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Abstract

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 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 21 century
are very different from the students of the past. This Article analyzes Active Learning by Innovation in Teaching
(ALIT), Scientific Fight and Reviewing Model which is a discussion model among students. 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 fight and challenge with other groups in proposed
subjects and review them (second part).
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Resumen

Los estudiantes, maestros, administradores y padres tienen vista muy similares sobre la educacién, pero lo que sabemos
sobre como los estudiantes aprenden mejor es porque los profesores utilizan enfoques que difieren de los
convencionales. Tal vez los nuevos modelos estan en conflicto con los tradicionales, pero puede dar a los estudiantes la
oportunidad de conocer de una manera que los hace curiosos acerca de lo que no saben. Hoy méas que nunca, el futuro
depende de la capacidad de los estudiantes para aplicar los conocimientos que han aprendido en el aula para resolver
problemas de la vida real, tales como el calentamiento global, el cambio climatico, la contaminacién del aire,
eliminacion de residuos, generacion de energia, la pobreza mundial y la produccién de alimentos. En el mundo
incesantemente cambiante, los estudiantes del siglo 21 son muy diferentes de los estudiantes del pasado. Este articulo
analiza el Aprendizaje Activo por Innovacion en la Ensefianza (ALIT), Modelo Cientifico de Lucha y Revision, que es
un modelo de discusion entre los estudiantes. Este modelo se divide en dos partes, en la primera el profesor juega un
papel importante mediante la basqueda de los temas que necesitan ser desafiados entre los estudiantes y como estos
temas se relacionan con su vida real asi como la lucha y desafio de estudiantes con otros grupos en temas propuestos y
su revision (segunda parte).
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PACS: 01.40.gb, 01.30.la, 01.50.Rt

I. INTRODUCTION

In order to be able to solve the problems faced by modern
societies, the 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. This
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requires educators to think continuously about how to
change their teaching to empower and engage modern
students, which makes educational innovations imminent.
Contemporary students must be proactive in seeking
relevant information and applying it to solve real life
problems. However, the way we teach hasn’t changed
sufficiently to reflect these changes. Like in the earlier
centuries, the dominant pedagogy in many contemporary
science classrooms is still teacher-centered instruction,
relying on route memorization and passive learning [1].
http://www.lajpe.org
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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)[1,2,19]. 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.

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 [3]. 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) [10, 11, 13, 18, 19, 21].

The purpose of this article 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 physics 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.
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I1. ACTIVE LEARNING BY INNOVATION IN
TEACHING” (ALIT) TO DEVELOP STUDENT-
CENTERED EDUCATION

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) [14, 22]. 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) [5, 6, 16].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) [14]. 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.

Avriaian 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; C. S. Kalman et al.,
2012) [7, 13]. Assessment of student learning is completely
different in AYIMI activities. To make a transition from
passive to active learning, and engage students in the
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learning process, “Active Learning by Innovation in
Teaching” (ALIT) model is introduced (Figure 1). 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.

What do teachers do?

Suggest a topic to be presented Provide different facilities

What do students do?

Report the results without Report the results with a
anewidea new idea and invention

FIGURE 1. Active Learning by Innovation in Teaching (ALIT)
Model.

A. What Do Teachers Do?
A.1 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 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
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study and perform their experiment in front of the entire
class.

A.2 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.

A.3 Final assessment

In traditional learning environments, the focus is most often
placed on summative assessment: quizzes, exams, final
papers (Angelo & Cross, 1993) [2]. 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) [3,
8,9, 17,.20].

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
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

v vV veVvew

B. What Do Students Do?
B.1 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.
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This model is akin to Project-Based Instruction discussed
elsewhere (Blumenfeld et al., 1991; Krajcik et al., 1998) [4,
15]. 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.

B.2 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 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.

I11. 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

v vV vew

Lat. Am. J. Phys. Educ. Vol. 7, No. 2, June 2013

164

» 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

IV. 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:

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

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

3-  Consult with other team members

4- Talk about pros and cons of the topic which is
presented

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

6- Create a learning-friendly environment of mutual
respect without aggressive manner

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.

V. TRACKING ATTITUDES TOWARDS NEW
METHODS OF TEACHING AND LEARNING IN
STUDENT CENTERED LEARNING

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.
Competitions to improve the environment for learning
physics specifically and science in general have increased
their numbers of participants in recent years. To track new
methods of teaching and learning in student centered
learning a physics tournament with fighting and reviewing
model has been designed in recent years in Iran by AYIMI.
This model has involved students and teachers in an
interesting group activity and experimental key skills.
Active learning in an introductory physics lead to
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improvements in student engagement and learning gains. A
Statistical survey responses some identical questions were
asked from two groups in two universities (18-28 ages) to
investigate how students can be attracted in higher degree
in physics. (Most of the questions were asked to mark more
than one option) (Fig. 2).

The most important factors in encouraging

more students in physics
A D Attractive experiments

Discussions on theoretical physics

Attractive physics tournaments

26%

i National and international workshops,
conferences, tournaments

FIGURE 2. Results of survey on important factors in attracting
students to physics, 2011.

As it is shown in Fig. 1 students prefer to learn physics by
attractive experiments but the attractive physics tounaments
play less important role to encourage them in learning
physics. So combination of these two factors in solving
problems can help lecturers and instructors to hold students'
attention for an entire period. Peer Instruction actively
engages the students in their own learning. Carefully
chosen topics (ALIT) give students the opportunity to
discover and correct their misunderstandings of the
material, and, in the process, learn the key ideas of physics
from one another. Instructors can provide hints or point the
students in the right direction and give them an opportunity
to figure out the answers by themselves.

AYIMI has tried to engage students in both attractive
experiments and physics tournaments recent years. By a
robot our student are able to gather data from 40 m
undersea. This robot has been designed by hydrodynamic,
physics and mathematics laws. The stability, having a low-
friction, maximum speed underwater and other parameters
has been calculated. Building an intelligent submarine
(AUV) which is controlled remotely and moves in three
dimensions can help students to learn physical
oceanography  principles, Hydrostatics and  Fluid
mechanics. To collect solar energy in order to grow plants
underwater by complex mirrors help our students utilize
physics laws in their real life. All these happen in a
tournament to attract more students in a constructive
challenge. Participants in physics tournaments have learned
how to fight and challenge in several topics. These
tournaments have been developed in Iran from 2008 but all
the data was accessible from 2009 (Fig.3).

In Iran Olympiads are supported by government and the
medalists can enter universities easily so most of the
students prefer Olympiads rather than other tournaments
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and also their parents encourage them more. As it is shown
in (Fig. 2) the number of students are increasing in 2009-
2011 but decreasing in 2012-2013. If we can attract our
government to support these tournaments such as
Olympiads more students will attend these competitions.

Participants in physics tournament in
last five years in Iran
. 60 ¢
§ 40 |
e E
2.0 B t l__[
= : female students
- 0 F
[}
o B male students
E PSPPI
L S i P
Year

FIGURE 3. Results of survey on important factors in attracting
students to physics, 2013.

VI. CONCLUSIONS

Science has a key role to play in our economic future so to
solve some of the most pressing challenges we face in the
world today we need more expert leaders. To maintain
students’ interest to learn science, teachers should give
them insight that science in action will help them to find
their direction in future. Active learning by Innovation in
teaching will cause students be excited by science and
engages, motivates and stretches them of all abilities.

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), Scientific Fight and Reviewing model”,
will persuade students to act as a teacher 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 model the
students are encouraged:

1- To solve more practical problems and find solutions
using a combination of theoretical and experimental
approaches.

2- 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.

3- To combine qualitative and quantitative approaches
and deductions, to learn how to evaluate their data
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statistically and compare theoretical predictions with
the collected data.

4- To report the results in front of audiences in
competitions. This positively affects students’
communication skills and their self-confidence about
science learning.

5- To acquire collaborative and leadership skills while
working in a group to solve a science problem.

In conclusion, from our experience, the ALIT, Scientific

Fight and Reviewing 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.
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