cart. 

(E) the full cart exerts the same amount of force on the empty cart as 

the empty cart exerts on the full cart. 
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USE THE STATEMENT AND FIGURES BELOW TO ANSWER THE 

NEXT TWO QUESTIONS (5 and 6). 

The accompanying figure shows a  

frictionless channelin the shape of a  

segment of a circle with centre at “O”. 

The channel has been anchored to  

a frictionless horizontal table top.  

You are looking down at the table.  

Forces exerted by the air are negligible. A ball is shot at high speed into the 

channel at“p” and exits at “r.” 

5. Consider the following distinct forces: 

1. A downward force of gravity. 

2. A force exerted by the channe 

pointing from q to O. 

3. A force in the direction of motion. 

4.  A force pointing from O to q. 

Which of the above forces is (are) acting on the ball when it is within the 

frictionless channel at position “q”? 

      

 

 

 

    

(A) 1 only. (B)  1 and 2.  (C)  1 and 3.  (D) 1, 2, and 3.  (E) 1, 3, and 4. 

 
6. Which  path in the figure at  

right would the ball most  

closely follow after it exits  

the channel at “r” and moves  

across the frictionless table top? 
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7. A steel ball is attached to a string  

and is swung in a circular  

path in a horizontal plane as  

illustrated in the accompanying  

figure. At the point P indicated  

in the figure, the string  

suddenly breaks near the ball. 

If these events are observed from 

directly above as in the figure, which 

path would the ball most closely follow 

after the string breaks? 

USE THE STATEMENT AND FIGURE BELOW TO 
ANSWER THE NEXT FOUR QUESTIONS (8 through 
11).  

 You are taking a shower and drop the wet bar of soap on the floor. The 
figure below shows the bar of soap coming sliding  with a constant speed vo 

in a straight line from point “a” to point “b” on the smooth frictionless 
horizontal floor. You are looking down on the floor. When the bar reaches 
point “b,” you give it a swift horizontal kick with your foot in the direction 
perpendicular to the direction of motion of the soap (shown by the heavy 
print arrow in the figure).  If the bar had been at rest at point “b”, your kick 
would have set the bar moving with a speed vk in the direction of the kick.  

 

 

8. Along which of the paths below will the bar of soap move after receiving 

the kick? 
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9. The speed of the bar of soap just after it receives the kick is: 

(A) equal to the speed "vo" it had before it received the kick 

( 0vv f  ). 

(B) equal to the speed "vk" resulting from the kick, and independent 
of the speed "vo" . 

(C) equal to the arithmetic sum of the speeds "vo" and "vk" 

( kf vvv  0 ). 

(D) smaller than either of speeds "vo" or "vk" ( 0vv f   or kv ). 

(E) greater than either of the speeds "vo" or "vk", but less than the 

arithmetic sum of these two speeds ( 0v  or kv 0vvv kf  ). 

10. Along the frictionless path you have chosen in question 8, the speed of 

the bar of soap after receiving the kick: 

(A) is constant. 

(B) continuously increases. 
(C) continuously decreases. 
(D) increases for a while, and decreases thereafter. 
(E) is constant for a while, and decreases thereafter. 

11. Along the frictionless path you have chosen in question 8, the main 
force(s) acting on the bar of soap after receiving the kick is (are): 

(A) the downward force of gravity. 

(B) the downward force of gravity and a horizontal force in the 
direction of motion. 

(C) the downward force of gravity, the upward force exerted by the 
floor, and a horizontal force in the direction of motion. 

(D) the downward force of gravity and an upward force exerted by the 
floor. 

(E) none. (No forces act on the bar of soap.) 

 

 

 

                (A)                  (B)                    (C)                      (D)                   (E) 
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12. A baby in a high chair 

slides her bowl of food 
horizontally off the side of 
her flat tray with a quick 
push.  Which path would 
best represent the path of 
the bowl? 
 

13. A girl throws a teddy bear straight up. 
Consider the motion of the bear only  
after it has left the girl’s hand but before  
it touches the ground, and assume that  
forces exerted by the air are negligible.  
For these conditions, the force(s) acting  
on the bear is (are): 

(A) a downward force of gravity along  
(B) with a steadily decreasing upward 

force. 
(B) a steadily decreasing upward force from the moment it leaves the 

girl’s hand until it reaches its highest point; on the way down 
there is a steadily increasing downward force of gravity as the 
bear gets closer to the earth. 

(C) an almost constant downward force of gravity along with an 
upward force that steadily decreases until the bear reaches its 
highest point; on the way down there is only a constant 
downward force of gravity. 

(D)  an almost constant downward force of gravity only. 
(E) none of the above.  The bear falls back to the ground because of 

its natural tendency to rest on the surface of the earth. 

14. A bird is carrying a fish in its claws as it flies along in a horizontal 
direction above a lake. The bird accidentally drops the fish. As seen 
from the lakeshor, which path would the fish most closely follow after 
leaving the bird's claws? 
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USE THE STATEMENT AND FIGURE BELOW TO ANSWER THE 

NEXT TWO QUESTIONS (15 AND 16). 

A large truck breaks down 

 out on the road and receives  

a push back into town by a  

small compact car as shown in  

the figure to the right. 

15. While the car, still pushing the truck, is speeding up to get up to cruising 

speed: 

(A) the amount of force with which the car pushes on the truck is 

equal to that with which the truck pushes back on the car. 

(B) the amount of force with which the car pushes on the truck is 

smaller than that with which the truck pushes back on the car. 

(C) the amount of force with which the car pushes on the truck is 

greater than that with which the truck pushes back on the car. 

(D) the car’s engine is running so the car pushes against the truck, 

but the truck’s engine is not running so the truck cannot push 

back against the car. The truck is pushed forward simply because 

it is in the way of the car. 

(E)    neither the car nor the truck exert any force on the other. The 
truck is pushed forward simply because it is in the way of the car. 

16. After the car reaches the constant cruising speed at which the driver 

wishes to push the truck: 

(A) the amount of force with which the car pushes on the truck is 
equal to that with which the truck pushes back on the car. 

(B) the amount of force with which the car pushes on the truck is 
smaller than that with which the truck pushes back on the car. 

(C) the amount of force with which the car pushes on the truck is 
greater than that with which the truck pushes back on the car. 

(D) the car’s engine is running so the car pushes against the truck, 
but the truck’s engine is not running so the truck cannot push 
back against the car.  The truck is pushed forward simply because 
it is in the way of the car. 

(E) neither the car nor the truck exert any force on the other.  The 
truck is pushed forward simply because it is in the way of the car. 
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17. A bucket with water is being lifted  

up from the bottom of a well at constant  

speed by a rope as shown in the figure  

below. All frictional effects are 

negligible. In this situation, forces 

on the bucket are such that: 

(A) the upward force by the rope is 
greater than the downward force  
of gravity 

(B) the upward force by the rope is  

equal to the downward force of  

gravity. 

(C) the upward force by the rope is smaller than the downward  force 

of gravity.   

(D) the upward force by the rope is greater than the sum of the 
downward force of gravity and a downward force due to the air. 

(E) none of the above. (The bucket goes up because the rope is being 
shortened, not because an upward force is exerted on the bucket 
by the rope). 

  

    (A)                (B)                   (C)                (D)                (E) 

 

18. The figure below shows a boy swinging  

on a rope, starting at a point higher 

than point A. Consider the following  

distinct forces: 

 

1. A downward force of gravity. 

2. A force exerted by the rope  

      pointing from A to O. 

3. A force in the direction of the boy's motion. 

4. A force pointing from O to A. 

Bucket going up  

at constant speed 
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Which of the above forces is (are) acting on the boy when he is at 

position A? 

 

 

 

 

 (A) 1 only.        (B)1 and 2.         (C)1 and 3.   (D) 1, 2, and 3.    (E) 1, 3, and 4.  

19. The positions of two joggers, Ann and Pam, are shown below. The 
joggers are shown at successive equal time intervals, and they are 
moving towards the right.  

Do the joggers ever have the same speed? 

(A) No. 
(B) Yes, at instant 2. 
(C) Yes, at instant 5. 
(D) Yes, at instants 2 and 5. 
(E) Yes, at some time during the interval 3 to 4. 

20. The positions of two joggers, Ann and Pam, are represented below at 

successive equal time intervals.  The joggers are moving towards the 

right. 



 

25 

 

The accelerations of the joggers are related as follows: 

(A) The acceleration of Ann is greater than the acceleration of Pam. 

(B) The acceleration of Ann equals the acceleration of Pam.  Both 
accelerations are greater than zero. 

(C) The acceleration of Pam is greater than the acceleration of Ann.  

(D) The acceleration of Ann equals the acceleration of Pam.  Both 
accelerations are zero. 

(E) Not enough information is given to answer the question. 

USE THE STATEMENT AND FIGURE BELOW TO 
ANSWER THE NEXT FOUR QUESTIONS (21 through 
24).  

A rocket drifts sideways in outer space from point “a” to point “b” as 

shown below. The rocket is subject to no outside forces. Starting at position 

“b”, the rocket’s engine is turned on and produces a constant thrust (force on 

the rocket) at right angles to the line “ab”. The constant thrust is maintained 

until the rocket reaches a point “c” in space. 

21.  Which of the paths below best represents the path of the rocket between 

points “b” and “c”? 
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22. As the rocket moves from position “b” to position “c” its speed is: 

(A) constant. 
(B) continuously increasing. 
(C) continuously decreasing. 
(D) increasing for a while and constant thereafter. 
(E) constant for a while and decreasing thereafter. 

23. At point "c" the rocket’s engine is turned off and the thrust immediately 

drops to zero. Which of the paths below will the rocket follow beyond 

point “c”? 

24. Beyond position "c" the speed of the rocket is: 

(A) constant. 
(B) continuously increasing. 
(C) continuously decreasing. 
(D)  increasing for a while and constant thereafter.  
(E)  constant for a while and decreasing thereafter. 

 

25.  A woman exerts a constant horizontal force on a couch. 

As a result, the couch moves across    

the smooth, hardwood, horizontal  
floor at a constant speed "vo".  

The constant horizontal force (F)  

applied by the woman. 

(A) has the same magnitude as  

the weight (P) of the couch ( PF  ).  

(B) is greater than the weight of the couch ( PF  ). 

(C) has the same magnitude as the total force ( 21 ff  ) which resists 

the motion of the couch ( 21 ffF  ).  

(D) is greater than the total force which resists the motion of the 

couch ( 21 ffF  ). 

(E) is greater than either the weight of the couch or the total force 

which resists its motion ( PF   or 21 ff  ). 

F


2f


1f
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26. If the woman in the previous question doubles the horizontal force that 

she exerts on the couch to push it on the same horizontal floor, the 

couch then moves: 

(A) with a constant speed that is double the speed “vo” in the 

previous question. 

(B)  with a constant speed that is greater than the speed “vo” in  the 

previous question, but not necessarily twice as great. 

(C) for a while with a speed that is constant and greater than the 
speed “vo” in the previous question, then with a speed that 

increases thereafter. 

(D) for a while with an increasing speed, then with a constant speed 

thereafter. 

(E) with a continuously increasing speed. 

27. If the woman in question 25 suddenly stops applying a horizontal force 

to the couch, then the couch will: 

(A) immediately come to a stop . 
(B) continue moving at a constant speed for a while and then slow to 

a stop. 
(C) immediately start slowing to a stop. 
(D) continue at a constant speed. 
(E) increase its speed for a while and then start slowing to a stop. 
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28. Two figure skaters, Lisa who has a mass of 95 kg and Christine who has 

a mass of 77 kg, are standing on the ice with Lisa’s hands braced against 

Christine.  Lisa suddenly pushes off of Christine, causing them both to 

move. 

 

During the push and while the skaters are still touching one another:  

(A) neither skater exerts a force on the other. 
(B) Lisa exerts a force on Christine, but Christine doesn't exert any 

force on Lisa. 
(C) each skater exerts a force on the other, but Christine exerts the 

larger force. 
(D) each skater exerts a force on the other, but Lisa exerts the larger 

force. 
(E) each skater exerts the same amount of force on the other. 

29. A chair is at rest on a floor. Consider the following forces:  

1. A downward force of gravity. 

2. The sum of upward forces exerted by 

the   floor. 

3. A net downward force exerted by the 

air. 

Which of the forces is (are) acting on the chair? 

      

(A) 1 only.       (B) 1 and 2.      (C) 2 and 3.    (D) 1, 2, and 3.    (E) none of 

these. Since the chair is at rest there are no forces acting on it. 
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30. Despite a very strong wind, a tennis player manages to hit a tennis ball 

with her racquet so that the ball passes over the net and lands in her 

opponent's court. 

 Consider the following forces: 

1. A downward force of gravity. 

2. A force by the hit. 

3. A force exerted by the air. 

Which of the above forces is (are) acting on the tennis ball after it has 
left contact with the racquet and before it touches the ground? 

 

 

 

 

 

  (A) 1 only.    (B) 1 and 2.            (C) 1 and 3.     (D) 2 and 3.      (E) 1, 2, and 3. 

 


