
INSTITUTO POLITÉCNICO NACIONAL 

Centro de Investigación en Ciencia Aplicada y 
Tecnología Avanzada 

 

 

“Active Learning by Innovation in Teaching (ALIT),  

Discussion and Controversy Model in Physics Education” 

 

T E S I S  

QUE PARA OBTENER EL TÍTULO 

DE DOCTOR EN CIENCIAS 

EN FÍSICA EDUCATIVA  
 
 

 P R E S E N T A :  

 
DINA  IZADI 

 

 

Directores: Dr. César Eduardo Mora Ley 

Dr. Mario Humberto Ramírez Díaz 

 

México D. F., a Enero de 2014 



INSTITUTO  POLITÉCNICO  NACIONAL 
 

SECRETARÍA DE INVESTIGACIÓN Y POSGRADO 
 

 
ACTA DE REVISIÓN DE TESIS 

 
 
En la Ciudad de México D.F. siendo las 13:00 horas del día 29 del mes de 

octubre del 2013 se reunieron los miembros de la Comisión Revisora de la Tesis, designada 
por el Colegio de Profesores de Estudios de Posgrado e Investigación de CICATA-Legaria 
para examinar la tesis titulada: 
“Active Learning by Innovation in Teaching (ALIT), Discussion and Controversy Model in Physics  
Education” 
 
Presentada por la alumna: 
                            Izadi                                                                                                  Dina 
                   Apellido paterno                  Apellido materno                                       Nombre(s) 

Con registro: B 1 0 2 3 3 2 
aspirante de: 

Doctorado en Ciencias en Física Educativa 
Después de intercambiar opiniones los miembros de la Comisión manifestaron APROBAR LA TESIS, en 
virtud de que satisface los requisitos señalados por las disposiciones reglamentarias vigentes. 

 
LA COMISIÓN REVISORA 

 
 Directores de tesis  

  
 
 

  
 
 
 

 

 Dr. César Eduardo Mora Ley  Dr. Mario Humberto Ramírez Díaz  

  
 
 
 

  
 
 
 

 

 Dr. Daniel Sánchez Guzmán  Dr. Ricardo García Salcedo  

  
 
 

Dr. Rubén Sánchez Sánchez 

  
 
 
 

 

     

 PRESIDENTE DEL COLEGIO DE PROFESORES 
 
 
 
 

 

 Dr. José Antonio Calderón Arenas  
 

 

SIP-14-BIS 

 



 
 

CARTA CESIÓN DE DERECHOS 
 
 
 
En la Ciudad de México, D.F. el día _12_ del mes de _diciembre_del año 2013, la que 

suscribe ___Dina Izadi___alumna del Programa de _Doctorado en Ciencias en Física 

Educativa ____, con número de registro_B102332_, adscrita al ___CICATA Legaria___, 

manifiesta que es la autora intelectual del presente trabajo de Tesis bajo la dirección de los 

_Doctores César Eduardo Mora Ley y Mario Humberto Ramírez Díaz_ cede los 

derechos del trabajo titulado _Active Learning by Innovation in Teaching (ALIT), 

Discussion and Controversy Model in Physics Education_, al Instituto Politécnico Nacional 

para su difusión, con fines académicos y de investigación. 

 

Los usuarios de la información no deben reproducir el contenido textual, gráficas o datos 

del trabajo sin el permiso expreso de la autora y/o directores del trabajo. Este puede ser 

obtenido escribiendo a las siguientes direcciones: _cmoral@ipn.mx, _mramirezd@ipn.mx, 

_dizadi@ipn.mx_. Si el permiso se otorga, el usuario deberá dar el agradecimiento 

correspondiente y citar la fuente del mismo. 

 
 
 
 
 

Dina Izadi 
 Nombre y firma de la alumna 

 

INSTITUTO POLITÉCNICO NACIONAL 
SECRETARÍA DE INVESTIGACIÓN Y POSGRADO 



 

 

 

 

Dedication 
 

 

 

 

Dedicated to my husband and my daughters who provided me a comfortable 
environment to do this research 

  



 

 

 

 

Acknowledgements 
 

 

I am heartily thankful to my director, Dr. César Eduardo Mora Ley, who encouraged me to 
develop my education through distance learning and supported me during the completion of the 
project.  
Also I would like to thank Dr. Mario Humberto Ramírez Díaz as the codirector of this work. 

  

Page.2 



 
Abstract 

This research explores school students' attitudes to science education to establish why many disengage 

with the subject in class and what can be done to reverse this trend. Our traditional groups are students 

from several schools during 2005-2009 in 17 educational zones in Tehran and the experimental groups are 

teams who take part in several activities such as national and international tournaments. Students’ average 

scores in PYPT during 2010-2012 and IYPT 2012 have been compared with our control group to find the 

most important parameters which motivate students more in learning basic sciences effectively. This 

research analyzes how innovation in teaching and discussion in class can improve science education. This 

model is divided in two parts which in the first one teacher plays the important role by proposing topics 

which are related to the real life and the second part rely on the discussion among several teams in class. 

To compare the traditional education with experimental groups, correlation rank spearman (rho) is applied. 

The study involves 140 students at IYPT 2012 in Germany, and 9 teams (27 students) in PYPT 2010, 24 

teams (72 students) in PYPT 2011, 23 teams (69 students) in PYPT 2012 and (42 students) in PYPT 2013. 

As shown in our research the absolute value of difference between boys’ and girls’ average scores in our 

experimental group has decreased to (0.29) but in control group this difference is (2.66). The number of 

females was approximately 56.09 % in 2010, 43.6% in 2011 and 60.86% in 2012 and 50% in 2013. 

Although girls’ population are more than boys’ in experimental group but their average scores are 

lower.The number of problems which has been studied are problems number 1, 2, 3, 5, 6, 7, 8 10 and 11 

from 17 problems of national and international tournaments in 2012. To compare the relation between 

scores, the first and the third parts of the scoring guidelines for teams who present the problems and teams 

who discussed with them were collected. The average scores are divided in 5 ranges which are common 

among all experimental groups and traditional group. Absolute and relative frequency in each group show 

the maximum average scores for male and female separately and to find the deviation of all the scores in 

each group from the mean scores, variance and standard deviation were calculated. As shown the average 

scores of discussion parts are higher than presentation and it is repeatable in all the problems and the 

spearman rank correlation shows that the number of correlation in discussion part is lower than the 

presentation and it shows that the presentation average scores are more related to increasing ranking than 

discussion average scores.  
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Resumen 
Esta investigación explora las actitudes de los estudiantes de escuela para Educación en Ciencias para 

establecer por qué muchos se desacoplan del tema en clase y qué se puede hacer para revertir esta 

tendencia. Nuestros grupos tradicionales son estudiantes de varias escuelas durante el periodo 2005-2009 

en 17 zonas educativas en Teherán, Irán y los grupos experimentales son los equipos que participan en 

diversas actividades como torneos nacionales e internacionales. Las puntuaciones medias de los 

estudiantes en el PYPT (Torneo Persa de Jóvenes Físicos) de durante 2010-2012 y el IYPT 2012 se han 

comparado con nuestro grupo de control para encontrar los parámetros más importantes que motivan más 

a los estudiantes en el aprendizaje de las ciencias básicas con eficacia. Esta investigación analiza cómo la 

innovación en la enseñanza y la discusión en clase pueden mejorar la enseñanza de las ciencias. Este 

modelo se divide en dos partes, en la primera el profesor juega un papel importante al proponer temas que 

se relacionan con la vida real y en la segunda parte, se confia en la discusión entre varios equipos en clase. 

Para comparar la educación tradicional con grupos experimentales, se aplica el rango de correlación de 

Spearman (rho). El estudio incluye 140 estudiantes de IYPT 2012 en Alemania, y 9 equipos (27 

estudiantes) en PYPT 2010, 24 equipos (72 estudiantes) en PYPT 2011, 23 equipos (69 estudiantes) en 

PYPT 2012 y (42 estudiantes) en PYPT 2013. Como se muestra en nuestra investigación el valor absoluto 

de la diferencia entre los puntajes promedio de chicos y chicas en nuestro grupo experimental se ha 

reducido a 0.29, pero en el grupo de control de esta diferencia es de 2,66. El número de mujeres fue de 

aproximadamente 56,09 % en 2010, 43,6 % en 2011 y 60,86 % en 2012 y 50 % en 2013. Aunque la 

población de niñas es mayor que los niños en el grupo experimental, pero sus puntuaciones medios son 

menores. La serie de problemas que se han estudiado son los problemas 1, 2, 3, 5, 6, 7, 8, 10 y 11 de 17 

problemas de torneos nacionales e internacionales en 2012. Para comparar la relación entre las 

puntuaciones, se recolectaron la primera y la tercera partes de las orientaciones de puntuación para los 

equipos que se presentan los problemas y los equipos que discutieron con ellos. Las puntuaciones medias 

se dividen en 5 rangos que son comunes en todos los grupos experimentales y el grupo tradicional. La 

frecuencia absoluta y relativa de cada grupo muestran las puntuaciones medias máximas para hombres y 

mujeres por separado y se calculó la desviación estándar y la varianza para encontrar la desviación de 

todas las puntuaciones de cada grupo de la puntuación media. Como muestran las puntuaciones medias de 

las piezas de discusión son más altos que la presentación y es repetible en todos los problemas y la 

correlación de rango de Spearman muestra que el número de correlación en parte la discusión es más baja 

que la presentación y se nota que las puntuaciones medias de presentación están más relacionados para 

aumentar el ranking de puntuaciones medias de discusión. 
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1. Introduction 
 

 

Improving Lives is based on extensive research and education, and this enables people and nations 

to change their economic environment. Adequate investments in education facilitate the 

achievement of most other development goals and increase the probability that progress will be 

sustained. Education enhances the future of children and youth, as they prepare to participate in 

society and the economy. It also enables adults to gain the skills they need to lead productive 

lives. We are aware that the key to long term growth and technological progress depends on 

innovative product design, process engineering, and equipment. Students who learn new types of 

research and enhance their knowledge and skills for productivity can help to develop expert 

systems. So regional universities concerned with other countries can play the role is oriented 

toward transformational development, or sustained economic, social, and political progress.  

According to scientific forecasts the 21st will be first of all the age of information. As a result of 

rapid development and wide spread use of informational technologies, a huge amount of various 

types of information, including scientific and educational, will become available practically to 

every learner. Already now computers and the internet are being rapidly installed in schools. In 

all spheres of society there is a growing dynamism. It becomes more urgent to develop creative –

critical thinking in students, the ability to use new information on their own and to acquire new 

knowledge (Michelini, 2004)  

The perspective that teaching is a science suggests that the most important is the need for in depth 

knowledge of the science that will be teaching in the curriculum. Teaching should be viewed as 

an art to motivate students to look around themselves carefully in order to find the reason of each 

phenomenon happens in nature. Research has identified many serious conceptual and reasoning 

difficulties that are common among students majoring in physics and other sciences, prospective 

and practicing teachers and physics graduate students. 

Students, teachers, administrators and parents have remarkably similar views about education but 

what we know about how students learn best is that teachers use approaches which differ from 

convention. Maybe new models are in conflict with traditional ones but it can give students a 
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chance to know in a way that makes them curious about what they don't know. Today more than 

ever before, the future depends on students’ ability to apply the knowledge they learn in the 

classroom to solve real life problems such as global warming, climate change, air pollution, waste 

disposal, energy generation, world poverty and food production. In the incessantly changing 

world, students of the 21st century are very different from the students of the past.  

Systematic studies indicate that universities and high schools students often have conceptual 

difficulties in understanding and learning science. So new approaches to teaching based on active 

learning and data analysis can help them overcome learning difficulties (Izadi, D., Issanejad M., 

Izadipanah D., 2010). In order to be able to solve the problems faced by modern societies, students 

should learn how to apply science they learn in the classroom to the world around them. 

Unfortunately passive learning strategies and the testing systems utilized by many science 

teachers, create a gap between the “classroom science” and the “real world science” that has a 

potential to affect modern society. In countries such as Iran students who passed the entrance 

exam (Konkoor) with higher scores are more likely to be accepted to universities. However, most 

of the times the majors these students choose do not entirely reflect their interests. Often, students 

pass science courses and study science topics in the syllabus without acquiring any deep and 

meaningful knowledge of the subject. This lack of conceptual understanding is also reflected in 

how students’ success is measured: via end of semester grades obtained by solving plug-and-chug 

problems on science exams. An important aim of modern education should be helping students 

acquire and develop science knowledge, skills and abilities that they can apply to solve real life 

challenges. Research shows that students also need to develop communication and collaboration 

skills. This can be achieved via encouraging them to engage in active and creative learning in as 

many ways as possible (Ramsier, 2001). A key emphasis in active learning pedagogy is placed 

on the combination of the theoretical knowledge with experimental - practical skills, which are 

crucial for motivating students. Active learning environment also requires a cooperative and 

collaborative atmosphere, where students are encouraged to ask questions and work together to 

seek answers. One of the challenges active learning pedagogy aims to address is helping students 

see and critically examines the environment around them, think about the phenomena they 

encounter in the real life as scientists, and solve the problems faced by the society using novel 

approaches. 
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A growing number of modern high school and college teachers have already realized the 

importance of moving from a passive to an active learning environment in order to motivate 

students via engaging them in a meaningful learning process. However, many teachers feel a need 

for support in implementing active learning pedagogies in the classrooms: designing and 

implementing activities to be used inside and outside of the classroom, as well as choosing 

pedagogically effective activities relevant to their science curriculum from the plethora of 

activities produced by other educators (Freeman et al., 2007; Hoffman & Goodwin, 2006; C. 

Kalman, Antimirova, & Milner-Bolotin, 2009; Perkins et al., 2006; Ramsier, 2001; Sokoloff & 

Thornton, 2004) 

To improve the teaching of science to young students we must ask what we want them to know 

and be able to do and then prepare teachers accordingly. This research analyzes “Active Learning 

by Innovation in Teaching (ALIT), Discussions and Controversy Model” This model is divided 

in two parts which in the first one teacher plays the important role by finding topics are needed 

to be challenged among students and how these topics relate to their real life and students 

challenge and discuss with other groups in proposed subjects in competitions or in class (second 

part).  

The purpose of this research is to propose a view of education research that expands and supports 

instructor’s judgment as a juror rather than providing definite principles. Making a large science 

lecture interactive may seem almost impossible. The most difficult part about the large class is 

that due to its size there is very little real-time interaction between the students and the lecturer. 

The instructor often does not know how well the students understand the lecture or how actively 

they are involved in it. The lack of real-time communication might make it very difficult and 

misleading for both the students and the instructor. The students have to be actively involved in 

the lecture. To do so, an instructor suggests some topics to be discussed as a team work.  

To find out the appropriate and the best results the traditional teaching will be compared with this 

model in several activities and competitions.  
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2. Literature view 
 

 
Systematic studies indicate that universities and high schools students often have conceptual 

difficulties in understanding and learning science. So new approaches to teaching based on active 

learning and data analysis can help them overcome learning difficulties. 

The science community needs to change science education to make it effective and relevant for a 

much larger fraction of the student population than in the past. This need is the result of significant 

changes in the environment and society over the past several decades. But how successfully we 

are educating all students in science is very different from in the past, when the goal of science 

education was primarily to train only the tiny fraction of the population that would become future 

scientists. However, improving science education for all students is likely to produce more and 

better-educated scientists and engineers. 

Instructors most of the time in science courses have implicit expectations about what students 

should learn and how to learn it ( Oktay, 2009). Education research in chemistry; engineering and 

introductory science education generally although neither as extensive nor as systematic as that 

in physics is consistent with the latter in suggesting that, in conceptually difficult areas, Interactive 

Engagement (IE) methods are more effective than traditional T passive-student methods in 

enhancing students' understanding (Hake, 2007).  

Redish et al. (1998) refer to these goals as the “hidden curriculum.” Research has shown that most 

students have beliefs about physics and physics learning very different from that of an expert 

physicist (Redish et al., 1998). 

These prior assumptions and expectations may affect students’ learning of introductory physics. 

As Hammer (1994) reports, some students consider physics as weakly connected pieces of 

information to be learned separately, whereas others see physics as a coherent set of ideas to be 

learned together. Some students perceive learning physics as memorizing formulas and problem 

solving algorithms, while others think that learning involves developing a deeper conceptual 

understanding. Some students believe that physics is not connected to the real world, while others 

believe that ideas learned in physics are relevant and useful in a wide variety of real contexts. 
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Research has revealed that students can participate in instructional activities that help them learn 

conceptually without any impact on their beliefs about how to learn effectively (Elby, 2001). 

Despite the fact that some people believe having talent is adequate to bloom the abilities, one of 

the factors which help students to grow is the quality of education and teaching. But research 

should be considered as one of the most important parameters in education too. Students should 

learn and experience laws and concepts in science by research to improve their creative minds 

and it is necessary to be both imaginative and practical in drawing up their research proposals to 

focus in depth on what they have learned.  

Students’ views, expectations, and beliefs about physics and science in general has been 

evaluated using surveys, guided interviews, and observations (Kortemeyer, 2007). Analogy 

instruction on students’ success compared with traditional instruction, learning science by solving 

problems, teaching and learning by multimedia, asking students to respond a series of conceptual 

questions to find their issues in understanding different subjects all are trying to find the best way 

to motivate students in learning science. Interesting and motivating experiments can stop pupils 

of turning away from science. 

How many phenomena are shown at school and how many in science centers? Experiences lead 

us to say that not many are seen at school. Teachers show a few and leave the rest to the children’s 

imagination, based on the descriptions that can be found in books or in computer simulations 

(Michelini & Jona, 2005). 

In a teacher-centered learning environment, such as the traditional instruction, the teacher's 

primary functions are lecturing, designing assignments and tests, and grading. Some instructors 

use short quizzes at the beginning of every period for this purpose; others who don't want to spend 

a lot of class time administering and grading quizzes prefer to include questions on the readings 

assignments in their regularly scheduled examinations. 

In the student-centered learning environment, the students must take responsibility for their own 

learning (Kember & Gow, 1994; Voogt, Tilya, & van den Akker, 2009) . The students must 

identify what they need to learn to have a better understanding of the problem, and determine 

where to get the necessary information (books, magazines, teachers, other students, the internet, 

etc.) This approach forces students to become active learners, to take ownership of their learning 

and to work cooperatively. This process also increases students’ motivation to learn, improves 
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their retention of material, promotes deep conceptual understanding, and encourages more 

positive attitudes toward the subject (Bonwell & Eison, 1991; Bonwell & Sutherland, 1996; 

McKeachie, 1994) . In a teacher-centered learning environment, instructors often have implicit 

expectations about what students should learn and how they should learn it (Kember & Gow, 

1994). At the first glance, this approach seems to be a safer one. Yet it is less efficient, if we want 

to encourage our students to acquire critical thinking skills and develop positive attitudes about 

science. Sometimes, however, the students who have been accustomed to traditional pedagogies 

may resist student-centered pedagogies and collaborative learning approaches. They might prefer 

to learn individually without cooperating with other students. These students like to be more 

distinguished among other students and might not see how they will benefit from collaboration 

with peers. How can we encourage more students to become active learners instead of sitting in 

class, listening to their instructors, transcribing and memorizing meaningless formulae in order 

to get a passing score on the final exam? As educators we should consider how to help students 

become independent learners while applying their knowledge to solve real life problems, such as 

global warming, generation of renewable energy, reduction of carbon dioxide emissions (Izadi & 

Bolton, 2011, Izadi & Mora Ley, 2013). 
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3. General Objectives 
 

 

Educationalists often say that: 
“We should concentrate on learning instead of teaching in our classrooms and that the problem 

solving classroom will encourage good learning because problem solving is a doing activity 

instead of watching activity. But why some students do not engage in this activity. Are these 

problems difficult and boring? Don’t they understand the problems completely? Do they need 

to compare these problems with natural phenomena happen around them? Do they need more 

experiment to solve these problems?”  

These are some questions should be considered by teachers to motivate their students 

with different abilities and interests. Students should be notified about the importance of what 

they are taught. Some of the students have no interest in learning as they think these lessons are 

useless and they will not need them in the future. They should be given some examples of what 

they are learning in their daily life in order to aware them about the role of their knowledge in 

their life. This fact that they will be able to improve their life and even make more money with 

their studies can lead them to comprehend their lessons more enthusiastically. 

Physics is one of the basic sciences which students often do not see the contribution of physics to 

modern thought or the connection between the physics they learn and modern technology. This 

lack of exposure can result in a lack of interest in physics (Rebello & Zolman, 1999). 

Physics is the science of nature and you need to do practical experiments in order to comprehend 

it. Depending on the equipment available in schools’ laboratories how students learn it differs 

from one school to another. Also, working in groups may increase their cooperation in solving 

problems and understanding them. Putting students in groups of two or three in lab sessions are 

definitely useful to improve their efficiency and make them interested in physics. The friendlier 

the relation between teachers and students are, the higher the teaching quality goes. It is quite 

often seen that there were some questions for students that were not asked because they did not 

feel comfortable. Teachers also should care about attracting students to the lesson, giving 

comments while there are doing experiments, encouraging students’ creativity in solving 

problems in different ways and behaving in a respectful manner.  
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The last two decades have seen several attempts to embed computer modeling activities in the 

physics curriculum at high school and college levels. It seems clear that the increased use of 

computers will continue but the way to integrate computer modeling so as to produce measurable 

cognitive gains is not yet clear. For example, what computer modeling tool or tools should be 

used? In what format should computer models be made available? How will they be integrated 

with lecturing, practical and lab work? (Teodoro et al., 2010)  

Low cost laboratory activities, computer modeling activities, teaching/learning by interactive 

demonstrations, using software environment, the Moodle virtual classroom to allow international 

group collaborations and multimedia elements are increasing importance in physics education. In 

addition, it is possible to simulate complicated content, to present simultaneously different levels 

of abstraction and to help students gain a better understanding. Videos are widespread as are 

interactive screen experiments, computer generated simulations and animations (Michelini & 

Jona, 2005). 

We should come to notice that there is no border among different sciences and students can learn 

chemistry, physics, biology… simultaneously but a key factor in successful learning is a learner's 

motivation. There is increasing evidence that many students are unable to apply the physics that 

they have studied. For meaningful learning to occur, students need more assistance than they can 

obtain through listening to lectures, reading the textbook, and solving standard quantitative 

problems. Substitution the traditional modes of teaching and learning physics with new one will 

promote active learning. Different national and international tournaments which are either 

valuable to students or educators will improve their skills and the questions “what to teach” and 

“how to teach” which have been discussed by the didactics of physics for very long time seems 

to be responded. 

As course grades attest, many students who complete a typical introductory course can solve such 

problems satisfactorily through the use of formulas. However they often lack the functional 

understanding necessary to apply concepts learned in one context to another. Assertions and 

explanations by an instructor are not effective. The students themselves must go through the 

reasoning. We have found that a useful instructional strategy for obtaining the necessary 

intellectual commitment from students is to generate a conceptual conflict and to require them to 

resolve it. Connections among concepts, formal representations and the real world are often 
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lacking after traditional instruction. Students find it hard to relate equations and other scientific 

representations to one another and to actual objects and events. To improve the teaching of science 

to young students we must ask what we want them to know and be able to do and then prepare 

teachers accordingly. Most important is the need for in depth knowledge of the science that they 

will be teaching. In high schools the courses pay too little attention to the development of concepts 

and scientific reasoning skills, provide too little experience with phenomena and place too much 

emphasis on mathematical formalism (Michelini, 2004). 

Teachers must be more and more able to plan their activities by linking the class peculiarities with 

pupils’ needs and the requests coming from outsides the school. But most of the teachers are 

relying upon their traditional trends and persists against new methods. They are based on books 

and their personal way of teaching is so deep rooted that even innovative didactic approaches are 

misunderstood. 

We all believe that motivation is very important even at the university level but: 

 What is motivation and how we can motivate our students to study science eagerly? 

It seems clear that the increased use of computers will continue but: 

 How can the computer modeling help students to solve their problems? 

Teachers persist against new methods and are relying upon the traditional pedagogy so: 

 What kind of model can motivate them to change their method? 

Instead of memorizing formula without conceptual understanding in basic sciences: 

 How can teachers help students in building capacity? 
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4. Particular Objectives  
 

 

Scientific laws, principles and concepts can be better understood and experienced by the 

interactions of individuals solving problems in groups and in a laboratory style and the correlation 

between algorithmic mathematical skills and problem solving in physics. 

During the last 15 years, in most countries, the popularity of physics among students has been 

low and the enrolment has declined so different ways instead of traditional physical science 

instruction will lead to improve physics education for all students.  

Most students like novices see physics more as isolated pieces of information unrelated to the real 

world. But what we specifically should do students think like an expert. They should learn physics 

by experiments and see the content of physics as the concepts that describe nature and use in a 

wide variety of situations. Students should be able to solve problems correctly by learning the 

useful concept not by memorizing a lot of formulas. So instructors can move students from 

mindless memorization to understanding. Previous research has demonstrated that students 

categorize physics problems by the principles used to solve them but we should guide them to 

construct concepts and to apply them in real-world situations.  

To compare girls and boys in learning physics a final tests have been gathered at one of the zones 

in Tehran education. These data shows that girls got higher scores than boys in the same physics 

final test. Among fifteen-year-olds, about 60 percent more girls than boys meet expected targets 

for physics material and among seventeen-year-olds, girls' average score is 2 grades more than 

boys and move ahead of them in physics marks. As if that wasn't bad enough, recent testing has 

shown the performance gap that once existed between boys and girls in physics has now almost 

appeared (Fig.1). 
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Fig. 1: Comparing average grades in physics test between boys and girls in high schools, Iran 2005-2009 

It has been estimated if we develop our laboratory and different kinds of teaching to increase 

students' skills particularly boys, we could improve level of physics grades for both boys and girls 

in this zone. In the zone we studied most physics instruction is done by teacher-centered structure 

(Izadi et al., 2011). 

So it is urgent to present new method in education to motivate students and also teacher- training 

model is needed. General objectives in this research are as follows: 

 To find a systems of science- related motivations and attitudes to guide the development 

of curricula in promoting student understanding 

 To find a model in science education based on student center learning and conceptual 

understanding instead of memorizing 

 To solve problems in real life  

 To monitor educational outcomes by the model presents here 
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5. Students Center Learning Activities in Iran 
 

 

5-1) Experiment by Junior Students 

{Active Learning by Innovation in Teaching (ALIT)} 

Junior students learn how to do the experiments and collect data in a real world. The overall 

effects of our efforts improve the use of question and answer in the classroom which should be 

done experimentally. Some examples of effective questions in water world investigation are: 

 Have any of you tasted sea water? 

 What is your idea about floating in salt water? 

 Can you show an Ocean Volcano by an experiment in the laboratory? 

 Can you build Ocean Mountains and Valleys? 

 Waves, Tides and Currents? 

 Layers of Salt Water? 

 Ocean Temperature? 

 Water Pressure? 

 Underwater optics? 

 … 

 Oral Assessment 

To investigate water world and physical properties they are asked to bring samples from Caspian 

Sea in north of Iran and one of the saltiest lakes, Uremia Lake in west of Iran.  

 Q: What is desalination? 

Desalination is the process of removing dissolved salts from water. The two leading desalination 

technologies are thermal and membrane technologies. A thermal process involves the heating of 

saline water to produce water vapor that is, in turn, condensed to form fresh water. Membrane 

processes rely on permeable membranes to separate salts from water (Fig. 2).  
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Fig. 2: Boiling a sample of water from the Caspian Sea to find desalination 

Membrane processes can either be pressure-driven (reverse osmosis) which is now the most 

common method, or it could be voltage-driven (electro-dialysis). 

 Q: What do you see? Why is the wood floating higher in the sea water than it floated 

in fresh water? 

To compare fresh water and saline water students do several experiments explain their results in 

class (Fig. 3).   

 

 

 

 

 

Fig. 3: experiments by fresh and saline water 

 

 

 

 
 

 Q: Can you show an Ocean Volcano by an experiment in the laboratory? 

 

 

 
Fig.4: a sea floor volcano, http://sfos.uaf.edu 

We can float more easily in salt water than in fresh or regular 

water. The salt in the water makes the water more buoyant as 

you see in Lake Uremia. Salt water exerts more upward force 

than regular or fresh water to make something float. 
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Fig.5: Ocean Volcano Simulation in a glass of colored water 

Students describe a volcano eruption and explain how it changes the ocean’s floor (Fig.4, Fig.5).  

 Q: Can you: 

• Create Waves 

• Describe the effect  of  air on water 

• Describe the effect of wind on the ocean water 

• Describe High and Low Tides 

• Describe the Oceans’ Currents  

They can find:  

• How Are Wave’s Energy?  

• What Provides the Wave's Energy?  

• What Determines the Size of a Wave?  

• Can Wave Move Things?  

 

 

 

 

Waves are produced easily by diapason in class (Fig.6). One would think that a wave could move 

an item in the open seas towards shore. In reality, a cork in the middle of the ocean would move 

up and down, but not closer to land.  

The size of a wave depends on:  

1) The distance the wind blows (over open water) which is 
known as the "fetch",  

2) The length of time the wind blows, and  

3) The speed of the wind 
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Fig. 6: producing waves by a diapason  

A wave is the backward and forward and also up and down motion of water as it moves. When 

we blew on the water, it caused the water to surge in waves. The waves crested or peaked and 

then they died down, and ebbed and then began to crest again (Fig.7). 

 

 

 

 

 

Fig. 7: moving particles by waves (in an aquarium)  

They learn about: 

Crest, trough, wave height, period, wave breaking 

And also Tsunami 

After the huge volume of water has moved, the resulting wave is very long (the distance from 

crest to crest can be hundreds of miles long) but not very tall (roughly 3 feet tall). The wave 

propagates (spreads) across the sea in all directions; it can travel great distances from the source 

at tremendous speeds. By dropping an apple into a sink, a tiny model of a tsunami can be made 

(Fig.8). 
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Fig. 8: Modeling of a tsunami 

 Q: currents & Sea Diffusion 

 

Fig. 9: Several Sea Currents Simulation 

 

 

 

Surface ocean currents are mainly caused by wind. The winds that most affect the oceans' currents 

are:  

The Westerlies (40-50 degree latitudes) blow west to east.  

The Trade Winds (20 degree latitudes) blow east to west Both of these winds are a result of warm air 

from the tropics moving to the poles and the Coriolis effect (that due to the rotation of the Earth, water 

moves clockwise in the Northern Hemisphere and counter-clockwise in the Southern Hemisphere). 

Because these huge circular currents are blocked by continents, smaller (though still giant) ocean current 

circles called gyres are formed. 

 

The horizontal and vertical circulation of ocean waters 
is called currents. Major causes of ocean currents 
include wind friction, gravity, and variation in water 
density in different parts of the ocean.  
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 The Role of Density  

Differences in water density affect vertical ocean currents (movement of surface ocean water to 

the bottom of the ocean and movement of deep ocean water to the surface). 

Variations in water density are caused by variations in salinity (the amount of salt in water) and 

temperature. Saltier water is denser than less salty water; cold water is denser than warm water. 

Denser water tends to sink, while less dense water tends to rise. Cold-water currents occur as the 

cold water at the poles sinks and slowly moves toward the equator. Warm-water currents travel 

out from the equator along the surface, flowing toward the poles to replace the sinking cold water. 

As these currents mix the ocean’s surface and deep waters, they help replenish the oxygen in the 

water.  

Other Causes of Currents  

Other causes of currents include tides, rain, runoff, and ocean bottom topography. 

And… 

These all have been published as a research book, the attractive water world, of junior students. 

(Appendix I) 

5-2) Experiment by senior and undergraduate students 

{Active Learning by Innovation in Teaching (ALIT)} 

5-2 a) Iran in WWMD 2007-2009  

World Water Monitoring Day is an international education and outreach program by coordination 

of Water Monitoring Day, the Water Environment Federation (WEF) and the International Water 

Association (IWA) that builds public awareness and involvement in protecting water resources 

around the world by engaging citizens to conduct basic monitoring of their local water bodies. 

World Water Monitoring Day activities takes place from March through December each year and 

December 31 served as the deadline for reporting. All the participants sampled their local lakes, 

streams, rivers, ponds, estuaries and other Water bodies for four key water quality indicators: 

dissolved oxygen (DO), pH, temperature and turbidity. Some groups also monitored for the 

presence of certain macro invertebrates such as dragonflies, mayflies and scuds. Samples were 

taken in a range of settings—agricultural, commercial, residential and industrial—on six 
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continents. A total of 122,599 participants monitored sites worldwide, which represents a 67% 

increase over 2008. In Iran we have started this program since 2007. Each year we send some 

educational kits to the universities and schools that are willing to participate in these practical 

activities. The 1st workshop on WWMD was in 2009 and participants learned how to use the kits 

and how to do to do in situ experiments. 

Monitoring Four Rivers in Iran for WWMD™ 2007: 

Sikhoran, Roudan, Karaj and Jagerood Rivers  

Several students from universities and high schools took part in this project (Fig 10) to measure 

water quality parameters practically (table 1). 

 

Fig. 10: monitoring Rivers in Iran, 2007 

Table 1: WWMD Results in Iran, 2007 

Country Total Sites  Total  

Participants  

Ave. DO  

(PPM)  

Ave. 

Temperature (°C)  

Ave. pH  Ave. 

Turbidity (JTU)  

Iran  6  46  4.00  15.72  6.78  13.33  

5-2-b) Numerical Summary 2007  

Forty-three countries participated in World Water Monitoring Day™ 2007 and 46,117 

participants reported data from a total of 3,544 sites. Test Kits Distributed were about 10,636 and 

monitored sites were 3,544 and Total Participants were 46,117. The following figures represent 

the results of WWMD™ 2007 for the continents of North America, South America, Europe, Asia, 

Africa and Australia based upon the four WWMD™ water quality parameters (table 2). 

Table 2: Water quality parameters, 2007(http://www.worldwatermonitoringday.org/2007)  
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The in situ experiments have been done in different countries to get more details about water 

quality in the world (Fig. 11). 

  

 

 
 
 
 
 
 
 
 
 
 

Fig. 11: Ave. DO, PH, Temp.and Turb., 2007(http://www.worldwatermonitoringday.org/2007)  

5-2-c) Monitoring different Rivers in Iran for WWMD™ 2009  

In 2009, over 120,000 people in 81 countries monitored their local waterways. After the workshop 

on Nov. 20, 2009 by the Ariaian Young Innovative Minds Institute (AYIMI) students registered 

to receive the kits. 

Their measurements were from the samples of several rivers in three different cities in Iran, 

Tehran, Karaj and Tabriz. Darband and Darake are some kind of recreational centers and Karaj’s 

dam is one of the most important water reservoirs of Tehran. They started sampling on 14th and 

15th of December (table 3 and 4).  

By sampling these local waters they found that the water resources and the ingredients are one of 

the most important elements in their daily lives and should make effort protecting them from any 

kind of damages and pollutions and they have to know that living without healthy water is 

impossible. 

Table 3: Results in Iran, 2009 
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Country Participants Sites DO 

(PPM) 

pH Water Temp. (°C) Turbidity 

(JTU) 

Iran  56  23  4.56  7.31  5.79  17.25  

 

Table 4: Water quality parameters in Darband, Darake and Karaj, 2009 

Location  Date  Time  Air Temp  
(˚C)  

Water Temp  
(˚C)  

Tur  
(JTU)  

Do  
(ppm)  

pH  Saturation  

Darband creek  2009/12/14  8:26 A.M  0  2  0  8  7  58%  
Darake creek  2009/12/14  10:58  

A.M  
2  2  0  8  8  58%  

Karaj dam lake  2009/12/14  4:30  
P.M  

4  6  40  4  7.5  31%  

Darband  2009/12/15  8:13  
A.M  

2  3  0  8  7  61%  

Darake  2009/12/15  10:30  
P.M  

2  4  0  8  7.5  61%  

Karaj  2009/12/15  15:12  
P.M  

4  6  40  8  7.5  64%  

Kandowan is a popular town in Eastern Azerbaijan of Iran. There is a river with name of 

Kandowan Chaei. Also there is a pipe that pumps the water from Kandowan spring that has 

Mineral Water. Students after hiking in Sahand Mountain went to a lake on top of the mountain 

(Fig. 12) and tested the water (table 5).  

Table 5: Water quality parameters in Azerbaijan, 2009 

Location  Date  Coordinates  Air 
Temp  
(˚C)  

Water 
Temp  
(˚C)  

Tur.  
(JTU)  

Do  
(ppm)  

pH  

Kandowan River  2009/12/25  37.81346.3113  3  2.5  50.000  4  8  
Kandowan Spring (Mineral 
Water)  

2009/12/25  37.73146.3345  3  4  0  3  7  

The lake on top of the Sahand 
mountain  

2009/12/25  37.726746.3465  -2  2.3  0  2  6  

Basmenj river  2009/12/25  37.985946.4921  8  6  30.000  0  6  
Jeghateh chaei  2009/12/26  36.971246.1149  14  10.6  30.000  4  8  
Zarrine  2009/12/26  36.98246.1091  14  9.3  6.660  8  8  
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Fig. 12: In situ experiments in Iran, 2009 

5-2-d) Numerical Summary 2009  

Over 120000 people participated in World Water Monitoring Day™ 2009. Test Kits Distributed 

were about 16000 and monitored sites were 8000. The following figures represent the results of 

WWMD™ 2009 for the continents of North America, South America, Europe, Asia, Africa and 

Australia based upon the four WWMD™ water quality parameters (table 6) 

Table 6: Water quality parameters, 2009 (http://www.worldwatermonitoringday.org/2009)  

 
The average PH, DO, temperature and turbidity were measured to compare water quality (Fig. 
13).  

 

 

 

 

 

Fig. 13: .Average DO, PH, Temperature and Turbidity, 2009(http://www.worldwatermonitoringday.org/2009) 
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The actual monitoring shows some human activities like washing and swimming along the 

streams causes pollutions and people need healthy water to drink. Surveys at various sites 

included measurements for temperature, pH, dissolved oxygen and turbidity are done by 

monitoring equipments supplied by the World Water Monitoring Day program. The testing water 

exists in the world help us to know what is accessible to us, and why it is important to conserve 

and protect our water world. 

5-3) National and International Competitions 
{Discussion and Controversy Model} 

Research over the past 30 years has shown that students fail to evidence deep understanding of 

science content and process when subjected to conventional instruction of lecture and 

demonstrations. Synergistic research by cognitive and physical scientists in the past several 

decades have given rise to successful efforts in challenging the solipsistic way in which students 

are being taught. Physics education research or PER has shown that highly interactive engagement 

of physics students based on pedagogy that has an element of careful guidance is critical for deep 

learning of physics. Transmission of information, no matter no skillfully or artfully presented, 

does little more that convince students that a memorization of facts and equations is the sine qua 

non of science in general and physics in particular. Furthermore, we now know that carefully 

crafted lectures, including (passive) visuals, whether in situ or a virtual space, will not help to 

answer in the affirmative the question posed by Hake in a recent article. “Distance and Classroom 

Learning: Is There Any?” The reason for these failed educational ‘experiments’ may be explained 

by what educational psychologists call the “curse of knowledge”: ‘The more one knows, the more 

difficult it is, for most people, to understand how some other person could not know what we 

know.’ The past 20 years of PER has enabled those in this reform movement to put to rest the 

notion that good teaching is an ‘art’ possessed by only a select few. Many in the physics 

community are now using highly interactive pedagogical methods which result in their students 

showing considerable improvement in basic and conceptual understanding of physics (Meisner et 

al. 2008). 

In spite of the best efforts of teachers, typical students are also learning that physics is boring and 

irrelevant to understanding the world around them. So we need to change science education to 

make it more attractive and relevant for a much larger fraction of the student population than in 

the past. PYPT and IYPT is a new method in physics education which by research on learning, 
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experiments in labs and practical activities has provided results that help traditional instruction to 

improve and it makes connection between theory and experiment. 

International Young Physicists’ Tournament, IYPT, and Persian Young Physicists’ Tournament, 

PYPT, are new methods in physics education which students know and understand definitions, 

terminology, facts, concepts, principles and operations. They are able to communicate what they 

know to others and know how to apply what they have learned to analyze situations and solve 

problems; and can develop their ability to evaluate critically the usefulness of various problem-

solving approaches.  

5-3-a) PYPT in Education 

To provide a program of educating and supporting teaching assistants, Persian Young Physicists’ 

Tournament, PYPT, has been organized to develop assessment tools to evaluate student progress 

in problem solving, technical presentation in English which is not their native language, and team 

working. The 1st Persian Young Physicists’ Tournament (PYPT) was in March 2008 which two 

selected teams participated in Austria (AYPT) and IYPT to get the first experience from this 

attractive challenge. Now students from different high schools in Iran are able to request entry 

into PYPT which is carried out in a period determined by the PYPT Executive Committee 

(ECO). The best teams challenge in final and receive rewards but the best students with highest 

individually scores as the PYPT Regulations are selected and after education, to participate in 

International Young Physicists’ Tournament, IYPT. The rules for presentation of the results, 

opposition, reviewing and judgment by the jury have been fixed in the Regulations of PYPT 

which is different from regulations of IYPT in some parts. PYPT Jurors are selected from 

different universities and physics teachers from schools. 

There are three students in a group, from upper secondary schools, up to the age of 18 or 19, 

which are able to request entry into PYPT. They should work on 17 IYPT problems, using the 

computer programming and experiments in labs. There are not specific solutions for these 

problems so research and experiment are the main factors to direct them in finding the best 

solution.  

5-3-b) Perspectives on a Moment which Students Debate on a Problem 

Each year after the national tournament selected students come together and talk about problems 

which should be completed to present in international tournaments.  
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Experiments have the important role in solving problems as they can help students to go through 

all the step of cognitive process: raising questions, predicting, constructing models, planning 

experiments, carrying out investigations, measuring, handling the data, analyzing, drawing 

conclusions, interpreting results.  

Students investigate scientific concepts and phenomena firsthand, record and reflect on their 

observations, share their findings with others and apply the skills and knowledge they have gained 

to new situations. 

Some parts of discussion among students during challenge and controversy: 

PYPT/IYPT 2012 Problem No. 11: Flat flow 
Team from Iran as the Reporter 

 
 
 
 
 

 

 

 

Comprehension 
• Observations  

•  Different liquids 
•  Literature review 
•  Microscopic point of view 

•  Explaining the  phenomenon  
 Theory  

• Qualitative Explanation  
•  Fingering  
•  Damping 

•  Assumptions  
•  Flow Governing Equations 
•  Numerical Solution  
•  Fourier Series  
•  Modeling(Growth Equations)  
•  Theory Development  

•  Plate Deflection  
•  Theoretical Results  

•  Graphs 
•  Pattern  

• Experiment  
• Experimental Setup  
•  Materials 
•  Qualitative Experiments 

•  Comparing with Theory 
•  Quantitative Experiments 

Fill a thin gap between two large transparent horizontal parallel plates 
with a liquid and make a little hole in the centre of one of the plates. 
Investigate the flow in such a cell, if a different liquid is injected through 
the hole. 

Thin 
gap 
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•  Image Processing  
•  Experimental Results 

•  Fingers Properties 
•  Pattern 

Conclusion 
• Theory vs. Experiment 
•  Concluding Theory 
•  Concluding Experiments  

 
1- Comprehension 

Reporter: At first we inject glecirin into water and although at first there is irregularity in patterns but at 
last we see circular patterns as expected (Fig.14). But when we inject water into glecirine we see unexpected 
patterns which are really interesting and we have investigated the reason of this phenomenon. If we look at 
these patterns more carefully we see at first moment it is up and down that is intitial disturbances but little 
by little and through time it grows and changes to stable fingers (Fig. 15). Through our experiments we 
inject different liquids into each other to find several patterns (Fig. 16).  

 
 

Fig. 14: injecting water into clycerin 

    

  
Fig. 15: injecting water into Glycerin 

   

Fig. 16: several liquids are injected in gap for initial observations 
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To proceed to theory we are going to review on what others have done.In many refreces they believe that 
the main reason is viscosity differences. So due to the refrences our perception of different liquids that is 
mentioned in the problem is their difference in viscosity. So we have gone to the theory, qualitative 
explanation, the governing equations, modeling and at last we will get our results.  

Literature Review 

• Viscous fingering of a miscible high viscosity slice of fluid displaced by a lower viscosity fluid is 
studied in porous media (A. De Wit, Y. Bertho, M. Martin “Viscous fingering of miscible slices” 
PHYSICS OF FLUIDS  2005) 

• Viscous fingering is an ubiquitous hydrodynamic instability that occurs as soon as a fluid of given 
viscosity displaces another more viscous one in a porous medium (G. M. Homsy, “Viscous 
fingering in porous media,” Annu. Rev. Fluid Mech. 1987) 

• Since the physical properties of a fluid depend on both its composition and temperature, one should 
expect the viscosity to change across both fronts.(M. N. Islam, B. B. Maini and J. Azaiez “ 
Nonlinear Simulation of Thermo-viscous Fingering in Miscible Displacements in Porous Media” 
21st International Symposium on High Performance Computing Systems and Applications.2007) 

• Recently there has occurred an explosive burst of activity focused on the wide range of physical 
phenomena that occur when a low-viscosity liquid is forced into a high viscosity liquid.(Gerard 
Daccord and johann nittmann “Radial viscous fingering and diffusion limited aggregation )  

Explanation 

Rep.: What we expected was circular pattern but in reality we saw fingering pattern.  

The initial disturbance is a probability phenomenon:  

 

 

 

 

 

 

A function of inhomogeneities on the surface of the plates, irregularities in the gap thickness, or 
even from thermal or pressure fluctuations (M.J.P. Gingras, Z. R´acz, Phys. Rev. A 40 (1989)) 

The initial disturbencs are the main reason of this phenomenon and this initial disturbence is the probability 
phenomenon and as the refrences believe they are function of the homogenaties on the surface of the plates 
or the irregularities of the gap thickness or even from pressure or thermal fluctuations. 

Assume we inject water into glecirine so we can see at the interface some bumps that we call them protrusion 
and some troughs. So we divide whole domain in two parts P and T. Since the T part has more glecirine its 
viscosity is closer to glecirine viscosity and for P part it is vice versa and for the part that viscosity is lower 
the velocity would be higher so it grows faster and it changes to the stable finger (Fig. 17)  

• Initial prediction: Circular pattern 
(Symmetric)  

• Observation: Fingering 
(Asymmetric)  

The reason of this incompatibility is the 
initial disturbances  
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Fig. 17: Small protrusions of the interface grow much faster than do the troughs 

(“Soft Matter Physics”, Maurice Kleman, Oleg D. Larentovicvh) 

The interface of the fingers has some instability too and they have some disturbences and grow themselves 
so through time one finger changes to new fingers and this happens continuesly. The protrusions of the 
fingers grow and change to new fingers. 

Theoritical approach 

For the theoretical approach first of all the assumption is the gap between the plates is thin as mentioned in 
the problem. We consider Reynolds number which is low and viscous forces are dominant compare to 
inertial ones. The last assumption is that because we have horizontal plate we have no gravity and no body 
force. So we have the navier stocks equation for fluids flow as a general equation but we can neglect the 
inertia and the body force part and by integrating the formula we can find the relation between the velocity 
and pressure gradiant that is similar to Darcy for flows in prous media (Fig. 18). 

  

Assumptions: 

                                             Fig. 18: For flows in porous media  

 

                                                                                                  For flows in porous media 

No slip boundary condition:                                                       

(“Soft Matter Physics”, Maurice Kleman, Oleg D. Lavrentovich)  

Numerical Solution, Theory Validation 

For investigation the validation we solved the equation by CFD solver fluent. We found the patterns in low 
and high surface tension. Due to our numerical results we found that Darcy can describe both fingering and 
flow in our phenomenon (Fig. 19).  
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Fig. 19: Low surface tension                 High surface tension  

We introduce our modeling based on the Fourier principals. We assume the perturbations in the interface 
as a summation of sinusoids. We have three sinusoid paterns with different amplitudes and different 
wavelengths. If we sum them using furrier series formula we can get such kind of patterns as the resultant 
(Fig. 20) 

   

      

Fig. 20: Three sinusoid patterns 

 

Darcy law can describe the flow and the fingering  

And it is countiued….  

After presentation by the Reporter the Opponent moves on to the questions from the Reporter to 
make them ready to challenge with each other.  

Opp.: Haw thin was your plate gap?  

Rep: 1 mm or less than that 

Opp.: How did you mentain the plate horizontal or parrarel?  

Rep: If we have the horizontal surface and place the plate on this place we can assum that plates are parrarel. 
We had two identical plates without any difference in their place.   

Opp.: What liquid parameters are the most relevant parameter in this phenomenon?  

   

 

Page.36 



Rep: This problem happens because of the difference in viscousity but what determines the pattern or the 
flow can be surface tension and the dnsity would be important if the gap is not that thin.  

And it is countiued….  

Scientific Challenge and Controversy 

 Beginning of the opposition (Opponent team Korea): 

Opponent starts with an overview on the presentation by the Reporter to clarify the weakness strength and 
misspoints of the presentation and what is he going to talk and discuss about them then he invites Reporter 
to challenge and controversy.  

Opp: what is exactly the role of the viscousity difference and surface tension upon the stability? 

Rep.: The main reason in this problem is because of the viscousity which is different in liquids. As we saw 
when we injected high viscous fluid like glecyrin into the water we saw just the circular pattern but what 
can control the pattern is somehow surface tention. But what is the role of surface tension exactly? If surface 
tension is high it would prevent to have this kind of curvature.  

Opp: what is that? Please explain it. 

Rep.: Because we know that we have the relation for the surface tension, pressure difference and radius of 
curvature. 

Opp: Ok thank you. However more clarification on the role of viscousity you have mentioned when you 
inject less viscous liquid into more viscous liquid but the opposite sense we have not seen such phenomenon. 
I believe that physical justification is needed to provide and how exactly this mechanism is done? 

Rep.: As we saw Darcy has a term of viscousity.  

Opp: would you explain qualitatively. 

Rep.: Yes of course. Assume that we are in a media with more glecyrine, the viscousity is higher. If we 
have constant pressure difference between the two sites, the velocity when we have higher viscousity would 
be less compare to where we have lower viscousity. 

Opp: could you draw the perturbation on the board?  

Rep.: Yes of course. 

Opp: (On the board the Opp. starts to explain about his question) you have fluid advancing from the less 
viscous fluid to more vicous fluid and this means for fingerin to occure the velocity here has been greater 
than the other part .yes? 

Rep.: Yes. 

Opp: you explained because of the pressure difference. Right? 

Rep.: Yes…  

And it is countiued….  
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6. Materials and Methods 
 

 

6-1) The Role of Experiments and Discussion in Physics Education 
(EDPE) 

How can we motivate our students with different abilities and interests? Like all other sciences, 

physics is based on experimental observations and quantitative measurements which mathematics 

is a tool that makes connection between theory and experiment. There are fundamental laws that 

govern natural phenomena and they are used to develop theories that can predict the results of 

future experiments. But in many countries there is much discussions about the role of problem 

solving in the curriculum.  

Discussion and Controversy help every student to be actively engaged in the classroom and 

to help teachers to promote interaction among students. The instructor often does not know how 

well the students understand the lecture or how actively they are involved in it. Even though the 

beauty of physics lies in the simplicity of the fundamental physical theories and in the manner in 

which just a small number of fundamental concepts, equations, and assumptions can alter and 

expand our view of the world around us but it is too hard for some of the students to learn it. So 

creating a friendly environment for discussion and involving students to find a new method in 

solving the problems makes students think more and try to invent something new and extend their 

abilities. Combination of the knowledge and experiments to motivate students is an important 

factor in active learning but to improve it in a high level we need a debating and asking in a 

cooperative atmosphere in physics education. Report the results in a team work, makes 

themselves-confidence and enables them to defend their qualitative and quantitative approaches 

and deductions, which enable students to learn how evaluate their data statistically. Doing 

experiments with fun, investigating the phenomenon by research, comparing quantitative and 

qualitative measurements, using programming software ,all are different processes in research 

projects which help students to find their interests in particular major and active learning. 

Instructors after posting the questions ask students to discuss their answer with each other. During 

the sequences which are carried out, the following kinds of activities cause students and teachers 

motivation in physics:  
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a) problems which are attractive, practical and related to everyday life, will encourage 

students more to solve the problems and find the solutions practically 

b) Involving students by teachers to find a new method in solving the problems, this 

makes students think more and try to invent something new and extend their abilities 

c) Qualitative and quantitative approaches and deductions, which enable students to 

learn how evaluate their data statistically and compare by plotting graphs 

d) Report the results in a competition individually or in a team work, makes them self-

confidence and enables them to defend their projects 

6-1-1) Different Process in research projects  

Sometimes students might require guidance in research projects. Research helps us to see the 

world with fresh eyes so we can find our place in this world. Re-SEARCH implies two aspects 

focus on: 1- what and how can we search for in enough details 2- how and what we think about 

it and its affection in the real world and we should think about both these aspects. Teachers can 

give an idea about a phenomenon which occurs around us without notification and ask their 

students to think and find the different process to investigate it. A team work is very useful 

because different ideas can be added to help each other. As an example teachers can talk with 

students about the motion of honey being drizzled. Students who are interested in this subject can 

start with: 

6-1-1-a) Doing experiments with fun 

Making physics interesting for students plays a prominent role in learning. Students should have 

fun during their classes and they should enjoy while doing an experiment or even some 

calculations, as if they are in a playground. They should eagerly find a way to solve their problems 

and learn how to cooperate with each other. Although some specialists believe that teachers 

should be very strict and do not let their students move during the class, they should be invited to 

work in pairs or groups to discuss. Also as a matter of memorizing, they can remember what they 

were taught much more easily if they learn it in a different way. By pouring honey they will see 

its amazing shape which comes done like a spring (Fig. 21). Students should do more experiments 

to get the best results. 
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Fig. 21: The motion of honey such as spring 

6-1-1-b) Investigating the phenomenon by research  

Physics is the science of nature. It is meaningless to say that it can be learned by reading some 

books and memorizing mathematical formulas. It should be touched by the students and it is not 

possible unless they do some research projects. Some problems should be designed by teachers 

and ask students to find a solution for that in a specified period of time. To find the most important 

parameters which affect the spring shape of honey when it pours down, students should learn 

different fluid mechanics, do different experiments, make their research by internet and so on 

(Fig. 22).  

   
Fig. 22: investigating the motion of honey  
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Coiling is determined by the balance of 3 forces in the coil portion of the viscous fluid: 

  viscous forces 

 Gravitational forces 

 inertial forces 

Theory:  
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And it is continued… 

6-1-1-c) comparing quantitative and qualitative measurements 

Some of these questions (but not essentially all of them) need some experimental setups. In this 

case students can compare their quantitative and qualitative results and find out how accurate 

their experiment was (Fig. 23). To find the shearing stress between the layers of honey; the 

dependency of either dynamic or kinematic viscosity of honey to temperature; calculating the 

Reynolds number are some of the quantitative measurements. Moreover, the results can be 

compared with other groups to discuss about the qualitative measurements too. Students can also 

notice the other possible solutions for their problem or guide their fellow mates. 
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Fig. 23: comparing the quantitative and qualitative results 

By implementing some basic and simple research projects, in fact students can get ready to 

analyze some more complicated effects. This highlights the significance of research projects in 

the future. 
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6-2) Active Learning by Innovation in Teaching” (ALIT) to Develop 
Student-Centered Education 

What if students show little interest in learning? We have students who appear to have little 

interest in anything being taught to them. They do not become involved in the task and there is 

little attempt to improve in the activity. There are a number of possible reasons for this situation 

occurring. Perhaps the activity is boring. Perhaps the students can't find the relation between the 

activity and real life. Perhaps the students feel the activity is too hard, or that they lack ability, or 

perhaps they are afraid of evaluation and failure.  

We are aware that there is great variation from individual to individual on level of motivation for 

particular tasks. Some students just seem easier to motivate than others. The students must 

identify what they need to learn to have a better understanding of the problem, and determine 

where to get the necessary information (books, magazines, teachers, other students, the internet, 

etc.). This approach forces students to become active learners, to take ownership of their learning 

and to work cooperatively. This process also increases students’ motivation to learn, improves 

their retention of material, promotes deep conceptual understanding, and encourages more 

positive attitudes toward the subject (Bonwell & Eison, 1991; Bonwell & Sutherland, 1996; 

McKeachie, 1994) . 

Ariaian Young Innovative Minds Institute (AYIMI) is a scientific institute located in Iran. It was 

founded in 2009 (http://www.ayimi.org). It aims at improving science learning via providing 

opportunities for the students to apply science to solve real life problems. Its other goal is to 

investigate students’ views about the nature of science and about what it takes to learn science 

(Buffler, Lubben, & Ibrahim, 2009;C. S. Kalman, 2009) . Assessment of student learning is 

completely different in AYIMI activities. To make a transition from passive to active learning, 

and engage students in the learning process, “Active Learning by Innovation in Teaching” (ALIT) 

model is introduced (Fig. 24).  
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Fig. 24: Active Learning by Innovation in Teaching (ALIT) Model. 

This model offers students different approaches to solving problems and to investigating 

suggested science topics. AYIMI follows the ALIT model for science teaching. In this model, 

the students learn to use science to improve their society and solve some of its most important 

problems. ALIT pedagogy encourages students to work cooperatively to achieve common goals. 

6-2-1). What Do Teachers Do? 

6-2-1-a) Suggest a topic to be presented 

A science teacher discusses with the students different topics relevant to the curriculum and 

relevant to the students that might require further investigation. The class can brainstorm possible 

problems that the students will investigate and later present to the class. Alternatively, a teacher 

might suggest a topic for investigation in class and then ask the students to think about possible 

experiments that they can perform to investigate this topic. These experiments might be conducted 

by the students working in groups outside of class, or a teacher might support the students by 

providing them with necessary facilities at school. To help the students build on their prior 

knowledge and motivate them to explore the topic of interest to them, a teacher might ask the 

What do teachers do? 

Suggest a topic to be presented Provide different facilities 

Final assessment 

What do students do? 

Research & Experiment 

 

Report the results without any new idea Report the results with a new idea and invention 
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students to think about the topic and write down what they already know on this subject. Then 

the students discuss their notes with peers and research related subjects to this topic in scientific 

books or on the internet. Teachers can devise a method of approaching the subject from the 

students’ point of view. It is important to consider what was taught in previous classes, how the 

topic might be of interest to the students, how the topic of investigation might link to other school 

subjects. Then the teacher invites the students to discuss what they need to study and perform 

their experiment in front of the entire class. 

6-2-1-b) Provide different facilities  

According to the topic and what the students need to do to conduct an experiment, a teacher might 

provide them with different facilities and resources. These resources are used in order to conduct 

the preliminary experiments in class. However, students can design a more complicated 

experimental apparatus by themselves in order to obtain more advanced results. In a laboratory, 

the students work in groups to design their own experimental setup and collect the best possible 

results to address the problem under investigation.  

6-2-1-c) Final Assessment 

In traditional learning environments, the focus is most often placed on summative assessment: 

quizzes, exams, final papers (Angelo & Cross, 1993). For many students, this feedback is not 

useful in terms of their learning outcomes. A formative, ongoing assessment has been proven to 

be more effective in helping students learn science (Beatty et al., 2008; Etkina, 2000; Feldman & 

Capobianco, 2008; Mishra, Koehler, & Henriksen, 2011; Rodriguez, 1998) . 

In ALIT model teachers can provide continuous ongoing feedback on students’ work: evaluate 

the groups’ interpretations, their results, their experimental setup, etc. At the capstone event of 

the ALIT model, different groups present their projects in a competition. Students and teachers 

also comprise the jury that judges the projects. Students’ performance, the quality of their team 

work, the performance of project-related practical tasks, introduction of novel approaches in 

solving problems which can help them in real life, as well as students’ confidence in project 

presentation are the most important parameters that guide the evaluation process. 

The final assessment has the following components: 

 Individual responsibility of team members 

 Quality of student collaboration 

 Quality of face-to-face interactions 
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 The level of students’ self- confidence 

 Quality and quantity of student learning 

 The approach in finding the best solution 

 The quality of the design of a method or apparatus related to the topic  

6-2-2) What Do Students Do? 

6-2-2-a) Research & Experiment 

Unlike the traditional teacher-centered learning environments, in the proposed model, teacher’s 

primary role is to direct student thinking and help them integrated their prior knowledge, find 

useful resources via conducting independent research and do independent investigation. This 

model is akin to Project-Based Instruction discussed elsewhere (Blumenfeld et al., 1991; Krajcik 

et al., 1998). The students take notes and build models which are consistent with their preliminary 

findings. They brainstorm ideas in their groups to define the research focus – the problem they 

will investigate. The next step is conducting experiments which help students integrate science 

concepts and apply them to solve a specific problem. For example, a teacher asked the students 

to design an experiment that involved a ball. One of the teams decided to find parameters that 

help describe the collisions of this ball with different objects made of different materials. In 

physics, elasticity is defined as an ability of a material to return to its original shape after the stress 

(e.g. external forces) that made it deform has been removed. The weft and warp of different 

fabrics have been measured and with a high speed camera the falling objects (different balls) 

which heating targets (different fabrics) have been clearly analyzed. Then in laminar flow the 

relation between resilience coefficients and weft and warp of different fabrics have been analyzed 

with MATLAB (www.mathworks.com) software. Other students built a gun which is made from 

a solenoid and a ball and found the optimum velocity of this electromagnetic gun. Another group 

suggested a model to use tidal energy, as a renewable energy, to generate electricity by making 

the tidal water enter a specially designed cylinder with a piston. In these experiments the students 

have an opportunity to show their creativity. Engaging in a long-term project with a team of 3-6 

students allows them to apply scientific concepts more thoroughly while solving a meaningful 

science problem under the guidance of a teacher.  

6-2-2-b) Report the Results 

The results from students’ independent or group investigation are reported in class. Some of the 

results will show known relations between different parameters. However, sometimes the 
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experiment will allow the students to unveil new previously unknown relations. Students are 

invited to take part in a competition with other groups and defend their projects. The groups who 

have worked in depth and are able to defend their findings and illustrate the research process in 

depth will win the competition. 

6-2-3) Students’ Role in ALIT 

The students’ role in ALIT can be described as follows: 

 Forming a group in which each member takes specific responsibility 

 Carrying out the research projects in each group  

 Talking in class and producing a first stage report 

 Designing a model to explain the observations 

 Clarify the main approach in solving problem 

 Carrying out different experiments and explaining observations 

 Collecting data 

 Analyzing data and sometimes comparing these data to a simulation 

 Presenting the results of the investigations in front of other teams and jury to challenge 

their topics with different team members 

 Writing a final report 

6-3) Fighting and Reviewing  
The instructor often does not know how well the students understand the lecture or how actively 

they are involved in it. By proposing subjects which students are interested to do them practically 

they actively be involved in the lecture. Students discuss with their peers and by fighting 

scientifically and challenging with other groups in class they learn how to think such as a scientist. 

By making several questions targeting the concept they try to make the subject as clear as 

possible. All groups should control a scientific fight by the following instructors:  

 Think carefully about the main concepts of every part of the topic which is presented  

 Try to make the question related to the topic as clear as possible  

 Consult with other team members 

 Talk about pros and cons of the topic which is presented 

 Do not spend too much time on one question to miss all the other subjects to be 

discussed  

 Create a learning-friendly environment of mutual respect without aggressive manner  
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Other team will review these two groups which have discussed and challenged about a specific 

topic. Although they have not been engaged in this topic before but after discussion they can talk 

about the pros and cons of these two groups. 
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7. Methodology 
 

 

7-1) Methodological Approach 

As we know there were both scientists and scientific books in ancient Iran. After the third Islamic 

century, traces of the remaining Iranian books were found in the greater "Khorasaan" area. From 

that time on, the Iranians started to revive their ancient knowledge. Very many of the great Iranian 

scientists and philosophers such as "Abou Reyhan-e Birooni", "Abou Ali Sina", "Khayyam", 

"Khaajeh Nasireddin-e Toosi", "Aboulvafaa-ye Boozjaani", and others who were born in 

"Khorasaan" after the third century were instrumental in the revival. Iranians have used the solar 

calendar. Omar Khayyam has cited that he has used ancient sources for designing his "Jalali 

Calendar" which is a more accurate solar calendar than the "Gregory Calendar" which was 

designed 200 years after the "Jalali Calendar". Kharazmi" was an Iranian scientist who lived in 

3rd Islamic century. "Kharazmi" is the first person that wrote an algebra book and called it 

"Algebr olmoghabeleh". His book had two parts. The first part was purely abstract where he 

explained how to solve equations. In the second part he talks about problems such as dividing an 

inheritance or applying a will. Khaarazmi" wrote that in order to divide the inheritance as per the 

will, a second-degree equation must be solved. "Aboul Vafa ye Boozjaani" who was living around 

the same time as "Kharazmi" is another example. He almost discovered the entire trigonometry 

and even spherical trigonometry. From the 7th century onward we can find many reference books 

in math and astronomy that were translated from "Seryani"("Seryani" was an Iranian language 

and was used in Iran) to Arabic. 

As mentioned in previous chapters there is no border among different sciences so ALIT, 

Discussion and Controversy Model in Education can improve learning in a various shapes.   

To help students grow as scientists, teachers can suggest different project topics and encourage 

students to design experimental setup, to conduct the experiments on the topic and to find the best 

approaches and solutions to the problems. To support this process, the students are encouraged to 

collaborate with their peers inside and outside of class. “Active Learning by Innovation in 

Teaching (ALIT), Discussion and Controversy Model”, will persuade students to act as a teacher 
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in a way to help others understand science better. Cognitive research shows that memorizing 

information does not promote meaningful learning. However, when this knowledge is used to 

solve a practical problem relevant to students’ lives, it becomes more meaningful. In conclusion, 

in ALIT, Discussion and Controversy Model in Education students are encouraged: 

 To solve more practical problems and find solutions using a combination of theoretical 

and experimental approaches. 

 To find new methods in solving problems. This makes the students think more critically 

while trying to invent novel solutions to real problems. It also helps extend their 

scientific abilities. 

 To combine qualitative and quantitative approaches and deductions, to learn how to 

evaluate their data statistically and compare theoretical predictions with the collected 

data. 

 To report the results in front of audiences in several competitions or conferences. This 

positively affects students’ communication skills and their self-confidence about 

science learning. 

 To acquire collaborative and leadership skills while working in a group to solve a 

science problem. 

In conclusion, from our experience, the ALIT, Discussion and Controversy model, helps promote 

conceptual science learning, excite students about science and allow them to apply what they 

learn in the classroom to solve real life problems. 

By ALIT, Discussion and Controversy model in education students can develop their knowledge 

in a vast area such as ancient scientists who were able to solve problems in several basic sciences. 

To follow the model its components should be described more clearly. Important issue of science 

learning specifically in physics depends on the relation between the quantities and phenomena in 

order to build models and concepts. According to the constructivist theory one of the most 

efficient methods of active acquirement of knowledge is experiment which is not considered in 

traditional education too much (Fig. 25).  
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Fig. 25: Active learning and passive learning in ALIT and traditional education 
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7-2) Statistical Surveys  

7-2-1) Collecting data by Questioner Distribution  

A 2011 survey carried out in two universities in Iran on physics. Identical questions were asked 

of students in 18-28 ages in two groups: married and singles. Results show (most of the questions 

were asked to mark more than one option) (Izadi et al., 2011): 

1- The most important factor to encourage more students in physics: 
 Attractive experiments        (42%) 

 Discussions on theoretical physics       (26%) 

 Attractive physics’ tournaments       (24%) 

 National and international workshops, conferences, tournaments    (38%)  

2- The relation between Physics  and real life: 
 Completely related         (66 %) 

 To some extent try to justify phenomena in their life with physics laws  (84%) 

3- Comparing Women’s and men capability in learning basic sciences specifically in 

physics: 
 Students are not agree that women have less capability      (100%) 

4- The main reasons why men are interested in getting PhD more than women in basic 

sciences: 
 More salary         (32%) 

 Less obstacles         (40%) 

 Interest          (14%) 

5- The main reasons of attraction fewer women in higher degree in physics: 
 Marriage          (12%) 

 No interest          (16%) 

 Low wages           (24%) 

 To be very hard        (22%) 

 No support from family or        12%) 

 Financial support to continue studying      (26%)  

6- Due to scientific connection between men and women : 
 More women will be encouraged to study PhD in basic sciences   (64%) 

7- The role of workshops about women activities in basic sciences: 
 Will help to encourage women more      (36%)  

 Besides encouragement it will help in making role model     (48%) 
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7-2-2) Collecting data from competitions 

Some activities have been organized to attract more students in practical education in basic 

sciences in Iran which 70% of participants have been female students in 2009, 62.96% in 2010 

and 60% in 2011 (Fig. 26). In earlier paper (Izadi et al., 2008), we highlighted various initiatives 

to attract more students and teachers in basic sciences. Competitions are used by many teachers 

at the grass roots level to develop the talents of their gifted students. Each year the top Math, 

Chemistry, and Physics Olympiad students are identified and assembled into national teams that 

compete against teams from around the world. The types of competition vary greatly by grade 

level and type. However, all of these competitions represent challenges to their participants. But 

a project to improve the environment for learning physics practically and science in general is 

different competitions in Iran which has increased in the number of participants in recent years 

(Fig. 26).  
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Fig. 26: Statistical survey on participants in several scientific activities in Iran 

In a recent survey we investigated systems of science- related motivations and attitudes (emotions 

toward physics) of high school students such as different competitions, especially those related 

to physics. The students’ attitude to physics is influenced by the frequency of teacher 

demonstrations and student experiments but how?  

To find the related parameters in attracting students to learn science efficiently we are going to 

compare two systems: traditional system as a control group (Section 4) (Fig. 27) and several 
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national and international physics tournaments as experimental group. All data from our national 

physics tournaments (PYPT) and international ones (IYPT) have been collected in several years. 

 

Fig. 27: Traditional education as a control group (N= 18 schools, Ave. physics’ scores from 2005-2009) 

A guideline which is applied to both PYPT and IYPT is the main approach in our statistical 

survey. This guideline has three parts but the first two parts have been taken into consideration to 

get all details (Fig. 28).  

 
Fig. 28: PYPT/IYPT scoring guidelines 
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According to the regulations three or four teams participate in a Physics Fight (PF), depending on 

the total number of teams. In the course of a PF the members of a team communicate only with 

each other. The Reporter presents the essence of the solution to the problem, attracting the 

attention of the audience to the main physical ideas and conclusions.  

The Opponent puts questions to the Reporter and criticizes the report, pointing to possible 

inaccuracy and errors in the understanding of the problem and in the solution. The Opponent 

analyses the advantages and drawbacks of both the solution and the presentation of the Reporter. 

The discussion of the Opponent should not become a presentation of his/her own solution. In the 

discussion, the solution presented by the Reporter is discussed.  

The Reviewer presents a short estimation of the presentations of Reporter and Opponent.   

Here the role of Rep. and Opp. teams are surveyed to find the relation between the ranks of all 

the teams and their roles in each problem. The number of problems is 17 which are used in both 

PYPT and IYPT. Problems are selected from different topics such as Fluid Mechanics, 

Electromagnetic, Electricity, Optics and etc. Some of the problems have not been solved in 

different years and the main reasons are: 

 they need more complicated facilities and experimental setups  

 Students donot like its main topic 

 The theory is as more complicated as can be imagined 

The PF is carried out in three (or four) Stages. In each Stage, a team plays one of the three (four) 

roles: Reporter, Opponent, Reviewer (Observer). In the subsequent Stages of the PF, the teams 

change their roles according to the regulations. During one PF only one member of a team takes 

the floor as Reporter, Opponent or Reviewer; other members of the team are allowed to make 

brief remarks or to help with the presentation technically.  

After each stage the Jury grades the teams, taking into account all presentations of the members 

of the team, questions and answers to the questions, and participation in the discussion. Each 

Jury member shows integer marks from 1 to 10. The mean of the highest and the lowest marks is 

counted as one mark which is then added to the remaining marks. This sum is used to calculate 

the mean mark for the team. The mean marks are multiplied by various coefficients: 3.0 or less 

for the Reporter, 2.0 for the Opponent, 1.0 for the Reviewer and then transformed into points. 
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The jury should start the scores for reporter and opponent with 5 points but consider some partial 
parts as mentioned in scoring guidelines to add to or deduct from the initial 5 points.  

Students investigate scientific concepts and phenomena firsthand, record and reflect on their 

observations, share their findings with others and apply the skills and knowledge they have gained 

to new situations on the other hand. 

There are three different roles, Rep. Opp. and Reviewer but the first two roles are compared with 

each other to find the important parameters in our new model. According to the scoring guidelines 

(IYPT/ PYPT) jurors should give their scores to three parts as follows: 

Reporter team:  
1- Physics 
2- Presentation 
3- Reporter 

Opponent team: 
1- Physics 
2- Presentation 
3- Opponet 

In Physics the following factors should be noticed for both Rep. and Opp. teams: 

Physics ±3 

1-Correct and relevant physics 

2-Scientific approach  

3-Validity of conclusions  

A report should include:  
• a presentation of the appropriate concepts, theories and principles of the problem • an explanation of the  
observed phenomena • an application of appropriate mathematics • reasonable experimental technique to 
 gather and record data (or demonstrate the phenomena if appropriate) • linking of theoretical and experimental  
findings to draw suitable conclusions • an attempt to communicate difficult or complex ideas in an effective and 
 understandable manner  

 

An opposition should show that:  
• the opponent challenged the reporter’s understanding of the presented concepts, theories and principles •  
the opponent understood the appropriate mathematics presented • the opponent critiqued the experimental  
technique used and questioned the validity of the data • the opponent appreciated and highlighted the strengths  
and weaknesses of the report  

 

Page.57 



4-Accurate answers 

In the last part the assessment of the Rep. team will be done by the following factors:  

Reporter ±1 
1-Quality of experimental technique(s) 
2- Structure 
3-Explanation of formulae and symbols 
4-Appropriate models, conformity 
of dimensions 
5-Slides, on-site experiments, audio, 
video, as appropriate 
6- References, proper citations of 
ideas and input of others 
7-Novelty of the report 

8-Contribution to the discussion 

And for the Opp. team: 

Opponent ±1 
1-Response to the reporter's solution 
2-Shows the strong and weak points of the report 
3-Finds shortcomings or errors in the report 
4-Relevance of the questions 
5-Contribution to the discussion 

All the PYPT results from 2010 to 2013 and IYPT 2012 were collected to find which parameter 

(S) is (are) more influence to motivate students in learning basic sciences.  

As mentioned above in PYPT and IYPT students work as a team members and should play three 

roles during the competition Reporter, Opponent and Reviewer. But Rep. and Opp. Roles have 

been taken into consideration in this research to find out the effective parameters in this new 

model in pedagogy and to compare this model with traditional education. All total scores are 

collected from national PYPT as the experimental group. The scoring guideline is completely 

different from traditional assessments. The traditional scores are based on the multiple choice 

questions with possible answers or theoretical/experimental questions with specific solutions. The 

assessment asks a variety of questions that probe several areas of knowledge, including 

mathematical depiction, and definitions and every student have their own scores individually.  
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7-3) Effective Parameters  

7-3-1) Characterization of population to investigate and control group 

The research populations are students of secondary schools from several countries as the 

international participants and from several schools in Iran as the national participants. The 

following table organizes this information (table 7). 

Table 7: PYPT average scores from 2010-2012 (3 years) 

              Roles         

  Years   

Rep female 
Ave. Scores 

Opp female 
Ave. Scores 

Rep Male 
Ave. Scores 

 

opp male 
Ave. Scores 

 

PYPT 2010 
0.6266667 

0.66425 0.6844286 0.68125 

PYPT 2011 
Farsi 

0.5385417 0.5522222 0.652381 0.5981481 

PYPT 2011 English 
0.6029762 0.6113333 0.6050725 0.6608333 

PYPT 2012 
0.6855856 0.6983333 0.6555556 0.6822222 

 

To compare girls and boys in learning physics final tests showed a gap between girls and boys 

(See section 4) which most physics instruction is done by teacher-centered structure. Now by 

comparison the scores in physics of these students as a control group (2005-2009) in a teacher – 

centered educational system and as a passive learning with a model which laboratory and different 

kinds of students’ skills have been developed (experimental group) we can find the improvement 

of physics grades for both boys and girls (Fig. 29).  

As shown in (table 8) the absolute value of difference between boys’ and girls’ average scores 

in our experimental group has decreased to (0.29) but in control group this difference is 

(2.66). 
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Fig.29: Comparing average scores in physics between experimental group (2010-2012) and control group  
(2005-2009) 

 
Table 8: PYPT average scores difference from 2010-2012 (3 years) 

  Years   Female and male Opp Ave. 
Scores Difference 

Female and male Rep Ave. 
Scores Difference 

PYPT 2010 
0.17 0.577619 

PYPT 2011 
Farsi 0.459259 1.138393 

PYPT 2011 English 0.495 0.020963 

PYPT 2012 -0.16111 -0.3003 
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7-3-2) Correlations of Students’ Grades in a discussion Model 

The purpose of this study is to determine the parameters as the important factors in actvive 

learning basically in science education and also to find the correlation of students’ grades and 

parameters which are considered for evaluation students in a discussion model. The best model 

which is investigated as a discussion model is PYPT and IYPT.  

One important aim of physics education is to develop more expert-like views of physics and 

physics learning in students (Sahin, 2009).  

Research has revealed that students can participate in instructional activities that help them learn 

conceptually without any impact on their beliefs about how to learn effectively (Elby, 2001). 

IYPT as an international physics tournament has attracted a large amount of countries that are 

interested in participating in active learning during several years and PYPT as one of the national 

tournaments in Iran has engaged students in high schools from 2008 (Izadi, D., Izadipanah, N., 

Izadipanah, D, 2010) Common guidelines are used by jurors to give scores to students. In each 

paper sheet there are descriptions to direct jurors how to evaluate different teams which play 

several roles during tournaments (PYPT/IYPT Regulations and Scoring Guidelines, 

http://www.ayimi.org , http://www.iypt.org and http://www.pyptonline.com ). 

In this study just the first two scores in two parts as follows are considered: 

 Physics and Reporter 

 Physics and Opponent  

Physics ±3 
Correct and relevant physics 
Scientific approach 
Validity of conclusions 
Accurate answers 

Physics ±3 
Correct and relevant physics 
Scientific approach 
Validity of conclusions 
Accurate answers 

Reporter ±1 
Quality of experimental technique(s) 
Structure 
Explanation of formulae and symbols 
Appropriate models, conformity of dimensions 
Slides, on-site experiments, audio, video, as 
appropriate 
References, proper citations of ideas and input of 
others 
Novelty of the report 

Contribution to the discussion 

Opponent ±1 
Response to the reporter's solution 
Shows the strong and weak points of the report 
Finds shortcomings or errors in the report 
Relevance of the questions 
Contribution to the discussi 
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To enable students concentrate on the given problems and the learning outcomes several real-life 

problems are given including concepts from physics in different topics such as Magnetics, 

Electromagnetics, Electricity, Fluid Mechanics, Optics and etc. All the students from secondary 

schools can register as team members to national tournaments such as PYPT with one tutor and 

the best team will participate in international one, IYPT with two tutors. Every country can send 

only one team to IYPT each year.  

In this study the main portion of the process belongs to IYPT 2012 and PYPT 2010-2013 data to 

find the related parameters in a discussion model.  

Students from several high schools work on problems with several laboratory sections that differ 

from traditional labs. Groups of five (IYPT) or three (PYPT) students carry out physics labs, 

research, simulation and make their powerpoints during 4-6 months for PYPT and around 10-11 

months for IYPT. Traditional labs with lab manuals including everything about how to carry out 

the experiment (cookbook experiments) are not used in this model because students should think 

and design all the experimental setups by their own innovative minds. Students work together 

throughout the several months to plan, design, implement, and report problems in front of several 

jurors and should also take part in a discussion and challenge with other teams. There is an 

evaluation at the end of each challenge according the scoring guidelines. Teams’ scores in each 

part as the Reporte, opponent and Reviewer are averaged with a coeffient which differs in each 

position. 

The study involves 140 students at IYPT 2012 in Germany, and 9 teams (27 students) in PYPT 

2010, 24 teams (72 students) in PYPT 2011, 23 teams (69 students) in PYPT 2012 and (42 

students) in PYPT 2013. 

The number of females was approximately 56.09 % in 2010, 43.6% in 2011 and 60.86% in 2012 

and 50% in 2013. The number of problems which has been studied are problems number 

1,2,3,5,6,7,8 10, and11 from 17 problems of national and international tournaments in 2012. To 

compare the relation between scores, the first and the third parts of the scoring guidelines for each 

Reporter and Opponent were collected. Without any coefficient and just the raw scores are the 

main data. Physics average scores from the scoring guidelines and Reporter and Opponent 

average scores for both Rep. and Opp. teams are compared with each other (table 9). 

(Appendix II) 
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P roblem No. 1 

Table 9: IYPT 2012, Problem No. 1 raw scores average 

physics pre rep Reporter total rep Rep. Physics pre opp Opponent total opp Opp.  Team No 

-0.5 0.333 0.333333 0.166333 sc France 0.333333 0.5 0.166667 1 pk Russia 1 

-0.16667 0.583 -0.25 0.166333 ad Slovakia 0.916667 0.25 0.333333 1.5 ys taipei 2 

-0.3 0.5 0.5 0.7 ts Germany 0.6 0.166 0.65 1.416 dk Australia 3 

-0.16667 0.083 0.083333 -0.00033 
mm 
Bulgaria -0.16667 -0.083 -0.08333 -0.333 pg Kenya 4 

-0.16667 0.083 0.166667 0.083 al Czech 0.666667 0.25 0.25 1.166667 ab Georgia 5 

0 0.714 0.166667 0.880667 ws Korea 0 0.285 -0.16667 0.118333 
ad 
Indonesia 6 

-0.8 -0.05 0.216667 -0.63333 af uk 1.741667 0.166 0.733333 2.641 jj Singa 7 

-0.91667 -0.083 -0.5 -1.49967 al Thai 0.25 0.166 0.25 0.666 md Poland 8 

-1.08333 0.333 -0.25 -1.00033 as Nether 1 0.25 0.25 1.5 lg Brazil 9 

-1.08333 0 -0.41667 -1.5 dg Kenya -0.58333 0.111 -0.25 -0.72233 al Czech 10 

-1.21667 0.5 -0.05 -0.76667 
dk 
Australia 0.783333 0.363 0.566667 1.713 pl Swiss 11 

-1 -0.166 -0.33333 -1.49933 gr Slovenia 0 0.083 -0.20833 -0.12533 ak Hungary 12 

0.25 0.416 0.5 1.166 dfAustria 0.666667 0.333 0.666667 1.666333 jz Newze 13 

To assess in details the average scores of the reporters’ and their opponents who discuss with 

them on a specific problem during their challenges, are collected. Since their evaluation consist 

of several parts according to the scoring guidelines, the average of physics scores for Opp. and 

Rep.teams are plotted separately (Fig. 30) from the average scores of reporting and discussion 

section (Fig. 31). 

 

Fig.30: Comparing physics scores between Rep. and Opp. teams 
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Fig.31: Comparing discussion scores between Rep. and Opp. teams 

Average scores for both Rep. and Opp. teams in IYPT 2012 are compared for Problem No. 1 after 

five sections (male and female are not separated) and also the average scores in PYPT 2010-2012 

for boys’ and girls’ teams after 3 sections (Fig. 32, 33).  

 

Fig.32: Comparing total scores between Rep. and Opp. teams 

 

Fig.33: Comparing total scores between Rep. and Opp. teams (PYPT 2010-2012) 
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7-3-3) Spearman Rank Correlation Coefficient 

Spearman rank correlation: Spearman rank correlation is a non-parametric test that is used to 

measure the degree of association between two variables.  It was developed by Spearman, thus it 

is called the Spearman rank correlation (rho).  Spearman rank correlation test does not assume 

any assumptions about the distribution of the data and is the appropriate correlation analysis when 

the variables are measured on a scale that is at least ordinal.  

(http://geographyfieldwork.com/SpearmansRank.htm) 

The following formula is used to calculate the Spearman rank correlation: 

ρ = 1 −
6� 𝑑𝑑𝑖𝑖2

𝑛𝑛

𝑘𝑘=1
n(𝑛𝑛2−1)

                                          (1) 

Where: 

P= Spearman rank correlation 

di= the difference between the ranks of corresponding values Xi and Yi 

n= number of value in each data set 

Spearman's rho is a 'quasi-ordinal' correlation coefficient. It equivalent to the Pearson's r 

correlation, computed on the variables, after they have been transformed into rank-orders. It is 

clear that any changes in the original variables that do not affect the rank-order, will change 

Pearson’s r, but not Spearman’s rho.   

Now we are going to find the relation between ranking of each team and their Opp./Rep. average 

scores. Then we can find which one has the most important role in their ranking. 

The first Physics Fight (PF1) data in IYPT 2012 and (PF1 – PF3) data in PYPT 2012 which is 

completely independent from other PFs has been collected and then the Spearman rank 

correlation (rho) has been calculated. Here the total scores are the scores of Opp. and Rep. with 

their specific coefficient, such as 3 for Rep. and 2 for Opp but to find the real rho it is necessary 

to normalize all the scores (Fig. 34). 
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Fig.34: Spearman Rank Correlation in IYPT and PYPT 2012 with normalized scores  

Plotting the average scores versus ranking for both national and international Physics’ 

tournaments provides clear assessments (Fig. 35). 
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Fig.35: Average scores versus ranking in international and national tournaments (PF1, 2012) 

Spearman Rank Correlation in PYPT 2012 for both reporter and opponent teams has been 

calculated according to their rankings. All the PFs average scores are independent from each other 

in this calculation. (AppendixIII) 

7-3-4) Statistical Assessments byRelative Frequency and Standard Deviation  

7-3-4-a) Relative Frequency  

A frequency count is a measure of the number of times that an event occurs. To compute relative 
frequency, one obtains a frequency count for the total population and a frequency count for a 
subgroup of the population. The relative frequency for the subgroup is: 
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Relative frequency = Subgroup count / Total count 

The above equation expresses relative frequency as a proportion. It is also often expressed as a 
percentage. Thus, a relative frequency of 0.50 is equivalent to a percentage of 
50%.(http://www.stattrek.com/statistics)   

7-3-4-b) Standard Deviation 

The standard deviation is a numerical value used to indicate how widely individuals in a group 

vary. If individual observations vary greatly from the group mean, the standard deviation is big; 

and vice versa. 

It is important to distinguish between the standard deviation of a population and the standard 

deviation of a sample. They have different notation, and they are computed differently. The 

standard deviation of a population is denoted by σ and the standard deviation of a sample, by s. 

The standard deviation is equal to the square root of the variance. The standard deviation of a 

population is defined by the following formula: 

(𝜎𝜎)2 =
� (Xi− X)���2𝑛𝑛

𝑘𝑘=1
n

=
� fi(Xi− X)���2𝑛𝑛

𝑘𝑘=1
∑ fi𝑛𝑛
𝑘𝑘=1

    (Variance)                                                           (2) 

σ = sqrt (𝜎𝜎)2     (Standard Deviation)                                                                                       (3) 

where σ is the population standard deviation, X is the population mean, Xi is the ith element from 

the population, and N is the number of elements in the population. 

(http://www.stattrek.com/statistics)  

7-3-4-c) Statistical Assessment  

The average scores of all the teams in our national physics’ tournament (PYPT, 2010-2013) has 
been collected to illustrate all the stages are studying here and find the effectiveness of the most 
important parameters in our new model. 

The average scores are divided in 5 ranges which are common among all experimental groups 

(PYPT 2010-2013) and traditional group (2005-2009). Absolute and relative frequency in each 

group show the maximum average scores for male and female separately and to find the deviation 
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of all the scores in each group from the mean scores, variance and standard deviation were 

calculated (table 10). (Appendix IV) 

Table 10: Comparing Statistical variables in traditional and experimental groups 

Now the relative frequency for both experimental and traditional group in terms of several ranges 

which are common in two groups (Ex. & T), are plotted to compare the average scores and also 

finding an assessment regimes which can employ a single instructional system (Fig. 36).  

 
Fig.36: Relative frequency versus ranges of ave. scores 
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 T (%)(Individual) 
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PYPT2011 
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 (%)team 

Frequent Scores (male) 47.47672 60.83001 93.39003 71.68335 60.83001 

Frequent Scores (female) 60.83001 82.53669 82.53669 60.83001 71.68335 

Ave. score m 55.22041 71.68335 69.4186 73.49224 31.00954 

Ave. scoref 68.06557 66.84202 55.5456 65.12431 27.90859 

STD m  9.339494 15.34894 18.63853 7.458245 9.040758 

STD f  8.089602 13.71094 14.44796 10.39226 5.37101 
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As shown in previous sections a gap was appeared between girls and boys in physics scores which 

most physics instruction is done by teacher-centered structure. By comparison the scores in 

physics of these students as a control group (2005-2009) in a teacher – centered educational 

system with a model which laboratory and different kinds of students’ skills have been developed 

(experimental group) the absolute value of difference between boys’ and girls’ average scores 

in our experimental group has decreased to (0.29) but in control group this difference is 

(2.66) (Fig.37).  

 

Fig.37: absolute value of difference between female and male average scores  
(Experimental and Control group) 

Although number of girls who are interested to participate in tournaments during several years in 

Iran are more than boys (70% in 2009, 62.96% in 2010, 60% in 2011,…) but their average scores 

are lower .  

To compare experimental group, PYPT 2010-2013 with traditional one, 2005-2009, as a control 

group, the following ranges of average scores has been taken into account: 
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As shown in (Fig.38) the last part of this table (87.96336-98.8167) belongs to experimental group. 

The third and fourth rows of the above table belong to both groups but relative frequency of 

experimental group is higher than control group.  

 
Fig.38: analysis of various ranges of average scores in Ex. And T group 

To compare Ex. With T group in details the results of an international physics tournament, IYPT 

2012 have been surveyed.  

As shown in (table 11) the average scores of Opp. are higher than Rep and it is repeatable in all 

the problems.   

Table 11: Average scores of Rep. and Opp. teams, IYPT 2012 
 
 
 
 
 
 
 
 
 

 

and the spearman rank correlation (table 12) shows that the Opp. and Rep. average scores are 

completely related to the ranking of the teams but the number of correlation in Opp. is lower than 

IYPT 2012 Survey 
Problem Ave.Rep Ave. Opp Ave Phy Rep Ave Phy Opp 

1 0.01+_0.32 0.24+_0.33 _0.55+_0.49 0.48+_0.57 
5 _0.05+_0.45 0.29+_0.27 0.24+_1.0 0.69+_0.47 
6 0.03+_0.34 0.16+_0.27 _0.18+_1.06 0.43+_0.69 
3 _0.13+_0.35 0.17+_0.42 _0.88+_0.84 0.21+_0.83 
8 0.22+_0.22 0.20+_0.43 _0.01+_0.77 0.07+_0.71 
7 _0.12+_0.27 0.32+_0.30 0.03+_1.14 0.82+_0.38 
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Rep. and it shows that the Rep. average scores are more related to increasing ranking than Opp. 

average scores.  

Table 12: Spearman rank correlation (rho) in 3 PFS, PYPT 2012 
 
 
 
 
 
 
 
 
 
 
 
To gauge the relative effectiveness of various instructional techniques, to evaluate innovations 

in physics, to explore the relationship between mathematics preparation and concept learning in 

physics all the parameters which are taking into consideration in PYPT/IYPT should be studied. 

These important studies rely on two Parts:  

Reporter and Opponent 

Although quality of experimental technique(s), explanation of formulae and symbols, slides, on-

site experiments, audio, video, appropriate models and novelty of the report are the most 

important parameters for reporter to attract jurors to give the highest scores but the assessment 

process here in several stages of national and international tournaments show it is completely 

different.   

Assessment of the opponent team rely on:  Responsing to the reporter's solution, Showing the 

strong and weak points of the report, Finding shortcomings or errors in the report, Contribution 

to the discussion by asking several questions 

The higher scores of opponent team show what is more attractive for jurors are discussion 

between two teams. So discussion and controversy on problems which have been solved by the 

reporter team and not always by the opponent team can help to detect learning relative to 

performance of these two teams. 

How they can contribute to the discussion can help jurors to find students’ conceptual 

understanding.  

PYPT 2012 Spearman Rank Correlation 

PF Rho rep Rho opp 

PF1 0.944136 0.906606 

PF2 0.820502223 0.683386 

PF3 0.943968 0.88237 
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So teachers by innovation in teaching can motivate students who can get depth knowledge through:  

1- solving problems related to real life by experiment and go through the reasoning by 

themselves 

2-  Collaboration, Discussion, constructive challenge 

And all these cause new ideas.  

As average scores in traditional system attest, many students in high schools who can solve 

physics problems satisfactorily through the use of formulas often lack the functional 

understanding necessary to apply concepts learned in one context to another and also explanations 

by an instructor are not effective too. The students themselves must go through the reasoning. We 

have found that a useful instructional strategy for obtaining the necessary intellectual commitment 

from students is to generate a conceptual conflict and to require them to resolve it. Connections 

among concepts, formal representations and the real world are often lacking after traditional 

instruction. Students find it hard to relate equations and other scientific representations to one 

another and to actual objects and events (Michelini, 2004). 

In our survey we investigated systems of science- related motivations and attitudes of high school 

students, especially to physics. In traditional system all the assessments rely on the pre-test and 

post-test and the main factor is Hake gain. But we believe that urgent development of present 

teacher training model is needed. In our new model the students’ attitude to physics is influenced 

by several parameters which a short collection of those features can be found in (table 13). It 

determines the base of “Active Learning by Innovation in Teaching (ALIT), Discussion and 

Controversy Model”, the model of complex science education. 

Table 13: the base of “Active Learning by Innovation in Teaching (ALIT), Discussion and Controversy Model” 

New model Traditional meodel 

curriculum relys on facts and problems which are 

connected to real life and are needed to be solved and 

to be applied 

Curriculum relys on an specific syllabus 

Students control the class as the real person and 

teachers direct them by suggesting problems and tasks 

by the innovation in teaching to motivate students 

Teachers control the class as the real person who 

can give knowledge to students 
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Students play the important role in class by giving new 

ideas in solving real life problems 

Students don’t play an important role in education 

just listen to teachers, solve the problems and take 

part in assessments to get scores 

Students in class are divided in several groups who 

work on different problems  

Students work individually  

Real discussions by students in groups who are 

listening to the problems are presented by the other 

group are the real assessment  

The pre-test and post- test are the main 

assessments  

Experiments are conducted by the students  Teachers conduct the experiments 

Students learn several subjects such as computer 

programming, using several softwares to analyze their 

results, presenting in front of other students or even 

several teachers as jurors 

Students just learn specific subjects according to 

curriculum 

Teachers help the students to provide them facilities 

are needed to perform their experiments and students 

build their apparatus and setups with their own ideas 

which are almost new ideas with inventions  

Experiments are less without any new idea 

So according to the statistical analyses by the questioners were collected during previous years, 

(See Section 7-2-1)) attractive experiments, national and international workshops, conferences, 

tournaments can improve our educational system but discussion on problems in tournaments by 

several groups and as teamworks play the most important role in curriculum.  

By ALIT, Discussion and Controversy model in education students can develop their knowledge 

in a vast area such as ancient scientists who were able to solve problems in several basic sciences. 
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9. Conclusions 
 

 

Assessment of learning is sometimes controversial theme in education. Pre- and post-testing 

evaluation is often cited as a commonsense approach. But here in this research the multi-stage 

assessment scheme employed which is divided by Traditional-instruction and new model-

instruction without comparing pre-tests with post-test, just by average scores during several years. 

This method, rely on discussion and challenge on problems with various topics in basic sciences 

specifically in physics. These analyses provide information on students’ characters in 

tournaments such as IYPT and PYPT. All values have been collected from PYPT2010-2013 and 

IYPT 2012 as the experimental groups and average physics scores from 18 zones in Tehran during 

2005-2009.   

To improve the teaching of science to young students we must ask what we want them to know 

and be able to do and also how we can improve their skills. Most important is the need for in 

depth knowledge of the science that they will be teaching. In high schools curriculum pay too 

little attention to the conceptual understanding and too much to memorizing mathematical 

formula. 

The instructor often does not know how well the students understand the lecture or how actively 

they are involved in it. By proposing subjects which students are interested to do them practically 

they actively be involved in the lecture. Students discuss with their peers and by fighting 

scientifically and challenging with other groups in class they learn how to think such as a scientist. 

By making several questions targeting the concept they try to make the subject as clear as 

possible.  

To find out the appropriate and the best results the traditional teaching will be compared with a 

model in several activities and competitions. 

In conclusion, from our experience, the ALIT, Discussion and Controversy model, helps promote 

conceptual science learning, excite students about science and allow them to apply what they 

learn in the classroom to solve real life problems. 

By ALIT, Discussion and Controversy model in education students can develop their knowledge 

in a vast area such as ancient scientists, "Abou Reyhan-e Birooni", "Abou Ali Sina", 
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"Khayyam", "Khaajeh Nasireddin-e Toosi", "Aboulvafaa-ye Boozjaani", Omar 

Khayyam and other Iranian scientists, who were able to solve problems in several basic sciences. 

It is clear that the average scores of teams who participate in this new model are higher than the 

traditional system.  

Comparison the scores in physics of the students in a teacher – centered educational system and 

as a passive learning with a model which laboratory and different kinds of students’ skills have 

been developed (experimental group) we can find the improvement of physics grades for both 

boys and girls and the difference between boys’ and girls’ average scores in our experimental 

group has decreased to (0.29) but in control group this difference is (2.66). 

Real discussions by students in groups who are listening to the problems are presented by the 

other group are the real assessment. By comparision average scores in several competitions during 

2010-2013 and also by spearman rank correlation (rho), we found that teams in higher ranking 

are those in higher discussion scores. 

We belive that ALIT, Discussion and Controversy model is a complex science education which 

help students to solve the real life problems with new ideas and invention.  

 

 

 

 

 

 

 

 

 

 

 

Page.76 



10. Appendices 
 

 

Appendix I: Experiment by Junior Students, Published Book 
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Appendix II: Various Data on Presented Problems and avererage Scores 

Problem No. 7:  

physics pre rep Reporter total rep Rep. Physics   Opponent total opp Opp. 

0.083333 0.416 -0.01667 0.482667  es swiss 1.666667 0.033 0.5 2.199667 dk Korea 

0.333333 -0.2 0.083333 0.216667 by China 0.5 0.2 -0.08333 0.616667 ee UK 

2.083333 0.541 -0.29167 2.332667 sp Singapoure 1.083333 0.416 0.333333 1.832667 gk Georgia 

0.75 0.416 -0.33333 0.832667 id Czech 0.5 0.5 0.5 1.5 ab France 

-1.83333 0.25 -0.5 -2.08333 ad Indonesa 1.083333 0.416 0.166667 1.666 mp Sweden 

0.333333 0.416 -0.08333 0.666 lr Brazil 0.833333 0.416 0.25 1.499333 ks Slovakia 

0.333333 0.175 0.258333 0.766667 kk Poland 0.583333 0.383 0.633333 1.599667 tz Australia 

0.5 0.5 -0.25 0.75 ip Bulgaria 1 0.333 -0.25 1.083 ak Russia 

-0.25 0.416 0.333333 0.499333 gk Georgia 0.666667 0.166 0.333333 1.166 ph Germany 

-2 -0.2 -0.4 -2.6 ml Slovenia 0.3 0.5 0.8 1.6 by China 

0.033333   -0.12 4.3 mp Sweden 0.821667   0.318333   kk Iran 
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Problem No. 3:  

physics pre Rep Reporter total Rep Rep. Physics pre opp Opponent total opp Opp.  NO 

-2.33333 0.166 -0.91667 -3.084 mp Netherlands 0.5 0.75 0.583333 1.833333  ml swiss 1 

-0.9 0.2 -0.1 -0.8 sh Czech -0.6 0.4 0.6 0.4  kp Newz 2 

0.833333 -0.166 0.333333 1.000667 hc Taipei -0.16667 0.083 0.25 0.166333 kk Poland 3 

-0.6 0.333 0.4 0.133 lp Australia 0.7 0.166 -0.1 0.766 yc China 4 

-1.16667 0 0 -1.16667 zq slovenia 0.333333 0.083 0.083333 0.499667 mm Bulgaria 5 

-0.08333 0.75 0 0.666667 mp Sweden 1.166667 0.333 0.5 1.999667 jy Singapoure 6 

-0.8 0.5 -0.1 -0.4 kp Newzealand 1 0.7 0.5 2.2 joh Korea 7 

-0.75 0.083 -0.08333 -0.75033 ks poland 0.583333 -0.166 0 0.417333 ak Russia 8 

-2 -0.416 -0.25 -2.666 sv Kenya -1.91667 -0.083 -0.91667 -2.91633 st Nigeria 9 

-1.5 0.166 -0.58333 -1.91733 gd Hungary 0.083333 -0.15 0 -0.06667 mb France 10 

-0.35 0.291 -0.2 -0.259 ad Indonesia 0.6 0.125 0.35 1.075 bs Brazil 11 
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Problem No. 5:  

pre rep Reporter total rep Rep. Physics pre opp Opponent total opp Opp.   

-0.333 -0.83333 -2.333 mk slovenia 0.75 0.166 0.583333 1.499333 tp Belarus 1 

-0.083 -0.7 -1.183 st Nigeria 0.4 0.333 0.25 0.983 yn China 2 

0.583 -0.08333 -1.167 al Australia 0 0.083 -0.08333 -0.00033 wb France 3 

-0.166 -0.1 -0.106 yn China 0.98 0.316 0.48 1.776 ph Germany 4 

0.1 0.133333 0.95 vm Russia 0.416667 0.166 -0.20833 0.374333 jd Czech 5 

0.416 -0.08333 0.666 
mm 
Bulgaria 1.166667 0.333 0.5 1.999667 bs Brazil 6 

-0.583 -0.25 -0.49967 bb Hungary 0 0.133 0 0.133 tk Georgia 7 

0.433 0.75 3.558 dm Singa 1.0625 0.583 0.5625 2.208 
mm 
Bulgaria 8 

0.166 0.416667 1.666 ph Germany 1.5 0.583 0.416667 2.499667 dm Singa 9 

0.38 0.26 1.28 ys Taipei 0.64 0.38 0.38 1.4 es Swiss 10 
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Appendix III: Ranking in National Tournament 

PYPT 2012, PF3 

Ranking 
total 
Scores rep score opp score rank rep rank opp 

1 18 9 9 1 1 

2 17.75 9 8.75 1 2 

3 17.25 8.5 8.75 4 2 

4 16.5 8.75 7.75 3 5 

5 15.5 8 7.5 6 7 

6 15.5 8 7.5 6 7 

7 15.25 8.5 6.75 4 13 

8 15.25 7.25 8 9 4 
9 14.75 7 7.75 13 5 

10 14.25 7.25 7 9 9 

11 14.25 7.25 7 9 9 

12 14.25 7.25 7 9 9 

13 14 7 7 13 9 

14 13.5 7.75 5.75 8 19 

15 13.5 6.75 6.75 15 13 
16 13.5 6.75 6.75 15 13 

17 12 6 6 17 16 

18 12 6 6 17 16 

19 11 5.25 5.75 19 19 

20 9.25 3.25 6 20 16 
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Appendix IV: Statistical variables 

A: Control Group 

  male female m f m f   

Ranges  
absolute 
frequency 

absolute 
frequency 

relative 
frequncy 

relative 
frequncy 

Average 
scores 

Average 
scores STD m STD f 

44.55-55.40334 10 0 0.555556 0 26.37596 0 33.3137 0 

55.40334-66.25668 5 9 0.277778 0.5 16.89723 30.41501 8.741017 26.17666 

66.25668-77.11002 3 6 0.166667 0.333333 11.94723 23.89445 45.17142 4.362777 

77.11002-87.96336 0 3 0 0.166667 0 13.75612 0 34.90222 

87.96336-98.8167 0 0 0 0 0 0 0 0 

  18 18   55.22041 68.06557 87.22614 65.44166 

        9.339494 8.089602 

 

B: Ex. Group, PYPT 2010 

  m f  m f m f   

Ranges  
absolute 
frequency 

absolute 
frequency 

relative 
frequncy 

relative 
frequncy 

Average 
scores  STD m STD f 

44.55-55.40334 0 1 0 0.2 0 9.495344 0 75.003 

55.40334-66.25668 2 2 0.666667 0.4 40.55334 24.332 78.52999 14.45772 

66.25668-77.11002 0 0 0 0 0 0 0 0 

77.11002-87.96336 0 2 0 0.4 0 33.01468 0 98.52902 

87.96336-98.8167 1 0 0.333333 0 31.13001 0 157.06 0 

  3 5   71.68335 66.84202 235.59 187.9897 

        15.34894 13.71094 

 

C: EX. Group, PYPT 2011 

  m f  m f m f   

Ranges  
absolute 
frequency 

absolute 
frequency 

relative 
frequncy 

relative 
frequncy 

Average 
scores  STD m STD f 

44.55-55.40334 2 6 0.285714 1.2 13.56478 31.65115 137.556 43.40451 

55.40334-66.25668 2 2 0.285714 0.4 17.38 13.51778 21.0754 6.205561 

66.25668-77.11002 0 0 0 0 0 0 0 0 

77.11002-87.96336 1 0 0.142857 0 11.79096 0 24.58346 0 

87.96336-98.8167 2 1 0.285714 0.2 26.68287 10.37667 164.1798 159.1335 

  7 9   69.4186 55.5456 347.3947 208.7435 

        18.63853 14.44796 
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D: EX. Group, PYPT 2012 

  m f  m f m f   

Range  
absolute 
frequency 

absolute 
frequency 

relative 
frequncy 

relative 
frequncy 

Average 
scores  STD m STD f 

44.55-55.40334 0 2 0 0.142857 0 6.782389 0 44.49104 

55.40334-66.25668 1 6 0.166667 0.428571 10.13834 26.07 26.72201 7.903275 

66.25668-77.11002 3 4 0.5 0.285714 35.84168 20.48096 1.636042 12.29173 

77.11002-87.96336 2 2 0.333333 0.142857 27.51223 11.79096 27.26736 43.31302 

87.96336-98.8167 0 0 0 0 0 0 0 0 

  6 14   73.49224 65.12431 55.62541 107.9991 

        7.458245 10.39226 

 

E: EX. Group, PYPT 2013 

  m f  m f m f   

Ranges  
absolute 
frequency 

absolute 
frequency 

relative 
frequncy 

relative 
frequncy 

Average 
scores  STD m STD f 

44.55-55.40334 0 0 0 0 0 0 0 0 

55.40334-66.25668 3 3 0.428571 0.428571 9.302863 9.302863 37.08997 16.48443 

66.25668-77.11002 2 4 0.285714 0.571429 9.302863 18.60573 0.686851 12.36332 

77.11002-87.96336 2 0 0.285714 0 12.40382 0 43.95848 0 

87.96336-98.8167 0 0 0 0 0 0 0 0 

  7 7   31.00954 27.90859 81.7353 28.84775 

        9.040758 5.37101 
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