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The central point of education is to teach peogpléhink, to use their
rational powers, to become better problem solv@egfe,1980). Like Gagne,
most psychologists and educators regard problemingplas the most
important learning outcome of life. Hence, educatio the sciences must
address the crucially important task of teachinglshts to become proficient

problem solvers.

One method that teachers use to reach educatoadd is to involve
students in problem solving (Foshay & Kirkley, 2D0Broblem solving is
important as it promotes higher order thinking acdelerates the transfer of
knowledge to novel situations (Mayer, Salorey, &r@sa, 2008). Since
problem solving is a very sophisticated cognitil,sunderstanding and
teaching problem solving is practically importanhda intellectually
challenging (Larkin & Reif, 1979).

The most pervasive assumption of instructionaigiess that different
learning outcomes necessitate different conditmnigarning (Gagne, 1980).
Instructional design research and theory has ddwvoie little attention to the
study of problem solving processes. Problem solvivas never been
sufficiently acknowledged, or articulated in thatmuctional design literature
(Jonassen, 2000).

Different approaches to instruction present défgrperspectives and
different level of emphasise on problem solvingfoimation processing
theories conceive of learning outcomes as genafdézskills that can be
applied across content domains, while constructivisid situated cognition

argue for the domain specificity of any performaaod therefore recommend
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embedding instruction in some authentic contexhd&3een & Land, 2000).
Models of problem solving whether it is generadomain specific involve a
defined cognitive sequence requiring the studemtsepresent the problem,
search for a solution, and then implement the swlu(Bransford & Stein,

1984; Newell & Simon, 1972). Neverthless, Problemtviag tasks may be
mentally demanding and time consuming, particulasdy students develop

problem solving skills.

Classroom settings do not offer the luxury of mmied instructional
time. Frequently teachers are faced with the dilemof providing
instructional tasks that promote higher order tmigkwithin rigid time
constrains. They ask the students to complete déimgrproblem solving
tasks in limited time (Slavin, 1996). As a resattyydents experience cognitive
overload and inefficient or ineffective use of nantesources (Mayer &
Moreno, 2003). Identification of these difficultiesiring instruction and the
urge to develop in young minds reflective thinkingpacity resulting in
efficient problem solving in physics lead to thegent study. The study aims
to develop an instructional strategy, which faatkt critical and reflective
thinking along with the internalisation of concepby this means, building

better problem solvers.
Need and Significance of the study

Developing and enhancing problem solving abilitésstudents have
long been important objectives of science educafoblem solving ability
is generally viewed as the ability to think criligato reason analytically and
to create productively. All these involve quantitaf communication, manual
and critical response skills (American Association the advancement of

science, 1993).
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To be successful in problem solving, students needhave some
background domain specific knowledge and they niegossess certain
science process skills. Many researchers have stgghemploying different
modes of problem solving associated models of uottn to improve
students’ creative/critical thinking, problem solgi ability and science
process skills (Basaga, Geban, Tekkaya, 1994; Cl2&t{;Geban, Askar, &
Ozkan, 1992;Germann, 1989;Tobin & Cape, 1982).

Researchers (Mateycik, 2009 ; Solaz-Portoles, 8j&a, 2007) are of
the opinion that knowledge domain should be prgperterconnected and
structured to facilitate problem solving. Furthterdy of physics plays a major
indirect role in inducing rational thinking, youthfenthusiasm, self-control,
curiosity, self-discipline and boldness. Therefgreysics must be taught as a
connected fabric of knowledge in which somethirgyé in one place proves
useful somewhere else and something discoveredtlatws light back on

something worked with earlier.

It is found that, conceptual knowledge and probsefmeme knowledge
are good predictors and have independent effectsrallem solving ability
(Friege & Lind, 2006). In addition using externapresentation through
symbols and objects to illustrate a learners’ kmolge and the structure of
that knowledge can facilitate complex cognitive gassing during problem
solving (Solaz-Portoles, & Sanjose, 2007). Hencepligit teaching in
organizing the knowledge and relating metacognikiwewledge and skills to
the conceptual knowledge are important (VanSickleH&8ge, 1991). The
present study employs concept maps on selecteastapi present the
knowledge domain required to solve problems. Hel@abwattempt is made to

organise the conceptual knowledge so that studeats internalise the
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required concepts. This may facilitate their eastemtion and use during

problem solving.

Problem solving implies a wide range of cognitared metacognitive
processes, like invention, exploration, experimgmta reflection in action
(Pacey, 1999; Rowe, 1987; Waks, 2001). It is charsed as a highly
creative and multi-faceted course of action, whegflection, evaluation and

knowledgeable decision making appear as essentigbonents.

Most curricular transactional models for problenivieng have at least
four steps: problem identification, exploration aiternative solutions,
realization of the chosen solution and its evatwa{Hutchinson & Karsnitz,
1994; Johnsey, 1995). In some cases, feedback gaibng stages are
suggested. However, due to implementation constraglated to time,
logistics, clarity of teaching goals and teachdnséar perception of the
process, these models rarely transcend the textbmdle activated in the
classroom. There is little room left in actual sla®m situation for reflection,
formative evaluation and resourceful decision mgkibeyond the detailed
guidelines prescribed in the range of teaching rnese Curricular
transactions seems to ignore pedagogical appraacards problem solving
which encourage (individual and group) student wietd knowledge
construction processes within resourceful learingronments (Fleer, 2000;
Hennessy & Murphy, 1999; Resnick & Ocko 1991). Tpresent study
attempts to fill the gap between the fulfilmentooirricular objectives and its
translation in classroom by developing an instarai strategy that enhances

reflective thinking while solving problems.

Recent studies on enhancing domain specific pnolsielving strongly

recommend the use of metacognitive strategies. @ngye that students may
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not know how to use the instruction effectivelyigithey might benefit from
metacognitive instruction on how to learn (Roll,efdn, McLaren, Ryu,
Baker, & Koedinger, 2006). In addition, if metacdgm is taught to school
students their problem solving skills will be impedl (Mestre, 2002). This is
because high metacognitive skills can compensateoterall ability by

providing certain knowledge about cognition (Swansb990). When new
information and domain specific knowledge are hetthstant, reflective
thinking processes that encourage elaboration prolblem are instrumental
in providing the most efficient problem solving.oBtem solving procedure is
explicitly taught in the present study. This maylphe¢he students in
elaborating their own strategies while solving tpeoblems and may

encourage reflective thinking.

Researchers (Abdullah, 2006; Veenman & Spaans5)20tave
developed a more or less similar list of metacogmiskills related to problem
solving which include orientation, planning, evaloa and elaboration.
Metacognitive skills or reflective practice can tescribed as the “sign of
maturity” in problem solving. Therefore, studenteomdeveloped the ability
to ascertain when to make metacognitive decisiahditit these decisions,

out-performed other students in ability to solverdvproblems (Teong, 2003).

Socio-cognitive theories hold that knowledge isiglty constructed
through the process of interaction and activity aghdividuals. According
to this perspective individuals' cognitive skillevelop in social context
(Leont’ev, 1932; Luria, 1928, 1932; Vygotsky 1929,78). Individuals' skill
development is guided by others, usually pareets;hers, or more capable
peers. They are said to mediate the learning bgimgithe participation of the

learner. As the individual develops in a particubstivity or skill, the
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mediating other progressively points more of thepomsibility for managing
the activity to the learner. During this "guidedtpmapation” (Rogoff, 1990)
the other builds on what the learner already knamd guides the learning. In
this way the learner internalizes or "appropriatgdigoff, 1990) knowledge
and meanings. The learner not only appropriatesctmeent involved in an
activity, but also gradually internalizes the prex¢the procedures, skills and

strategies) involved.

In this view a number of researchers (Chi & Hauzma2008)
advocate that metacognitive strategies will be nedfective if there is peer
interaction. Peer interaction can provide a framéwehere monitoring of the
strategies used in the problem solving processes hm continuously
presented, considered, re-evaluated and modifigérms of each partners’
perspective (Vansickle & Hoge, 1991). Further, vilogkin pairs tends to
decrease the frequency of poor metacognitive gfiege It appears that the
social accountability increase the frequency oédffe learning strategies,
that in turn increased learning gains (Chi & Hausm&008).There are two
experimental groups in the present study. Othdofagemaining a constant,
one of the groups is taught in an environment thatourages peer
interaction. The objective is to compare the prego®aching strategy in the

presence and absence of peer interaction.

Many authors have demonstrated numerous factéestieig problem
solving skills. These include fluid intelligence dacrystallized intelligence
(Horn, & Cattell, 1967), memory and metamemory (Keer, Leonard, &
Flavell, 1975), reflection impulsivity. Schoenfe(d985) argued that four
factors are necessary and sufficient for understgnithe quality and success

of problem solving, viz., (1) the knowledge bas2) Problem solving
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strategies, (3) Control: monitoring and self regjala or metacognition and

(4) Beliefs and the practices that give rise tathe

More recent literature review did not result innauch different
taxonomy on the factors influencing problem solvpegformance, as can be
concluded from the broad taxonomy of problem s@hatiributes put forward
by Carlson and Bloom (2005). The dimensions of téveonomy are (1)
Resources, ie., the conceptual understandings, lkdge, facts and
procedures. (2) Control, ie., the selection andlementation of resources
involving, planning, monitoring, decision makingynscious metacognitive
acts likewise (3) Methods, ie., the general stiategised while working a
problem, like constructing new ideas, carrying @omputations etc. (4)
Heuristics, ie., more specific procedures and aggtes used when working a
problem, like observing symmetries, altering theegi problem so that it is
easier etc. (5) Affect ie., attitudes (enjoymengtination, interest ), beliefs
(self confidence, pride, persistence, etc.), ematio(joy, frustration,

impatience, etc.) and values/ ethics (mathematitiahacy and integrity).

Since all these factors and processes effectsptbeious problem
solving skills of students, the investigator, imsteof assessing each of these
factors independently, made the study concise bgssing previous problem
solving ability in physics (in the area of mechahiand matched the two

experimental and control groups based on its measur

Research on the influence of metacognition furth@ridence
metacognition offers a significant path to critithinking (Hargrove, 2013;
Hargrove & Nietfeld, 2014; Magno, 2010). Criticairiking, which involves
the deliberate use of skills and strategy thatease the probability of a

desirable outcome in turn promote transfer to ncoealtexts (Halpern, 1998).
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In addition, metacognitive instruction itself seetashave a positive impact
on dealing with both problems of transfer and dulitglas it makes students
responsible for their learning (Georghiades, 2000gse views persuaded the
researchers in present study to investigate trectedf the newly developed
metacognitive strategy instruction on the abilitystudents to transfer learned

skills on problem solving to novel tasks.

Thus this study investigates the effectivenesthefnewly developed
metacognitive strategy instruction on problem suajvskills of students both
in analogous problems (problems from the same obratieea and similar to
those solved in the classroom) and transfer problgemoblems from other

content areas of mechanics).
Statement of the Problem

“Effectiveness of a Metacognitive Strategy Insttmrc on Problem

solving Skills in Physics among Higher Secondarydat Students in Kerala”

The present study tests the effectiveness ofucistn through a newly
developed Metacognitive Strategy on Problem SolvBiglls in Physics
among Higher Secondary School Students in two rdiffe situations in a
classroom, ie., students learning under the gumlaot teacher in an
environment driven by peer interaction and stusldetirning under the

guidance of teacher in the absence of peer interact
Definition of the Key Terms
1. M etacognitive Strategy I nstruction

Metacognitive Strategy Instruction refers to astrinctional strategy

developed by the researcher to enhance problemngokkills in
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students. It consists of four phases. Each of thmsephases contains
sub-phases or steps. Further several phases maglbéed in a single
lesson. This is an instructional strategy and & shme time, the
strategy is explicitly taught to the pupil by pimpiing each phase of
this strategy as it occurs in the classroom procdssice the name

Metacognitive Strategy Instruction was given.

The instructional strategy consists of the follogviphases and sub-

phases.

l. Presentation of the knowledge domain

1. Presentation of concept map
2. Explanation of concepts and their relationships
3. Exemplification of the use of concepts to solvebpems

[I.  Presenting the problem
[I1.  Problem solving procedure

1 Surface Representation

2 Structure Representation
3. Planning the Solution
4

Implementing the plan
IV. Metacognitive analysis

1. Error Analysis
2. Monitoring the Procedure

3. Analogical Problem Solving
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This strategy is instructed to the students botimdividual problem
solving situation and in problem solving situationediated by peer

interaction.

2. Problem Solving Skillsin Physics
This term involves three components.
a. Analogical problem solving ability

This refers to the ability to solve problems simita those

worked out in the classroom.
b. Problem solving skillsin physics

This refers to the ability to solve problems froontent domain

in physics, which was not directly discussed indlassroom.
C. Use of metacognitive strategiesin problem solving

This refers to the attainment of various componskills
required for understanding and solving a given |enob The

component skills identified in the study are:

1 Representing the problem situation
2 Planning the solution

3. Implementing the plan
4

Evaluation of the solution obtained.

These component skills are assumed hierarchicdlhance are

done in invariant sequence.
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Objectives of the Study

This study intends to develop and test the effeogss of an
instructional strategy to foster problem solvinglskn physics among higher
secondary school students. The study examines ffectieeness of

Metacognitive Strategy Instruction at three levesnely,

1. Peer Interacting Metacognitive Strategy (PIMS)
2. Metacognitive Strategy (MS)

3. Conventional Strategy

To accomplish this major objective, the study hetstke following specific

objectives.

1) To test the effect of Metacognitive Strategy lastion [Peer
Interacting Metacognitive Strategy (PIMS) Instroati Metacognitive
Strategy (MS) Instruction, Conventional Strategys)[Con Analogical
Problem Solving ability in Physics among Higher @etary School
Students.

2) To test whether the analogical problem solvingigbis significantly

higher for PIMS groups than that of the controlugro

3) To test whether the analogical problem solvingigbit significantly

higher for MS group than that of the control group.

4) To test whether the analogical problem solvingigbis significantly

higher for PIMS group than that of the MS group.

5) To test the effect of Metacognitive Strategy Instian [Peer
Interacting Metacognitive Strategy (PIMS) Instroati Metacognitive
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6)

7

8)

9)

10)

11)

Strategy (MS) Instruction, Conventional Strateg\SJICon Problem
Solving Skills in Physics of Higher Secondary Sdisinidents.

To test whether the problem solving skills in plogsare significantly

higher for PIMS group than that of the control grou

To test whether the problem solving skills in plegsare significantly

higher for MS group than that of the control group.

To test whether the problem solving skills in plegsare significantly

higher for PIMS group than that of the MS group.

To test the effect of Peer Interaction [Peer Irdng Metacognitive
Strategy (PIMS) Instruction, Metacognitive StratétyS) Instruction]
on the use of Metacognitive Strategies in ProbleoiviBg among

Higher Secondary School Students .

To test whether the use of metacognitive ggsatestruction is

significantly higher for the PIMS group than thatlee MS group.

To estimate the relative efficiency of the faxomponent skills of

metacognitive Strategy on Problem Solving Skill®hmysics viz.,

I Representing the problem
. Planning the Solution
iii. Implementing the plan

Iv. Evaluating the result
Resear ch Questions

In order to clarify the broad objectives of thedst, each of the specific

objectives are formulated as research questiomsaice them more specific.

They are listed below:



1)

2)

3)

4)

Introduction 13

Can Metacognitive  Strategy Instruction [Peer Intérg

Metacognitive Strategy (PIMS) Instruction and Metgaitive Strategy
(MS) Instruction] significantly improve Analogic&roblem Solving
ability in Physics among Higher Secondary Schoatl&nts? If so, can
Peer Interacting Metacognitive Strategy Instructi@velop analogical

problem solving ability better than Metacognitiviegiegy Instruction?

Can Metacognitive  Strategy Instruction [Peer Intéra
Metacognitive Strategy (PIMS) Instruction and Metgaitive Strategy
(MS) Instruction] significantly improve Problem $Swolg Skills in
Physics among Higher Secondary School Students8p ifan Peer
Interacting Metacognitive Strategy Instruction depe problem
solving skills in physics better than MetacognitivBtrategy

Instruction?

Can Peer Interaction [Peer Interacting Metacogaifirategy (PIMS)
Instruction] significantly improve the Use of Metamitive Strategies
in Problem Solving of Higher Secondary School Stusle(over

Metacognitive Strategy Instruction)?

Which component skills in metacognitive strategypadblem solving

Viz.,

I Representing the problem
. Planning the solution
iii. Implementing the plan and

Iv. Evaluating the solution

Contribute significantly to the problem solvingillskin physics in

students instructed on Metacognitive Strategy?
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Hypotheses

The research questions were reformulated in to fibllowing

hypotheses.

1)

2)

3)

4)

5)

6)

Metacognitive Strategy Instruction [Peer InteragtiMetacognitive
Strategy Instruction (PIMS) and Metacognitive Sigyt (MS)
Instruction] has significant effect on analogiceblpiem solving ability

in Physics among Higher Secondary School students.

Peer Interaction in Metacognitive Strategy Instiarcwvill significantly
enhance analogical problem solving ability in phgsamong Higher

Secondary School students.

Metacognitive Strategy Instruction [Peer InteragtiMetacognitive
Strategy (PIMS) Instruction and Metacognitive Sigyt (MS)
Instruction] has significant effect on Problem Sy Skills in Physics

among Higher Secondary School Students.

Peer Interaction in Metacognitive Strategy Instarcwvill significantly
enhance problem solving skills in physics amonghdigSecondary

School students.

Peer Interaction in Metacognitive Strategy Instiarcwvill significantly
enhance the use of metacognitive strategies inlgmolsolving in

physics among Higher Secondary School students.

The component skills in metacognitive strategy ofbjem solving

viz.,

I Representing the problem

. Planning the solution
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iii. Implementing the plan and

V. Evaluating the solution

will contribute significantly to the problem solgrskills in physics of

the PIMS group and MS group.

M ethodol ogy

The study employed a quasi-experimental, non-edgm pre-test
post-test control group design to test the effeciess of a metacognitive
strategy instruction on the problem solving skiisphysics among higher
secondary school students of Kerala. This involdeselopment of the
instructional strategy, teaching three units in gty using this instructional
strategy and at the same time instructing theegjyatlirectly to the students

and testing its effectiveness on domain specifobj@m solving.

Variables

The study is quasi-experimental. It employs indeleat variable,

dependent variable and control variable.

Independent variable

Independent variable of this study is metacogaisitrategy instruction,

with three levels viz.,

1. Metacognitive Strategy
2. Peer Interacting Metacognitive Strategy

3. Conventional Strategy (control)
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Dependent variable

The effectiveness of the independent variableroblpm solving skills

in physics is studied. The study identified sevepehdent variables, namely,

1. Analogical Problem Solving Ability
2. Problem Solving Ability in Physics

3. Use of Metacognitive Strategy for Problem Solving

The four component skills in using metacognititrategy for problem

solving are also study as dependent variablesseltgb variables are :

1) Representing the Problem Situation
2) Planning the Solution
3) Implementing the Plan

4)  Evaluation of Solution
Control variable

All the three groups namely PIMS, MS and CS weadcimed based on
their Previous Problem Solving Ability. Hence thentrol variable in this
study is the previous problem solving ability ofpgs. All the three groups
were instructred by the investigator and hencehiaactor is considered

constant.
Design of Experimentation

Non-equivalent pre-test post-test control groupigie which can be

debited as follows was employed in this study.
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Gy : O, X1 0407099
G, 0O, X5 05030y
Gs . O; C; 0509

01, O, and Q are the Pre-tests on the dependent variable [Busvi

Problem Solving Ability in Physics]

O; Os and @ are the Post-tests, viz., Analogical Problem Sgjvi
Agility in Physics.

0O;, O3 and Q are the Post tests, viz., Problem Solving Skills i
Physics.

010, and Q; are the Post tests on the Use of Metacognitivat&jres
in Problem Solving involving Component skills (repenting the
problem, planning the solution, implementing tharplevaluating the

solution)

G, is the First Experimental Group (PIMS group)
G, is the Second Experimental Group (MS group)
Gs is the Control Group

X is the Application of First Experimental Treatmé@Reer Interacting

Metacognitive Strategy)

X, is the Applicaton of Second Experimental Treatimen

(Metacognitive Strategy)
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C, is Application of Control Treatment (Conventionatrategy) of

teaching problem solving.

All the three groups are matched based on thewipus problem

solving ability.
Samplefor the Present Study

Higher Secondary School Studnets of Kerala coraghe population
of the study. Out of the fourteen districts in &er Kozhikode district was
randomly selected for the study. Three Higher 8daoy Schools with
students of comparable socio-economic status amdagidnal background
were choosen from Kozhikode district. These wex6k Higher Secondary
School, Farook College; Government Ganapath Voeatibligher Secondary
School, Feroke; and Government Vocational Higheco8dary School,

Cheruvannur.
Sample used for standardization of tools

Out of three schools, two schools namely Farooheli Secondary
School and Government Ganapath Vocational Higheo&ary School were
randomly assigned for providing sample for stanidattbn of tools. Each of
these schools had four grade 11 classes. Therm aveund 50 students in
each of these eight classrooms. From among th# elgsses, three classes
were randomly selected as standardization samnipléhese three classes two
(out of four) were from Government Ganapath VoaaldHigher Secondary
School and one class was (out of four) from Farébgher Secondary
School. In these three classes same tests wereyadp Out of around 150

students who were administered the test, 112 stsidgve data which was
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complete in all respects. Therefore these 112esiigdwere used as sample

for standardization of tests.
Sample used in experiment

For conducting experiment, Government Vocationghidr Secondary
School, Cheruvannur was randomly choosen. Thene \eee grade 11
classes with around 50 students in each class-teBrgPrevious Problem
Solving Ability) were conducted in all the threas$es. After matching the
three groups on Previous Problem Solving Abilit§,students each from the
three classes were choosen for the interventiome three groups of 38
studnets each were then randomly assigned intekperimental (PIMS and

MS) and control (CS) group.
Toolsand Techniques

The tools were developed and used to quantify tgeddent and
control variables. In totafour Tests on Problem Solving especially in the
field of mechanics to be administered at differstaiges of the study were
developed. Two of these tests are parallel and wseel as the pre-test and
post-test of problem-solving ability. Thus, theeth separate tests developed

were the following.

1. Tests of Problem-Solving Ability (Two Parallel FosmPrevious

Problem Solving Ability, and Analogical Problem @olg Ability, ).
2. Test on Problem Solving Skills in Physics.

3. Diagnostic Test on Component Skills in Problem Bgv(Use of

Metacognitive Strategies in Problem Solving)

This diagnostic test consists of four sub-tests, v
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1) Test on the Ability to Represent Problem situation

2) Test on the Ability to Plan Problem Solving Procedu

3) Test on the Ability to Implement Problem SolvingpBedure
4) Test on the Ability to Evaluate Solution to a Pextl

In addition to the tools, a metacognitive strataggtruction was
developed to enhance problem solving skills in pisysamong higher

secondary school students. It consists of theviatlg four phases:
|. Presentation of the Knowledge Domain

This phase involves three sub-phases.
1. Presentation of Concept map

The different concepts and their relationships fast represented in
the form of a concept map. One concept map is peep® cover a unit. It
encompasses all the relevant equations for solthegproblems to follow.
The teacher presents one concept map at a time.Wilihelp students to
memorise the required concepts and principles amdidentify their

interrelationship.
2. Explanation of Concepts and their Relationships

Each concept is discussed and compared and daatrasth other
similar concepts to develop a comprehensive uraledsig. The principles
and equations connecting the various conceptssipdly quantities are
explained. The assumptions made while using theatems are also made

clear to the students.
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3. Exempilification of the use of concepts to solvehpems

In order to clarify the use of concepts and thelationships in solving
problems in physics, values of physical quantites set in everyday life
situations and the equations are used to determimenown physical

guantities.
II. Presenting the Problem

Well- structured academic story problems are priesk from three
units of Newtonian Mechanics, namely, ‘Motion irBaaight Line’, ‘Motion

in a Plane’, ‘Laws of Motin’'.

Mathematical values are embedded in a brief egpiam of an
incident, case or situation, from which learnersniify key words in the
story, select the appropriate algorithm and sequéorc solving the problem

and apply the algorithm.
[11. Problem Solving Procedure

In this phase students solve the problems undemgthdance of the
teacher. The maps are exhibited throughout thescpexiods in which

problems are solved. Problem solving procedurewaslfour steps.
1. Surface Representation

This step requires the semantic comprehensionelgvant textual
information and the capacity to visualize datasTihvolves the generation of
an initial problem description and qualitative ais& designed to facilitate
the subsequent construction of a problem solutBtudents identify the
information specified and wanted in the problemeddare then expressed in

the form of a graph or a diagram.
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2. Structure Representation

The knowledge base required to solve the problenpeesented before
students in the form of a concept map. Studentergém a theoretical
description of the problem by identifying the redev principles and relations

needed for qualitative analysis and later solutibthe problem.
3. Planning the Solution

After listing the relevant principles and relatsowalues of the physical
guantities provided in the story are identified.o$é that are not explicitly
given in the story are generated by deriving thguired relations. These
derived relations are scrutinised for errors if.aflye appropriate algorithm to

solve the problem is designed at this stage.
4. Implementing the Plan

The values of all the required physical quantiggplicitly given in the
story and those generated are substituted in tletifebd principles and
relations. The result or solution is then generafetowing the already

designed algorithm.
V. Metacognitive Analysis

This stage is designed to facilitate reflectiveniting among the
learners. Here, students analyse quantitatively curaditatively the solution
obtained. The learners make a quick review of tifierdnt stages through
which they passed. They discuss the constrainglface how the solution

path was opened. Metacognitive Analysis involvesdlstages
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1. Error Analysis

Here the Ilearners check whether the derived empstiare
dimensionally consistent and whether the units useddifferent physical
guantities are consistent. Then the learners gil@gigal reasoning for the
solution obtained. They should explain how the ®ofu is practically

feasible.
2. Monitoring the Procedure

At this stage, the teacher asks several questimndelp students
review the cognitive processes underwent by theearthers openly discuss
the constraints faced by them, the errors that meduwhile solving the
problem and strategies successfully adopted by .tAdma stages in problem
solving are enumerated after each successful proBl@ving. These steps
assured thorough understanding of the procedur¢éhéylearner to follow

them in future problem solving.
3. Analogical Problem Solving

Here the students are given a problem similattd they have just
solved under the guidance of the teacher. In Mgtaitwe Strategy Group,
the students solve this problem independently. leerP Interacting
Metacognitive Strategy Group, small homogeneousumggoof students (5
students in each group) solve the problem discgdbi@ strategies within the
group. Teacher maintains an environment of heatthimpetition among the

peer groups.

Once the analogical problem is solved, the whedsscdiscusses the
solution obtained, assumptions made and the vastiagegies used to crack

the problem.
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Scope of the Study

This study identifies various component skills mbblem solving,
namely, representing the problem, planning thetswoly implementing the
plan and evaluating the solution by reviewing &tere and classroom

experience of the researcher in teaching problerpsysics.

Following the identification of various componeskills in problem
solving, the study recognized an assortment ofrigcies to enhance these
components among students. Integrating these tpobs| this research
developed an instructional strategy to boost réflecthinking and problem
solving ability. Teachers in various fields of plogs can adopt this
instructional strategy and allied sciences for imgiptheir students become

better problem solvers.

The study developed reliable and valid tools farasuring problem
solving ability in relation to concepts in mechani{two parallel forms), the
problem solving ability of students in Physics iengral and for measuring
the various component skills related to problemvisgl Since these
component skills are found to be hierarchical,tdst can also be used for the
diagnosis of problem solving abilities in studeniese tools can further be

used by teachers and students of Physics at Hegmondary Level.

The study developed teaching modules covering ethuaits in
mechanics at higher secondary level giving duedaouproblem solving and
scientific process. The module consists of 30 lessdzach lesson has
duration of one hour. Every effort is made whilegaring the module to
enhance problem solving ability of students to m#diem a regular user of
metacognitive strategies. Science teachers canthisemodule for better
transaction of curriculum in their classroom. Thedule is self-instructing.

Therefore, students can use this module for inddg@riearning.
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The domain selected in the present study is Mackaklechanics is a
branch of physics that has scope for innumeralpestyof problems. Every
other branch of physics fundamentally gravitategatals Mechanics. Though
the subject is more concrete and directly relatedotr day-to-day life,
students seem reluctant to attempt to solve prablemmechanics. They
perceive Mechanics problems as most difficult andllenging. The strategy
developed in this study will play a vital role i@moving this prejudice notion
on the subject and makes it easily viable. Theutesdand two parallel tests
of Problem Solving Ability developed will be helpfdor teachers and

students in this regard.

The study examines the effectiveness of the giyabeth at individual
level and in small groups. It shows evidence fa lietter utilisation of the
strategy in an environment of peer interaction.r&hg this study illuminates
the role of peer-communication in academic perfarcea especially in
relation to higher secondary school physics, thotigh findings from this
study can be fruitfully extended to teaching-leagnof other sciences in all

levels of education.
Delimitations

Conceptualisation of the study is done by beamngind the higher
secondary/ vocational higher secondary school studeopulation in
government and government aided sectors in kekidavever for practical
reasons the sample is drawn from among standastudients only. Further
the experimental sample is drawn from a single mgpavernment school in
Kozhikode district. Though the school is geograplyc located in
Kozhikode, the student population in school, esglcin Xl and Xll classes
have almost equal representation from Malappurathkaorhikode districts.

Since these districts are geographically locatedine¢he centre of the Kerala
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state, the findings of the study will be generdileato the larger school

population of the state, and to those with sinslacio- educational situations.

Review of literature reveals that there are défgrtypes of problem
solving, broadly classified in to well- structuradd ill- structured. Since the
researcher found well- structured problem solving m@ore concrete,
systematic, academic oriented and convenient t@udss in classroom
situation, she selected only well- structured daomapecific problems.
Further, the researcher herself has an acaden@ntation in the discipline,
physics. So she delimited her study to a branclphyfsics ie., mechanics.
Since it is a classical branch of physics, the tsmtustrategies developed will

be generalisable to all other branches of physics.

Literature opens up to innumerable number of mEwblsolving
strategies. Most of these strategies are overlgppthough. Only
Metacognitive strategy, which the researcher asdurdeterminant in
reflective thinking and transfer value, was seléct&ome selected techniques
like the use of concept maps, analogical problelvirep and peer interaction
was incorporated in to the instructional strategygive it a finishing touch.
Such a selective approach to techniques was feltoppate from the pilot

studies conducted by the researcher.

The three groups employed for the study could beehed on the basis
of a number of factors that affect problem solviikg, domain knowledge,
intelligence, critical thinking likewise. The indiby to make concise these
factors to a manageable few, the researcher dediolechake the study
compact by matching the groups based on a vartabtewill be effected by

all these factors, ie., preuis problem solving ability.
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Practically each person in their everyday and mstmal lives
habitually solves problems. Therefore, it is indispable to understand the
width of problem solving behavior well enough togage and support

learners in them.

This chapter deals with review of literature mypsitawn from journals
sourced in internal. As much Indian studies onbjgm solving and
metacognition were not available in online jourpdisdian journals and

dissertations were purposely reviewed from libarie

Literature were searched on problem solving wiecsal focus on
Physics problem solving, metacognition and metaitivgn strategies to
enhance problem solving, developing conceptualkadge especially using
conceptness and on the role of peer interactionewt@aching problem

solving.

There were numerous studies on problem solvingstnod them
focusing on mathematics problem solving. Thougle tboncept of
metacognition was developed in 1970’'s, this comstrsl found extensively
studied and investigation of its role in facilityating problem solving is a
decent trend. Comparatively lesser studies wenglucted on the nature of
knowledge domain required and the role of concepshaa problem solving.
There are still fewer studies that investigate rolepeer interaction while

teaching problem solving and the studies evidenogradictory view points.

Comprehending the cognitive processes involvegroblem solving
and summarizing the factors effecting problem sguased on the reviewed

literature was quiet a difficult task. The revievakes evident the absence of
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a universal problem solving procedure that fac¢#itall types of of problems.
A meta analytic summary on cognitive processes taudors effecting

problem solving was not found in the available ektgerature on the topic.

The reviewed literature is presented in this chapinder two broad
categories viz., a theoretical overview and studies problem solving.
Theoretical overview includes problem solving, neetmitiion, nature of
knowledge domain and its integration and peer augon. Studies on
problem solving are further categorized as studre$l) problem solving, (2)
metacognitive strategies in problem solving, (Zbdrative problem solving,
and (4) nature of knowledge domain needed for praldolving and the role

of concept maps in learning teaching and problewirsp

Overview of Problem Solving: Concept, Processes and its Facilitation via

M etacognition and Collaboration

This section involves definition, strategies, efieg factors and
instructional strategies on problem solving. Thketi®n also deals with the
nature of knowledge domain needed and metacognéimh collaboration

facilitate problem solving.
Problem Solving: Definitions and Strategies

It is important to define problem solving in order teach problem
solving in classroom (Klahar & Dunbar, 1988; OseBé&erisowyl, 2001). A
few definitions of problem and problem solving pospd by different

psychologists and educationalists are presenteavbel

A problem is an unknown entity in some situationnding the
unknown is the process of problem solving. A prablean also be

considered as the difference between a goal stateascurrent state.
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Problem solving is then any goal directed seriesoghitive operations
(Anderson, 1980).

A problem is a situation that confronts the learnmat requires
resolution, and for which the path to answer isinohediately known

(Posamentier & Krulik, 2009).

A problem arises when there is a goal, but hove&xin this goal is not

known (Robertson, 2001).

A problem arises when figuring out how to do sormghdifferent is

needed (VanGundy, 2005).

Problem solving is an investigative task whereby solver explores
the solution path to reach a goal from given infation (Dhillon,
1998).

Problem solving is formulating new answers, goiegdnd the simple
application of previously learned rules to creatsohution (Woolfolk,
1993).

In a problem solving situation, the experimentegailtly knows the

solution, but does not know how to reach it (OseBaeriswyl, 2001).

Problem solving is cognitive processing that aimhsa@complishing

certain goals when the solution is unknown (Mayené&trock, 1996).

Problem solving is a complex, multi-layered skdlhd not one that
most students can be expected to develop unaidalio(B& Ross,
1997).
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These definitions on problem and problem solvieyeals that a
problem occurs when the person encounters a stiniafuwhich he/she does
not have an immediate correct response and sotiimgroblem necessitates

complex and reflective cognitive processes whiahloalearned.

The cognitive operations involved in problem sodvihave two vital
aspects. First aspect is the construction of a ahentphysical representation
of the problem, known as the problem space (Newdi&on, 1972). Such
representations consist of structural knowledgegcguiural knowledge,
reflective knowledge, images and metaphors of yfstesn, and executive or
strategic knowledge (Jonassen & Henning, 1999)oist@spect of problem
solving requires some activity based manipulatidnpmblem space, like
thinking (Jonassen, 2000). In short, problem sglvga reciprocal regulatory
feedback between knowledge and activity (Fishb&okart, Lauver, van

Leeuwen, & Langemeyer, 1990).
Strategic problem solving processes models

Problem solving is a linear, hierarchical proceHsere are different
approaches to explaining the problem solving preegsPsychologists and
educationalists have identified several steps wealin the problem solving
process that they propose will result in succespfoblem solving. These

series of steps are referred to as models of probtEving.

Polya’s (1957) prescription for solving problenmsists of four steps.
(1) Understanding the problem, i.e., recognizingaiwis asked for, (2)
Devising a plan for solving the problem, i.e., @sging to what is asked for,
(3) Carrying out the plan, i.e., developing theutesf the response, and (4)
Looking back, i.e., evaluating what does the retlilt Each of these steps are

considered as separate skills.
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Similar to that put forward by Polya (1957), Rei§rkin, and Brackett
(1976) put forward another list of steps for solviphysics problems, called

the DPIC (describe, plan, implement, and check).

There are a number of information processing nwodel problem
solving like General Problem Solver developed byvbleand Simon (1972).
It is a classic General Problem Solver to explaobfem solving process. It is
an information processing model that specifies $&ts of thinking processes

namely, ‘understanding processes and ‘search @eses

Bransford and Stein (1984) put forward an infoloratprocessing
model of problem solving called the IDEAL problerahser. It describes
problem solving as a uniform process of Identifyipgtential problems,
Defining and representing the problem, Exploringgole strategies, Acting
on those strategies, and Looking back and evalyate effects of those

activities.

Gick (1986) synthesized a number of informatioocessing models of
problem solving into a simplified model of problesolving process. It
includes the process of constructing a problemessgmtation, searching for
solutions, and implementing and monitoring soluioAll these information
processing models made an unsuccessful attempttitulate a uniform

theory of problem solving (Smith, 1991).

After the failure of information processing moddfs construct a
uniform theory of problem solving, schema-theoretnceptions of problem
solving opened the door for different problem typgsassuming that problem
solving skill is dependent on a schema for sohpagicular type of problems.

Existing problem schemas are the result of previexjgeriences in solving
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particular types of problems. This enables leart@ngroceed directly to the

implementation stage of problem solving (Gick, 1086

Information processing models of problem solving mbt consider
how problem complexity impacts cognitive demands #me spectrum of
cognitive processes that underlie solution opemati@iyoshi, Hannifin &
Wang, 2005; Kim & Reeves, 2007; Lajoie, 2008; Mamboer & Stoyanov,
2008). The current shift in instructional demanasf learning objectives to
authentic reference situations (Merrienboer, & &tayw, 2008) necessitates
the need for more robust models of problem solvivad accounts for how a
problems complexity, structure, and context impactearner’s ability to

manage multiple and competing cognitive demands.

Recently, investigators (Dogru,2008; Klahr & Dunb&988; Kilos,
Henke, Kieren, Walpuski, & Sumfleth, 2008; KneelantB99;0ser &
Baeriswyl, 2001) have put forward several modelsgmblem solving that
include steps like problem presentation, discowdrproblem, reformulation
of problem task and exploring ways of solving threlgtem. To mention a
few, Dunbar and Klahr (1988) model of ScientificsBavery as Dual Search
(SDDS) is a well known psychological model that eatles essential steps
for solving a problem in comparison to other modé&msmden & Sumfleth,
2012). SDDS has been frequently taken up by scierahers and education
researchers and it has been translated to sequseniable for classroom

practices (Emden & Sumfleth, 2012; Schreiber, TRey & Schecker, 2009).

Oser and Baeriswyl's (2001) practical teaching otkie provides
concrete teaching steps for problem solving praess school (Ohle, 2010).
This model that focus on various cognitive procesiiee Identifying and

formulating the problem, Activating prior knowledgeDefining and



Review of Related Literature 33

representing the problem, Formulating hypothesap]dfing possible ways
of solving the problem, Performing solving processd Looking back to
hypotheses and evaluating are applicable bothassediscipline situation and

in domain specific situation.
External and Internal Factors Affecting Problem Solving

There are external and internal factors that &ffgoblem solving
(Smith, 1991). External factors include problem etyp problem
representations, cognitive tools and instructionternal factors include
individual differences like familiarity, domain anstructural knowledge,
cognitive controls, metacognition, epistemologibaliefs, and affective and

conative elements. An account of these factortesmpted below.
1) Structuredness, complexity and abstractness of problem

Problems vary in terms of their structurednessmpexity, and

abstractness.

a) lll-structured/ well-stuctured: Based on the level of structuredness,
problems can be classified as well-structured drsdructured (Jonassen,
1997). Well structured problems are those we ugualicounter in
schools and universities. They are also calledstoamation problems
(Greeno, 1978). They consist of a well definedahistate, a known goal
state and a constrained set of logical operatios®lwing procedures. On
the other hand, ill-structured problems are thbsg we usually encounter
in our everyday and professional practice. Theyiregthe integration of
several content domains. They process multipletisols, solution paths,
or have no solution at all (Kitchner, 1983). They@lso be considered as

unique human interpersonal activities (Meacham &0Etn1989).
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b) Smple/Complex: Problem complexity is determined by the number of
issues, functions or variables involved in the peol) the degree of
connectivity of its properties, the type of funci@ relationship among its
properties and the stability among the propertieb® problem over time
(Funke, 1991). Problem complexity affects learneabilities to solve
problems (Halgren & Cooke, 1993). Complex problemglve more
cognitive operations than simpler ones accommogdatnultiple factors
during problem structuring and solution generatidhis places a heavy
burden on working memory (Kluwe, 1995). Furthermngdex problems
contain multiple, interrelated components that amnelear or implicitly
represented and are open to multiple approachessahdion paths
(Spector, 2010). They require recognizing the mohl mental and
external representations, devising arguments flutisa, and monitoring
progress (Belland, 2010; Belland, Glazewski, & Ridson, 2011; Cho
& Jonassen, 2002; Dunkle, Schraw, & Bendixen, 199%kin, 1983).

¢) Domain specific/ Abstract Stuated: Problems may be domain specific or
abstract situated. Domain specific problem sohawgvities depend on
the nature of the context or domain. They rely ognitive operations
that are specific to that domain and are refereeédg strong methods
(Mayer, 1992; Smith, 1991; Sternberg & Frensch, 1)99bstract
situated problem solving activities on the othendhao not rely on one
specific domain. They employ domain generic stiate{ike means-ends

analysis and are referred to as weak methods (Sema2000).

This classification of problems does not put themo watertight
compartments. Usually complexity and structuredre&slap. lll-structured

problems can be complex like those emerging froemyalay practices or they
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can be simple like the problem of selecting whatwear for different
occasions. Similarly most well structured problems math or science
textbooks are simple; while there can be very cemplvell-structured
problems like videogames. In the same way, domagacificity and
structuredness overlap. The present study conswielisstructured, domain-

specific problems with moderate complexity for léxeel of learners.

To solve well-structure complex problems there @dain cognitive
processes associated with the depth of content lkedigw a learner need to
master (Krathwohl, 2002). The revised Bloom’s taxoy of educational
objectives (Anderson & Krathwohl, 2001; Bloom, Esighrt, Furst, Hill, &
Krathwohl, 1956) sequenced six categories of cognifprocesses viz.,
remembering, understanding, applying, analyzingleating and creating.
Each of these categories are associated with thergiion of knowledge viz.,
factual knowledge, conceptual knowledge, procedutabwledge, and
metacognitive knowledge. These cognitive processesl knowledge
dimensions enable the teacher to specify what éedras to master, to solve

each of the complex well-structured problems.
2) External and internal representations of the problem

Problems vary in terms of how they are represetdeahd perceived
by the problem solver. Problems in everyday andegssional context require
the problem solver to separate important from ewaht information and
construct a problem state that includes relevdatirnmation (Goel & Pirolli,
1989).

An important function for designing for problemhsnog is deciding
how to represent the problem. In formal learningadions like schools and

universities, the instructional designers assurspamsibility for constructing
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the problem space for learners. They do it by mhog of withholding
contextual cues, prompts or clues on informaticat tieed to be included in
learners’ problem space (Jonassen, 2000). In thsept study, researcher
includes proper representation of a given problemfdcilitate problem
solving as the first step in problem solving praged It also estimates how
far the skill in representing a problem contributeverall problem solving

skills of the learner.

How problems are presented to the learner is aermd factor
influencing problem solving. Once the problem igganted to the learner,
he/she perceives it and makes mental models ofpthelem situation.
Development of mental models and their externabnat are dependent on
individual's cognitive skills. Therefore they argernal factors that influence

problem solving.

a) Mental models: A mental model is an internal representation clystem
that the learner brings to bear in a problem sghgiuation (Jonassen, 2003;
van Gog, Ericsson, Rikers, & Paas, 2005). It isettged through the
application of different cognitive processes susltanstructing, testing, and
adjusting a mental representation of a complex Iprob(Derry, 1996).
Through time experience and reflection on learnimghe problem space,
mental models gain strength, coherence and coralepimplexity (Jonassen
& Strobel, 2006; Kim, 2012)

Mental models are rich, complex, interconnectaeterdependent,
multi-modal representations that are generally tedkain response to
challenging problem situation. These mental modslsgn externalized can
serve as an index for knowledge development, prnogid window of how a

learner thinks and reason (Kim, 2012; Spector, 20H@&nning (2004) put
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forward the perspective of distributed cognitiongcc@ding to which
knowledge develops through interactions betweemrmal and external

representations in the task environment.

b) External representations. According to Kim (2012) and Spector (2008)
examination of external representation enablestonpedge the progress of a
learner in developing knowledge, reasoning aboet phoblem situation,

misconceptions and the need for support.
3) Computer based cognitive tools and lear ning environments

Cognitive tools are computer based tools and iegrenvironments
that are developed to function as intellectual g with the learner to
engage and facilitate critical thinking and higloeder learning like problem
solving (Jonassen, 1996). For example, Andes igégit Tutoring System
(Andes, 2006), and Physlet which is a java appboatieveloped to deepen
conceptual knowledge to aid problem solving (Chaist& Belloni, 2004).
They facilitate knowledge construction, support agptual understanding,
scaffold higher order cognitive tasks within comxplearning environments
and help learners enact a well-planned, prioritized of actions for the
solution of a problem (Funke, & Fresch, 1995; Jeaas 2006; Pea, 1985;
Salomon, Perkins, & Globerson, 1991).

Cognitive tools can also support metacognitioouigh structuring the
learning experience, providing scaffolds like prasn@mnd feed back to
support mental models, guiding students towardsregulation activities and
dynamic information processing (Bannert & Reima2dl1; Efklides, 2008;
Funke & Frensch, 1995; Lee, Lim, & Grabowski, 2010
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4) Instruction

Teacher’s instructional methods affect studentqrernce (Good &
Brophy, 2008). Earlier instruction focused eitharamntent knowledge or on
process skills, but today most countries simultasgofocus on both content
knowledge and process skills (Kim & Hannafin,20Xng, Coffey, Elby &
Levin, 2009). Owing to the increasing importancesoience process skills,
there is an increasing need to enhance studentsnskibserving, inferring,

interpreting, investigating, problem-solving (Leaen & Lederman, 2012).

Student oriented instruction is essential to emahldents to engage in
scientific inquiry and problem solving processesaence classes (Hofstein
& Kind, 2012). Class room instruction should alse &0 structured that
students are first provided with a problem situatamd then motivated and
guided to plan, conduct and evaluate their own tewlustrategies (Berg,
Bergendahl, Lundberg, & Tibell, 2003).

5) Familiarity with problem type

The strongest internal factor affecting problenvieg ability is the
solvers familiarity with the problem type. Expered problem solvers have
better developed problem schemas, which can be ogegl more
automatically (Sweller, 1988). In spite of this,ceiand Holyoak (1980.
1983) observed that although familiarity facilimfgroblem solving, that skill
seldom transfers to other kinds of problems. Hetfus, study examines the
effect of a metacognitive strategy instruction ba ability to solve analogical

or familiar problems.
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6) Domain and structural knowledge

Another internal factor effecting problem solviagility is the solvers
level of domain knowledge. The integratedness afiala knowledge is
called structural knowledge (Jonassen, Beissne¥aéci, 1993) or cognitive
structure (Shavelson, 1972). Taking in to consiti@na in this study

knowledge is presented to the students in the fifram integrated fabric.
7) Cognitive controls of problem solver

Individuals’ cognitive styles and control represpatterns of thinking
that control the ways that person process and meabout the information
(Jonassen & Grabowski, 1993). Cognitive controlschsuas field
independence, cognitive complexity, cognitive flekiy and category width
are most likely to interact with problem solvingads & Haueisen, 1976;
Heller, 1982; Maloney, 1981; Ronning, McCurdy, & liBayer, 1984).
Learners with higher cognitive flexibility and catiwe complexity should be
better problem solvers than cognitive simplistiarfeers because they

consider more alternatives and are more analyteni@ & Anderson, 1974).
8) Cognitive variablesin problem solving

Research in science is seeking to bridge the gapeen the cognitive
structures of learners’ science knowledge and theblem solving ability
(Gabel & Bunce, 1994; Lee, 1985; Lee, Goh, Chia &inC 1996; Niaz,
1989a, 1989b, 1994). In this effort studies wereedon the effect of various
cognitive variables namely, working memory capgcitjgembedding ability
(degree of field dependence- independence), dewelofal level and the
mobility-fixity dimension on problem solving (Johlonse, Hogg, & Ziane,

1993; Johnstone & Kellet, 1980; Niaz, 1988; Niad.&gie, 1993; Tsaparlis
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& Angelopoulos, 2000; Tsaparlis, Kousathana, & N1&88) and found that

these cognitive variables can be predictive of etisl problem solving

performance (Stamovlasis & Tsaparlis, 2005).

a)

b)

d)

Working memory capacity : The concept of working memory that has
been widely used in cognitive science refers to khenan limited
capacity system, which provides both informaticorage and processing
functions (Atkinson & Shiffrin, 1968), and is nesasy for complex
cognitive tasks, such as learning, reasoning, laggwomprehension, and

problem solving (Baddeley, 1986, 1990).

Cognitive style/ disembedding ability: Disembedding ability refers to the
degree of field dependence/ field independence rapictsents the ability
of a subject to disembedd information in a variefy complex and
misleading instructional context (Pascual- Leon889 Witkin, Dyk,
Paterson, Goodenough, & Karp, 1974). This abiitglso connected with

the ability of the subject to separate signal froorse.

Developmental level: Developmental level is a Piagetian concept and
refers to the ability of the subject to use formehsoning (Lawson,

1978,1985, 1993).

The mobility- fixity dimension: The mobility- fixity dimension is
associated with the theories of Werner (1957), Witnd Goodenough
(1981) and Pascual- Leone (1989) and has been shovine a good
predictor variable in problem solving. According Werner (1957),
during individual development, perception is firglobal, i.e., field
dependent (FD), and later analytical, i.e., fietdlapendent (FI), and
finally in the mature individual synthetic, that feeld mobile. The

characteristics of subjects to function consistemntl a Fl fashion (i.e.,



Review of Related Literature 41

fixity) and of others to vary that according to ctimstances (i.e.,
mobility) has been referred to as the mobilitytigxidimension (Niaz,
1989b; Niaz & Saud De Nunez,1991; Niaz, Saud Deedpy& Ruiz De
Pineda, 2000; Stamovlasis, Kousathana, Angeloppuleaparlis, &
Niaz, 2002; Witkin, 1965).

e) Cognitive flexibility: Cognitive flexibility or divergent thinking is &
ability to bring multiple perspectives to the taak hand, and it is
necessary for finding new solutions and creating rowledge and

tools (lonescu, 2012).
9) M etacognition

Flavell (1979) described metacognition as the aness of how one
learns, the ability to judge the difficulty of aska the monitoring of
understanding, the use of information to achiegea, and the assessment of
learning process. Metacognition is considered adtiving force in problem
solving (Davidson & Sternberg, 1998; Gourgey, 199ter, 1994; Masui &
DeCorte, 1999).

Skill in metacognition and self regulation suppdtte development of
mental models and the fidelity of external knowledgpresentations (Kim,
2012; Zimmerman & Campillo, 2003). Self regulaticefers to the control
learners have over setting goals, selecting ap@teptearning strategies,
maintaining motivation, and monitoring and evalngtiacademic progress
(Ramdass & Zimmerman, 2011). Increasing metacagnand self-regulated
activities have shown to lead to higher recall aeténtion (Lee, Lim, &
Grabowski, 2010; Poitras, Lajoie, & Hong, 2011) atekper understanding
(Bannert & Reimann, 2011) as learners become muos@reaof and take

charge of forming their conceptualizations of pesbs.
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In view of the importance of metacognitive stragsgin problem
solving, the present study incorporates variousedsions of metacognition
in the instructional strategy, and it is one of si@ted objectives of the study
to examined effectiveness of Metacognitive Strategpgruction on problem

solving outcomes in Physics.
10) Epistemological beliefs

Epistemological beliefs are yet another interredtdr that seems to
effect problem solving. It refers to the learnewsiderlying beliefs about
knowledge and how it develops. Learners’ epistemeigefs about the nature
of problem solving affect the ways that they ndtyraend to approach
problems (Hofer & Pintrich, 1997).

11) Affective and conative factors

Solving problems, especially complex and ill-stawed ones, requires
significant affective and conative elements as wiflective elements such as
attitudes and beliefs about the problems, problemain, and the learner’s
abilities to solve the problem significantly affggbblem solving (Jonassen &
Tessmer, 1996/1997). Conative elements such asgmggantentionally,
exerting effort, persisting on task, and makingicé® also affect the effort
that learners will make in trying to solve a probhl¢Mayer, 1998; Perkins,
Hancock, Hobbs, Martin, & Simmons, 1986).

12) General problem solving skills

Some people are better problem solvers than gthermuse they use
more effective problem solving strategies. Solweh® attempt to use weak
strategies, such as general heuristics that caappded across domains,
generally fair no better than those who do not gty & Anderson, 1989).

Whereas, solvers who use domain specific, stromgtegfies (Mayer &
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Wittrock, 1996). Present study successfully attemipto teach novice
problem solvers, domain specific metacognitive teges for problem

solving.

Problem solving is a complex cognitive skill med@ by
metacognition. There can be numerous explicit amalicit factors affecting
the process. Hence the factors presented here atdyercomprehensive. Yet
a sincere effort is made to summarize the variotesreal and internal factors

effecting problem solving in Table 1.

Tablel

External and Internal Factors Affecting Problem Solving

External Factors Internal Factors
Problem Types Familiarity
Well-structured/ llI-structured Domain and Stiwal Knowledge
Complex/ Simple Cognitive controls
Domain Specific /Abstract Situated Cognitive Mates
Problem Representations Working Memory Cdpaci
Cognitive Tools Disembedding Ability
Instruction Developmental Level

The Mobility-Fixity Dimension
Cognitive Flexibility
Representations
Mental Models
External Representations
Metacognition
Epistemological Beliefs
Affective and Conative
General Problem Solving Skills
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Instructional Designsin Problem Solving

Problem solving plays a crucial role in sciencariculum and
instruction in most countries (Gabel & Bunce, 19%eyworth, 1999;
Lorenzo, 2005). Improving students’ problem solvekijls continues to be a
major goal of science teachers and science educeggearchers (Friege &

Lind, 2006; Solaz- Portoles & Sanjose Lopez, 2007).

In most text books on instructional design, prabkolving is not even
mentioned. However, there are some works (Gagngg8& Wager, 1992;
Smith & Ragan, 1999; van Merrienboer, 1997) that eath general problem
solving strategies that focus on training complexrative skills that are
required to solve problems. Unfortunately, problsotving requires more
than the acquisition of pre-required skills (May£898). Specific models of

problem solving instruction needs to be proposetitasted (Jonassen, 2000).

Contemporary conceptions of student centered ilegm@nvironments,
like open-ended learning (Hannafin, Hall, Land, &llH1994; Land &
Hannafin, 1996), goal- based scenarios (Schank,o,F&ell & Jona,
1993/1994), and even problem based learning (Bard®85; Barrows &
Tamblyn, 1980) focus on problem solving outcomelseyT all recommend
instructional strategies, such as authentic casesulations, modeling,
coaching, and scaffolding to prop up inherent pFoblsolving outcomes.
Even then, they do not adequately explicate thereadf problems to be

solved (Jonassen, 2000).

Instructional designs for well-structured problerase rooted in
information processing theories, whereas instroetiodesigns for ill-
structured problems share assumptions with coristism and situated

cognition. Information processing theories conceavdearning outcomes as



Review of Related Literature 45

broad skills that can be applied across contentailzsn while constructivism

and situated cognition argue for the domain spatyfiof any performance

and call for instruction in some authentic coni{@xinassen & Land, 2000).

Hausmann, Sande, and VanLehn (2007) proposed types of

instruction for problem solving viz., Prompting feelf explanation, Example

problem alternations, Step-based tutoring and &akboration.

a)

Prompting for self explanation: When teaching problem solving,
instruction usually begins by presenting worked examples. Student
learner can be increased by prompting after eaghtstexplain why that
step is true, how it relates to what they knowadse what is its role in
solving the problem, etc...This method of prompting $elf-explanation
have shown to increase learning (Atkinson, Reni¥egrill, 2003; Chi,
DelLeeuw, Chiu, & LaVancher, 1994; Hausmann & CHQ02 Taylor,
O'Reilly, Sinclair, & McNamara, 2006).

b) Example-problem alternations. This is a type of problem solving

instruction where students are told that once thaye studied the
example, it will be removed and they must solve early identical
problem. This method have shown to increase prolsi@wing compared
to either all-example or all-problem instructiontkfson, Derry, Renkl,

& Wortham, 2000).

Sep-based tutoring: This involves a human or computer tutor thatvao
the student to attempt each step in solving a propbives feedback on
each step, gives a hint when asked (VanLehn, 200&)y studies testify
to their success compared to classroom instruddorderson, Corbett,
Koedinger, & Pelletier, 1995; VanLehn, Lynch, SehuShapiro, Shelby,
Taylor., e.t.al., 2005). But students may misuse fdeedback and hinds
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while using computer tutor by asking for so mangtsithat the system
constantly gives away the correct steps or solufitas behavior is called
gaming the system (Aleven, Stahl, Schworm, Fisc&ewallace, 2003;

Baker, Corbett, Koedinger, & Wagner, 2004). Stepehinstruction of
problem solving strategy can also be given in ctasss by a teacher. It

includes the following steps (Selcuk & CaliskanQ2p

1) Direct explanation: This involves explaining tpeoblem solving
process and strategies to raise student awarefhtss purpose and

rationale of strategy use,

2) Modeling: It is modeling of the strategies bye tieacher (by
thinking aloud),

3) Independent Practice: This gives students oppiis to practice

the strategies which they are being taught,

4) Explicit Feedback: This provides frequent fe@gloto students on
the quality and the strengths of their strategngisi

d) Peer collaboration: In the context of problem solving, peer collakimna
refers to a small group of students working togetbestudy an example
or to solve a problem. Studies show that collabonaklicits more
learning than individual (Johnson & Johnson, 19%avin, 1990)
collaboration may fail if one student does mosth& work while others
do little. This is called social loafing, dominati@r both (O’Donnell &
Dansereau, 1992). Collaboration may also fail du#aundering, where
the students are on the task and even collabordiutgare making little

progress (Barron, 2003).
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Though present study choose solution of well-$tmexl problems, it
share the assumptions of constructivism and siuedgnition, that different
kinds of problem solving in different contexts ashmimains summon different
skills. This research develops a task-specifiquasional strategy focusing on
different component skills to support the learnaiglomain specific problem

solving.
Knowledge Domain in Problem solving: Role of Concept Maps

Knowledge and competence are in a cause-effemtiaethip. On the
one hand knowledge is the precondition to solveagerproblems, and
problem solving indicates competence. On the offaed, knowledge might
also be enlarged by solving a new problem, i.ew kaowledge is being
acquired (Friege & Lind, 2006). Therefore it is el to consider
knowledge acquisition and the type of knowledget tailitate problem

solving.

The development of knowledge base is importanh lotterms of its
extent and its structural organization (Solaz-RHest& Sanjose Lopez, 2007).
The knowledge needed to solve problems in a congexain like physics is
composed of many principles, examples, technicéilde generalizations,
heuristics, and other pieces of relevant infornmat{&tevens & Palacio-
Cayetano, 2003). Any claim that knowledge can agMag found from other

sources when it is needed, is naive (Dawson, 1993).

Over decades, different researchers proposed rafiffetypes of
knowledge involved in problem solving in scienceable 2 presents an
overview of various types of knowledge entailed problem solving as

recommended by various researchers.
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Table?2

Types of Knowledge Involved in Scientific Problem Solving

Proposers

Types of Knowledge Involved in Scientific
Problem Solving

Anderson (1980)

1. Factual or declarative knowledge
2. Reasoning or procedural knowledge
3. Regulatory or metacognitive knowledge

Ferguson-Hessler &
de Jong (1990)

1. Situational Knowledge (knowledge of problem
situations that enables the problem solver to shift
relevant features out of the problem statement)

2. Declarative knowledge (conceptual knowledge
that involves facts and principles that apply withi
certain domain)

3. Procedural Knowledge (knowledge of actions or
manipulations that are valid within a domain)

4. Strategic knowledge (knowledge that help the
student to organize the problem solving processes
into stages he/she should go through in orderdolre
a solution)

de Jong &
Ferguson-Hessler
(1996)

1. Hierarchical organization of knowledge
(superficial/ deeply embedded)

2. Inner structure (isolated knowledge elementsl we
structured, interlinked knowledge)

. Level of automation (declarative /compiled)
. Level of abstraction (colloquial/formal)

O’'Neil & Schacter
(1999)

. Content knowledge
. Problem solving strategies
. Metacognition

Shavelson, Ruiz-
Primo, & Wiley
(2005)

RPlwWwNPRPIP~W®

. Declarative knowledge (domain specific content:
facts definitions, and descriptions)

2. Procedural knowledge (production rules/
sequences)

3. Schematic knowledge (principles/schemes)

4. Strategic knowledge (when, where and how
knowledge applies, strategies/ domain specific
heuristics)

Friege & Lind
(2006)

1. Conceptual knowledge
2. Problem scheme knowledge
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Researchers also demonstrates different meangasure declarative
knowledge, procedural knowledge, and strategic kedge. Concept and
cognitive maps provide valid evidence of concepgiaicture of declarative
knowledge (Ruiz-Primo & Shavelson, 1996a). Perfaroeaassessments are
needed to measure procedural knowledge (Ruiz-Pé&ingtavelson, 1996b).
Strategic knowledge is rarely directly measureds Hather implied whenever
other types of knowledge are measured (Shavelsaiz-RRimo, & Wiley,
2005).

Concept maps and diagrams along with a noteboalkcam provide a
visual medium for helping learners to notice whnyt know from what they
need to find out (Henning, 2004; Kozma, 2003). Hkxrepresentation tools
can also offer insight in to how a student is timgkabout the problem and

where critical concepts remain unformed (Kim, 2012)

It is often found that students often do not sedcen applying
knowledge which they have acquired in lessons teesproblems given in
school or in everyday life contexts (Friege & Lir&)06). This may be due to
lack of proper organization of knowledge and igmoea of problem scheme
knowledge. Less is known about how knowledge whihrelevant for
problem solving should be organized in a domaindsin content as physics

(Kintsch & Ericsson, 1996).
Role of concept mapsin learning and problem solving

Before proceeding to discuss the role of conceppsnin problem
solving, it will be helpfull to describe what arencept maps and provide a
theoretical framework supporting their uses, thepst followed while

developing a concept map and the challenges indatvesing concept maps.
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Concept maps were first developed by Novak andi@G(i®84). It is a
graphical tool for organizing and representing klemlge. It is based on
Ausubel’'s (1968, 2000) assimilation theory of léagn According to Novak
and Gowin (1984) a concept map is a schematic ddvicrepresenting a set
of concept meanings embedded in a framework of quitipns. Using a
concept map one can think and learn with conceptinking new concepts
to what one already know (Canas, Coffey, Carnoito#ieh, Hoffman,
Feltovich, & Novak, 2003). Learning with concept pgameans that the
learner is making an intentional effort to linkffdrentiate and relate concepts
to one another. In a concept map concepts aredstoegarchically and get

differentiated as learning grows (Irvine, 1995; Nidw& Gowin, 1984).
Theor etical framework of concept maps

According to Ausubel and his co-workwers during throcess of
thinking and learning with concepts, an individuses three processes:
subsumption, progressive differentiation and iraége reconciliation
(Ausubel, 2000; Ausubel, Novak, & Hanesian, 19&6)subsumption, lower-
order concepts are subsumed under higher-ordereptsi¢Pinto & Zeitz,
1997). Progressive differentiation is similar tee throcess of analysis and
involves breaking down of concepts in to finer afider components.
Integrative reconciliation is similar to the prosesf synthesis and occurs
when the learner attempts to reconcile and linkcepts on one side of the
map with concepts on other side (Boxtel, LindenelBfs, & Erkens, 2002;
West, Park, Pomeroy, & Sandoval, 2002).

Developing concept maps

Developing a concept map necessitates the leaonengage in an

active process consisting of the following steps.
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Step 1: Identifying the most general concepts dadipg them at the

top of the concept map.

Step 2: Identifying more specific concepts thaatelto the general

concepts in some way.

Step 3: Tying together the general and specificcepts with linking

words that make sense.

Step 4: Looking for cross-linkages that tie theaapts from one side

of the map to concepts of the other.

Concept maps can either be created by hand wghrpend pencil, or

by using one of many computer-based software progyréike CMap tools.

Challengesin using concept maps

It takes time for students and teachers to undedsénd incorporate

concept maps as learning and teaching strategysasaw to them.

Concept maps necessitate the shift of teachersisféom lecturing
contents to the design of concept maps and studerganingful

understanding of concepts.

Concept maps on the same topic developed by twerdift experts
will look different as they reflect the cognitivérisctures of different

people.

M etacognitive Strategiesin Problem Solving

A metacognitive strategy is a systematic cognite@hnique to assist

students in recognizing, planning, implementing amzhitoring solutions to

problems (Dirkes, 1985). The basic metacognitivatsgies are:
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o Connecting new information to former knowledge.
0 Selecting thinking strategies deliberately.

o Planning, monitoring, and evaluating thinking preses.

Several researchers consider metacognitive stest@g having a vital
role in aiding problem solving. Before describirig trole of metacognitive
strategies in problem solving, let us discuss vidhahetacognition?, what are
its constituent elements, how metacognition dewelbpough ages and what

prime factors should we consider while teachingamegnition.
Defining metacognition

Flavell while coined the word ‘metacognition’, defd it in simple
words as ‘thinking about thinking’. According tonii metacognition refers to
knowledge of one’s own cognitive processes, i.agvedge of how one
monitors cognitive processes and how one reguthtese processes (Flavell,
1976). Over the decades, various definitions ofac@gnition have developed
that include considerations of both cognitive anetanognitive processes,
and a numerous labels have been used like metdemgrknowledge,
metacognitive awareness, metacognitive skills, ametacognitive beliefs
(Veenman, Van Hout-Wolters, & Afflerbach, 2006).féw definitions given

by psychologists and educationists are presentédbie 3.
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Table3

Definitions of Metacognition

Proposal Definitions

Flavell,1979, - .

0.906 Thinking about thinking

Cross and Paris, The knowledge and control children have over tbain

1988,p.131 thinking and learning activities.
Awareness of one’s own thinking, awareness of ctnte
of one’s conceptions, an active monitoring of one’s
cognitive processes, an attempt to regulate one’s

Hennessey, " . . :

1999, p.3 cognitive processes in relation to further learramgl an

application of a set of heuristics as an effectiegice for
helping people organize their methods of attack on
problems in general.

Awareness and management of one’s own thought that
Kuhn and Dean, enables a student who has been taught a particular
2004, p.270 strategy in a particular problem context to reteieand
deploy that strategy in a similar but new context.

Martinez,

2006,p.696 The monitoring and control of thought.

These definitions show that metacognition focusethinking process.
It is concerned with the knowledge, monitoring acwhtrol of persons’

thinking to achieve specified goals.
Overlap among critical thinking, metacognition and self-regulation

Certain terms like critical thinking and self rémfion are often
considered synonymous with metacognition. Martirf2@06) argues that
critical thinking can be subsumed under metacogmjtbecause most skills of
critical thinking overlap component skills of metgaoition like analyzing
arguments (Ennis, 1985; Facione, 1990; Halpern812aul, 1992), making
inference using inductive or deductive reasoningn{g, 1985; Facione, 1990;
Paul, 1992; Willingham, 2007), judging or evalugti(Case, 2005; Ennis,
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1985; Facione, 1990; Lipmann, 1988; Tindal & Nol&995), and making
decisions or solving problems (Ennis, 1985; Halperf98; Willingham,
2007).

Veenman, Van Hout-Wolters, and Afflerbach (2006)ed that some
theorist view self-regulation to be a subordinaienponent of metacognition
(Brown & DelLoache, 1978), whereas others regardregllation as a super
ordinate to metacognition (Muis, 2007; Winne & Halw1998). Several
theorists regard metacognition as the hub of sgtiation (Borkowski,
Chan, & Muthukrishna, 2000; Lefebvre-Pinard & Pahat985; Muis, 20007,
Paris & Winograd, 1990; Winne & Hadwin, 1998). Thdgscribed how
metacognition can facilitate or constrain facetself-regulated learning, and
propose that metacognition is one key moderatqgresformance (Lefebvre-
Pinard & Pinard, 1985; Paris & Winogard, 1990).

Schraw, Crippen, and Hartley (2006) argue thah boetacognition
and critical thinking are subsumed under self-ragpd learning, which is our
ability to understand and control our learning emvments. Self regulated
learning refers to metacognition, motivation andgrabon and includes

critical thinking.

It can be concluded that metacognition supportical thinking and
self-regulation makes it more likely that one wilhgage in high-quality

critical thinking.
Constituent elements of metacognition

Metacognition involves two major constituents’.yiknowledge about
cognition and monitoring of cognition. There arevesal frameworks for
categorizing types of knowledge about cognition a@ys of monitoring of
cognition. These frame works were developed byetkiffit researchers (Cross
& Paris, 1988; Flavell, 1979; Paris & Winogard, 09%chraw & Moshman,
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1995; Schrew, Crippen, & Hartely, 2006; Whitebre@a|tman, Pasternak,
Sangster, Grau, Bingham, Almeqdad, & Demetriou,9206igure 1 gives a

summary of the categorization of constituent eleisiehmetacognition.

Metacognitive Elements

Cognitive Knowledge

Cognitive Regulation

/

Knowledge

/

l

Assessing the

Awareness Knowledg Identification Attending to
about one and e about and selection and being products and
selfas a managemen why and of aware of prosess of .
learner t of when to appropriate comprehensio Ol’le. S I.earnlng,
and fa'ctors cognition, use a strategies n and task rev!s!tlng and
effecting including given and \performance ) :revm_ng |
cognition knowledse stratesv . earning snals
\ J g \ ) allocation of - S/
about resontirces
strategies
\ 4 v A 4
1. Person and task 1. Procedural Conditional Planning 1. Monitoring Evaluating
knowledge knowledge knowledge or regulating
2. Self appraisal 2. Strategy 2. Cognitive
. . knowledge experiences
3. Epistemological

understanding

4. Declarative
knowledge

Figure 1. Categorization of Constituent Elements of Metattgn

Schraw and Moshman (1995) describes there aree thypes of
metacognitive theories that integrate cognitive ideolge and cognitive

regulation. They are tactic theories, informal tie® and formal theories.
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Tactic theories are developed without explicit sammss from personal
experiences or interactions from peer. In inforthabries individuals may be
aware of some aspects of these theories, but lackxalicit structure for
organizing their beliefs about knowledge. Formakadttes are highly
systematic and structured and are subjected toopafpl and rigorous
evaluation.

Development of metacognition

Studies on the development of metacognition shoat this a late
developing skill (Flavell, 1979; Schraw & Moshmah995; Whitebread
e.t.al., 2009). Children typically do not developtatognitive skills before 8-
10 years (Whitebread e.t.al., 2009).

Schraw and Moshman (1995) observed that youngremlbelow ten
years of age have difficulty in monitoring theirirting during task
performance and in constructing metacognitive fraor&s that integrate
cognitive knowledge and cognitive regulation. Thepbserved that
metacognitive skills like planning, selecting apmiate strategies, and
allocating relevant resources do not appear u@til4 years of age.

Kuhn (2000) identifies metacognition as a very duoia,
multidirectional movement to acquire better coweitistrategies to replace
inefficient ones. Many researchers have conclubdatimetacognitive abilities
appear to improve with age (Cross & Paris, 1988 rtéssey, 1999; Kuhn &
Dean, 2004; Schneider, 2008; Schneider & Lockl,Z2@&thraw & Moshman,
1995).

Schraw and Moshman (1995) proposed a developmerdeédure for
metacognition. According to them cognitive knowledgppears first at the
age of 6 and gets consolidated and evident by §eHds of age. Ability to
regulate cognition and improvements in monitoripgears by 10-14 years of
age in the form of planning. Monitoring and evailoatare slower to develop
and they may be incomplete even in adults.
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Kuhn and Dean (2004) displayed epistemologicaleustdnding as a
benchmark in the development of metacognition. Adicg to this
framework preschool children believes that everypeeceives the same
thing, and all perceptions match external reaBty the age of four they reach
the stage of absolutism, where they learn thatgeaple believes can differ,
but one person is right and other person is wr&ygadolescence they reach
the stage of multiplism or complete relativism,li@ag no beliefs can be
judged, and opinions can be equally right. By duthdd, people learn to
support opinion with reason and evidence and mea&kiation.

M etacognitive Activities/Skills

Relation of metacognition with learning resultdhe subject of many
educational studies. Even then, it is by no medearcwhich particular
metacognitive activities are related to learningutes. ldentifying these
activities related to learning outcomes can renderggestions for
metacognitive training (Sperling, Howard, Miller, &urphy, 2002;
Veenman, Elshout, & Meijer, 1997; Wang, HaerteM&lberg, 1990)

Metacognitive activity can be distinguished at icas levels of
specificity (Van Hout-Wolters, Simons, & Volet, 200 At the highest levels,
components such as planning, monitoring and evaluatcan be
distinguished. At intermediate level, more speciiomponents such as
selection of information, recapitulation and refles on learning process can
be discriminated. At the lowest level, metacogeitactivity is defined at task
level, like inferring the meaning of an unknown woirom its context,
examining a special case of a problem and modifyangroblem etc...
(Pressley, 2000; Schoenfeld, 1987)

In addition to this several educationalists hawentified and
distinguished several sets of metacognitive aa@witor skills. These
metacognitive skills or activities distinguished lgducationalists over
decades are summarized in Table 4
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Table4

Summary of Metacognitive Skills/ Activities Identified from Review

Proposal

M etacognitive Activities

Flavell (1979)
Schraw and Moshman
(1995)

1. Planning (before commencing a task)
2. Monitoring (during execution of the task)
3. Evaluation (up on completion of the task)

Lester and Garofalo (1982)

1. Orientation, 2. @rgation, 3. Execution,
4. Verification

Brown, Bransford, Ferrara,
& Campione ((1983)

1. Planning,2. Monitoring, 3. Goal appropriate
behavior

O’Neil & Abedi (1996)
Pintrich & De Groot (1990)

1. Planning, 2. Monitoring, 3. Cognitive Strategjie
4. Awareness

Schoenfeld (1992, 1987)

1. Analysis, 2. Explomati®. Verification

Veenman (1993)
Veenman, Elshout, &
Meijer (1997)

1. Orientation (preceding planning)
2. Systematic orderliness (including planning)
3. Evaluation (including monitoring)

Schraw, & Dennison (1994)

1. Metacognitive knowgeddeclarative knowledge,
procedural knowledge, conditional knowledge)
2. Metacognitive regulation (Planning, information
management, monitoring, debugging, and evaluation)

Alexander, Carr, &
Schwanenflugel (1995)

1. Declarative metacognitive knowledge, 2.
Cognitive monitoring, 3. strategy regulation and
control

Nelson (1996)
Winne (1996)

1. Metacognitive monitoring (flow of information
from the object level to the metacognitive level)
2. Metacognitive control (flow of information from
metacognitive level to the object level)

Hattie, Biggs, & Purdie
(1996)

1. Planning, 2. Implementing, 3. Monitoring leai
efforts, 4. Conditional knowledge and use of tactic
and strategies

Butler (1998)

1. Task Analysis, 2. Interpretingkaequirements,
3. Goal-setting, 4. Selection, 5. Adaptation
6. Invention of appropriate strategies, 7. Monigri
of progress, 8. Generation of internal feed back
9. Adjustment of learning approaches

10. Use of motivational and volition-control
strategies

Pintrich, Wolters, & Baxter
(2000)

1. Metacognitive knowledge
2. Metacognitive judgments and monitoring
3. Self regulation and control

Desoete, Roeyers. Buysse,
& De Clercq (2002)

1. Prediction, 2. Evaluation
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Though different authors present different nomatucks for
metacognitive skills/ activities, there are simtlas in these manifold
components of metacognition. It can be seen thatnphg or orientation,
implementation or strategy use, and evaluationeoifigcation are common in
most of these metacognitive skills. Since the stutbiructs and assesses
metacognitive strategy use in problem solving cantend since representing
a problem decide successful problem solving asrebedein various studies

on problem solving, it considers

0] Representing a problem,
(i)  Planning for a solution,
(i)  Implementing the plan, and

(iv)  Evaluating the solution
as component skills in a metacognitive strateggroblem solving.

Further Veenman, Prins, and Verheiji (2003) opitteat it is better to
assess metacognitive activities when persons exectdask than by means of
guestionnaires. Many researchers also observedrbttcognitive activities
are not usually task specific. They are generdksabross tasks and domains
(Schraw, Dunkle, Bendixen, & Roedel, 1995; Veenntalshout, & Meijer,
1997; Veenman & Verheiji, 2001; Veenman, WilhelmB&ishuizen, 2004)

Teaching metacognition

Several researchers offer evidence that metacognis teachable
(Cross & Paris, 1988; Haller, Child, & Walberg, 898Hennessey, 1999;
Kramarski & Mevarech, 2003). Researchers recomnaendmber of specific
instructional approaches to teaching metacognitiomoss and Paris (1988)

recommended providing explicit instruction in deatave, procedural and
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conditional knowledge as part of instruction. Sehr&rippen, and Hartley
(2006) and Schraw (1998) urge teachers to provigeic#t instruction in

cognitive and metacognitive strategies. Schraw §12%s0 suggest that such
instruction should emphasize how to use strategwen to use them, and

why they are beneficial.

Schraw (1998) advocate providing explicit promfushelp students
improving their regulating abilities. He recommeddsesing a checklist with
entries for planning monitoring and evaluation waihb-questions included
under each entry that need to be addressed duvengaurse of instruction.
He suggested that such a check list help studertt® tmore systematic and

strategic during problem solving.

Researchers further recommended the use of coditb® or co-
operative learning structures for encouraging dguakent of metacognitive
skills (Cross & Paris, 1988; Hennessey, 1999; Krakia& Mevarsch, 2003;
Kuhn & Dean, 2004; Martinez, 2006; McLeod, 1997ri®a& Winograd,
1990; Schraw & Moshman, 1995; Schraw, Crippen, &tldg, 2006). These
suggestions are rooted in Piagetian and Vygotskiyeuttion that highlights
the potential for cognitive improvement when studeimteract with one

another.

Schraw and Moshman (1995) noted that peer inieracan encourage
the construction and refinement of metacognitieotles that are frameworks
for integrating cognitive knowledge and cognitiegulation. Kuhn and Dean
(2004) suggested that social discourse can caus#ergs to internalize
processes of providing elaborations and explanstiomhich have been

associated with improved learning outcomes.
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Researchers also emphasize that instructors shmolaiote general
awareness of metacognition by modeling metacognitekills during

instruction (Kramarski & Mevarech, 2003; Martin@906; Schraw, 1998)
Role of metacognition in problem solving

Successful problem solving depends on three coemgerviz., skill,
meta-skill and will. Each of these components can ibfluenced by
instruction. When the instruction aims at promotingn-routine problem
solving, students should possess the relevant skdta-skill and will. Meta-
skill in the form of metacognition is central ingiem solving because it

manages and co-ordinates the other components (MES28).

While solving an analogy problem, a problem solweeds to engage
in the cognitive processes of encoding, inferriagplying, and responding.
Training in componential skills, especially infegi and applying improve
students’ problem solving performance (Robins & krayl993). However,
expertise in executing the component processestisutficient for problem
solving transfer. Based on a series of studiestnBéeg (1985) suggests
mastering each component skill is not enough tonpte complex problem
solving. Students must know not only what to dot &so when to do it.
Therefore on the development of learning strategpescial focus should be
given to controlling and monitoring cognitive prgses (Pressley, 1990). This

aspect of problem-solving ability is called problsotvers’ meta-skill.

Meta-skill or metacognition which seems to be anpartant
component in problem solving involves knowledgewdfen to use, how to
coordinate, and how to monitor various skills irolgem solving (Mayer,
1998). A meta-skill based approach further suggesideling of how and

when to use strategies in realistic academic tasks.
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Collabor ative Problem Solving

Group discussions emerged as a common pedagogiaatice in
science during 1970s and 1980s as a result of ament towards student
centered learning and constructivist approach, &hgr is considered
important to give students opportunities to aratelland reflect upon their

own ideas about science (Bennett, Lubben, Hogé&rampbell, 2004).

Peer interaction or collaborative group discussas a teaching-
learning technique seems to effect cognitive anthaognitive development
of students. Researchers examining the relationwdsst peer social
interaction and cognitive development have usudlgen based on the

theories of either Piaget or Vygotsky (Tudge, 1992)

Piaget (1959) proposed that a child’s cognitiveeligpment depended
upon manipulation of, and active interaction witlke environment. Central to
the learning process according to him are the statalisequilibrium due to
an imbalance between what is understood and whahdsuntered. Piaget
suggested that peer interaction promoted cognitgaflict by exposing
discrepancies between the peers’ own and othersvledge, resulting in
disequilibrium. As higher levels of understandingegge, through dialogue
and discussions with individuals of equal statugjildrium is restored and
simultaneously cognitive change occurs. This isarégd as an internal
process, which then manifests itself in behavian {(aside-out” theory;
Garton, 2004). Studies grounded on a Piagetiantemivist framework
have largely supported this view that working wéthpeer leads to greater
cognitive benefit than working alone (Dimant & Besan, 1991; Druyan,

2001; Golbeck & Sinagra, 2000; Kruger, 1992).
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According to Vygotsky (1978) learners should bedgd or scaffolded
by a “more capable peer” to solve a problem orycaut a task that would be
beyond what they could accomplish independentlycdntrast to Piagetian
theory, there is an external process, co-constludig the sharing of
knowledge which is then internalized discussed rasoatside-in’ theory;
(Garton, 2004). Within this perspective there ave key concepts: zone of
proximal development and inter-subjectivity (Vydots1978). The zone of
proximal development is the difference between vehahild can accomplish
independently and what can be achieved in conjonatiith a more expert
partner. Inter-subjectivity is the shared undemitagn that results from
individuals discussing their differing viewpoint$he expert is viewed as
having responsibility for adjusting the level ofpport or guidance required
(scaffolding) to fit the ‘novices’ zone of proximalevelopment. Studies
grounded in a Vygotskian framework have supportedview that cognitive
development depends on active social interactioduding reasoning and
explanation, with a more competent partner who dakfferent subjective
understanding of the tasks (Garton & Pratt, 20Gm&ha & De Lisi, 2000;
Tudge, Winterhoff, & Hogan, 1996).

Over the years, collaborating learning have gaipepularity (Biggs,
2003) with associated research that provided comceeommendations about
group size or construction of assignments to ogensitudent learning (Heller
& Hollabaugh, 1992). It has been argued that gmwagk enhances the quality
of education by helping the students to develogepdapproach to learning
(Jaques, 2000; Ramsden, 1992).
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Further, meta-analysis show that small group hastipe effect on
students academic achievement, persistence amddatii (Lou, Abrami, &

d’Apollonia, 2001; Springer, Stanne, & Dnovan, 1p99

Berge and Danielsson (2012) observed that theaictien between
group members as they solve physics problems wareaply executed
through speech, drawings and writing of equatidigen if most students
know which metacognitive strategies are good antdhnare bad, they do not
always apply the metacognitive strategies that itistruction invites. But
when they work in pairs they are more likely to uke good strategies
because social accountability improves metacognsivategy choice, which
thereby improves learning and problem solving. lkertwhile making meta-
cognitive strategy choices public may embarrasdestis who choose a bad
meta-cognitive strategy. To avoid embarrassmerdy tthhay choose good
meta-cognitive strategies more frequently and tleasn more effectively

(Hausmann, Sande, & ValLehn, 2007).
Studies on Problem Solving, M etacognition and Concept M aping

This section presents a brief review of studiesdooted on problem
solving, metacognition, concept mapping and peégraction during the
period 1978-2014. This is divided in to sub-sediadealing with studies on
problem solving, metacognitive strategies in problgolving, collaborative
problem solving, and nature of knowledge domaindedefor problem
solving. Separate consideration is given to Inditudies on problem solving

and metacognition.
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Studies on Problem Solving in Academic Contexts

A review of studies conducted on problem solving presented in this
section. Special focus is given to studies on mmwblsolving in physics
though some studies on problem solving in genardlia other domains like
mathematics and chemistry are included. Few stualiesoncept attainment
in physics are included keeping in mind its pradectole in physics problem
solving. A sub-section on Indian studies on problsolving is described

separately.

Bigozzi, Tarchi, Falsini, and Fiorentini (2014)napared a progressive-
learning approach to physics, based on knowledgieibhgy pedagogy, to a
content centered approach in which explanationspemxents and
discussions are centered on the transmission oflkdige. Forty- six students
attending the first year of high school particighte their study over a whole
school year. Students’ knowledge and mastery ofsigByconcepts were
assessed through questionnaires containing both-epded and multiple-
choice questions. Overall, the progressive-learrgngup outperformed the
content-centered group. Based on their study, relsees concluded that the
teaching of physics should be slow, cyclic, andefflgymentally appropriate

for the context.

Kosem and Ozdemir (2014) described the possibleatians of
thought experiments in terms of their nature, paep@nd reasoning resources
adopted during the solution of conceptual problefdggh school level
conceptual problems related to fundamental phyai@s on mechanics were
used in the study. Three groups of participants wérying levels of physics
knowledge- low, medium, and high- were selectedomder to capture

potential variations. Graduate students majoringhigisics and students who
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have already passed the PhD qualifying exam weémntas the high level
group. Undergraduate students who had been attpritien Department of
Physics Education for four semesters comprisedrtaeium level group. 12

grade students in a high school comprised the lewell group. Five

participants were selected within each level graml the study was
conducted with fifteen participants in total. Thiakoud and retrospective
guestioning strategies were used throughout thevithaéally conducted

problem solving sessions to capture variationshim participants’ thinking

process. The analysis of data showed that thougigrignents were actively
used cognitive tools by participants from all thieels while working on the
problems. Researchers also observed that parttsipeonducted thought
experiments for different purposes such as prexgticiproof and explanation.
The reasoning resources behind the thought expetatien processes were
classified in terms of observed facts, intuitivenpiples, and scientific
concepts. After the study researchers argued thstructional practices
enriched with thought experiments and related mestnot only reveal
hidden elements of students’ reasoning but alseigeecstudents opportunities

to advance their inquiry skills.

Mellingsaeter and Bungum (2014) presented a casky ©f how the
Interactive White Board (IWB) may facilitate coltee meaning making
processes in group work in engineering educatiorst iyear students of a
Norwegian university college students attended grawrk sessions as an
organized part of a basic physics course. Eachestugiroup was equipped
with an IWB, which they used to write down and handheir solutions to
physics problems. Researchers investigated howttltkents used the IWB in
the group work situation. From qualitative analysik video data, they

identified four group work processes where the |Y8yed a key role, viz.,
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exploratory, explanatory, clarifying and insertiofhe results revealed that
the IWB may facilitate a ‘joint workspace’ for semts’ physic problem

solving.

Susac, Bubic, Kaponja, Planinc, and Palmoric (2@14died how eye
movements reveal student strategies in solving teansg which is an
important skill required for problem solving. Resseers recognized eye
movements of 40 university students while they wezarranging simple
algebraic equations. The participants also repostedheir strategies during
equation solving in a separate questionnaire. Ttadysis of the behavioral
and eye tracking data, namely the accuracy, reatitioe, and the number of
fixations revealed that the participants improveeirt performance during the
time course of their measurement. The results atdd that the number of
fixations represents a reliable and valuable meathat can give insights in
to participants’ flow of attention and efficiency iequation solving. The
comparison of eye movement data and questionnaperts were used for
measuring the validity of participants’ metacogratiinsights. The measure
derived from eye movement data was found to be rabjective and reliable
than the participants’ report, indicating that tineeasurement of eye
movements provides insights in to unavailable dbgmiprocesses and may
be used for exploring problem difficulty, studempertise, and metacognitive

processes.

Bogard, Liu, and chiang (2013) conducted a mudtighse study that
examined how advanced learners solve complex prabl@hey focused on
how their application of cognitive processes cdmiied to difference in
performance outcomes. They found that masteringbleno solving

operations within each threshold of knowledge dewelent enhanced
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learners, conceptual awareness of where to appynittee processes and
increased the combination of cognitive processey thctivated at higher

thresholds.

Carlgren (2013) in her article ‘communication, tical thinking,
problem solving: A suggested course for all highost students in the 21
century’ argued that current high school studemnts laindered in their
learning of communication, critical thinking, antbplem solving. She claims
that the hindrances are due to three factors the. structure of the current
education system, the complexity of the skills teelmes, and the
competence of the teachers to teach these skillomunction with their
course material. She further advocated that allectirhigh school students
need the opportunity to develop these skills arad ¢hcourse be offered to
explicitly teach students these skills within astly modified western model

of education.

Coelho (2013) investigated whether problem solvioguld be
improved by means of HPS (History and PhilosophySafence). Three
typical problems from introductory courses of meubs, viz., the inclined
plane, the simple pendulum and the Atwood machieeeviaken as the object
of the study. The solving strategies of these mnmisl in the 18 and 14
century constructed the historical component of ghely. Its philosophical
components stemmed from the foundations of mechaesearch literature.
The researcher found that traditional solving etgegs for the incline and
pendulum problems are adequate for some situabaonsot in general. The
investigator suggested that development of logisalking by means of the

variety of lines of thoughts provided by HPS isezdml.
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Lee and Park (2013) developed a deductive exptanaask (DET),
using Hempel's deductive-normative model for sdfenexplanation. They
applied this task in teaching students to imprdnertknowledge about force
and motion. Their study consisted of two steps:piediminary study and the
main study. Preliminary study was conducted to @epthe conditions for the
successful application of the developed learnintensds to other classes and
investigated the students’ conceptual change bypeomy their pre-test and
post-test scores. The effectiveness of the DET® whecked by comparing
the scores of students who used the DETs withdbees of students who did
not. In the preliminary study, 7 classes with 268th grade male students
participated. In the main study, two classes withséudents from the 11
grade participated. In addition 72 students frorf! gade participated as a
control group. The results showed that many stwdesteived benefits and
reached a good conceptual understanding by usmd#T. Also, students
responded that learning physics through deduchivking was less difficult,

and the method of learning was interesting.

Safadi and Yerushalmi (2013) examined the impaatoaibleshooting
(TS) and problem solving (PS) tasks on studentisceptual understanding.
The study was conducted in two sixth-grade clagaaght by the same
teacher, in six lessons that constituted one thiira unit on simple electronic
circuits. In those lessons, one class was assifi$etessons where students
were asked to solve conceptual problems. Laterwesg asked to share their
work in a class discussion. The other class wagreess TS lessons where
students were asked to identify, explain, and cbrilee mistakes in teacher
made erroneous solutions to the same problems. Whey also engaged in a

class discussion. Researchers found that studesrtsirmance on subsequent
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transfer problems was significantly higher to th® Glass, in particular for

students with low prior knowledge.

Stadler and Garcia (2013) analyzed the resultsarofeducational
experience using the problem based learning (PBthad in physics course
for undergraduates enrolled in the technical teteoanication engineering
degree program. PBL included problem solving aéisi and instructors
guidance to facilitate learning. It involves posiag‘concrete problem’ to
initiate the learning processes implemented by Ilsgnaups of students. From
an instructor’s perspective, PBL strengths inclibedter student attitude in
class and increased instructor-student and stugledent interactions. The
students emphasized developing team work and comeation skills in a
good learning atmosphere as positive aspects. Rbsga advocate that
active learning methods can be appropriate in e®ging, as their
methodology promotes metacognition, independentnieg and problem

solving skills.

Bacerra-Labra, Gras-Marti, and Torregrosa (2012ppsed a model
of teaching/ learning based on a ‘problem baseadttire’ of the contents of
the course, in combination with a training in paged pencil problem solving
that emphasizes discussion and quantitative asalgther than formula plug
in. the researchers aimed to reverse the highréadind attrition rate among
engineering undergraduates taking physics. A numbér tests and
guestionnaires were administered to a group of estisd following a
traditional lecture based instruction, as well@snother group following an
instruction scheme based on the proposed apprd&aehresults showed that
the students who followed the new method could ldgvscientific reasoning

habits in problem solving skills, and show gainscionceptual learning,
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attitudes and interests, and the effects of theogmh on learning where

noticeable several months after the course.

Berge and Danielsson (2012) explored how a grdupuws university
physics students addressed mechanics probleme:;nis tof student direction
of attention, problem solving strategies and tlkestablishment of the ways of
interacting. Data of the study included video tapésstudents working
collaborate on physics problems and interviews witldents and tutor. After
analysis, researchers suggested that teachers tnesdaffold conceptual
discussions when participating in the groups, aslesits may have strong
preconceptions about not only the physics contentaiso about problem
solving strategies. They argue that physics stgdesmiuld benefit from the

inclusion of meta-cognitive discussions about pgabkolving practices.

Hong, Chen, Wong, Hsu, and Peg (2012) analyzed pimgsics
concepts employed by the students as they compheteds on project named
“Crawling Worm”. College students were requireddasign a crawling worm
using planning, self-monitoring, and self evaluatiprocesses to solve
contradictive problems. Based on the analysis aftiggeants’ working
portfolios and by reviews and interviews by engrimege professors, the
results of the study showed that the crawling waresign competition
encouraged the practice of problem solving andgtliftated the learning of
physics concepts such as friction, torque, fourdip&r material properties and
so on. The researchers also advocated that to emhiwe efficiency of
problem solving, one needs to practice metacognhimsed on an application

of related scientific concepts.

Kim (2012) proposed a stage-sequential modelahlag progress by

measuring the surface, structure and semantic remsatwf external
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representations. He named the learner throughreliffestages of knowledge
development as novice, advanced beginner, compd&tanber, proficient

learner, and intuitive experts. He found that mlemdels as assessed
through external representations become more wmtiegirand conceptually

complex as the learner progress through thesesstage

Shiakalli and Zacharos (2012) studied whether lpratsolving can be
taught in early education and whether approprieéetiing interventions can
be developed to scaffold children’s efforts to soproblems. 18 public pre-
school children in Cyprus constituted the samplee fiesearchers asked these
children to find all solutions of the pentomino. e€lfthildren’s problem
solving was supported by graphically representimgrtsolutions on squared
paper. The findings showed that children respormesitively to the problem
and were successful in finding all solutions foe tépecific problem. The
graphical representations of the solutions andfdines of teacher-children
and children-children interactions played an imgottrole in the positive

outcome of the activity.

Uhden, Karam, Pietrocola, and Pospiech (2012heir tpaper entitled
‘Modeling Mathematical Reasoning in Physics Edurdtreveal the strong
conceptual relationship between mathematics andiphyThey opine that the
role of mathematic in physics has multiple aspgdisPragmatic perspective
(its serves as a tool), (2) Communicative funcfjvracts as language), and
(3) Structural function (it provides away of lodicdeductive reasoning).
According to the authors, what is needed in th@mmss of physics teaching is
not meaningless calculations, but conceptual taiosis of physical ideas in

to mathematical language. In addition mathematesreveal new insights in
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the understanding of physics. Therefore teachirajegjies in physics should

focus on the structural role of mathematics.

Waller and Kaye (2012) designed and executedeethmonths course
in problem solving, modeling and simulation for laar engineering students.
They adopted a collaborative approach and werertaias with instructors
from both industry and academia. Training was ojz&eah for the laptop based
pedagogy that included modeling and simulation camepts. The concepts
and tools learned as part of the training were ese to be utilized
throughout the duration of student university stsdinterview with students
who entered the workforce later, indicated that dpproaches learned and

practiced were retained long term.

Pathak, Kim, Jacobson, and Zhang (2011) conduateglalitative
study examining the problem solving dynamics of thy@ds: a Productive
Failure (PF) dyad who initially received a low stiwred activity and a Non-
Productive Failure (NPF) dyad who initially recaivea high-structured
activity. Both dyads then received a high-struaypeoblem solving activity.
The participants in the study were grade 10 stgdesio were studying for
their General Cambridge ‘O’ Level Examination in altboys school in
Singapore. The researcher recorded the computererscactivities and
conversations of six PF and six NPF on two topi@kng’'s Law and Parallel
Circuit) amounting to 160 minutes of problem sotyiactivities. Data of the
study included video conversations of the dyadseest captures of their use
of a computer model, and their submitted answeesuRs of the study
indicated that initial struggle and failed attemptsvided an opportunity to
the PF dyad to expand their observation space faml éngage deeply with

the computer model compared to the NPF dyad.
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Spector (2010) suggested that development of memtadel is
typically made known through examining external \kiexige representations.
He opined that it is what the person is thinkingl drow that person is
thinking about the problem situation that is veinpigly correlated with the
guality of the solution that is developed and impéaited. He also suggested
that research is needed to examine how reliablgahdigurations of tool use
patterns, solution operations and cognitive preeeserve as an index for

mental model development.

Alibali, Phillips, and Fischer (2009) conductedidies on expert-
novice differences in problem solving. They sugghstt self-regulation is
improved as mental models grow to include procddkraowledge of
strategies. They observed that learning a prob&mmng strategy can lead to
better problem representations, and problem reptaisens can lead to better

use of strategies.

Pol, Harskamp, Suhre, and Geodhart (2008) inyastd whether
physhint program (a student controlled computerg@m that supports
students in developing their strategic knowledgedmbination with support
at the level of content knowledge) succeeds in avipg strategic knowledge
by allowing for more effective practice time foretistudent (practice effect)
and/ or by focusing on the systematic use of thelae help (systematic
hint use effect). Analysis of qualitative data frdite experimental study
conducted among secondary students showed that theth expected
effectiveness of practice and the systematic useepi$ode related hints

account for the enhanced problem solving skillstaflents.

Selcuk and Caliskan (2008) investigated the effe€problem solving

instruction on physics achievement, problem solvipgrformance and
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strategy use in an introductory physics coursenateusity level. A quasi-
experimental design, viz., nonequivalent pre-tesstjest control group
design was used. Sample for experiment consistdéd/@fgroups of student
teachers (n=74). During the eight —week study omeig received strategy
instruction, while the other group acted as contfta of the study was
collected by Physics Achievement Test, Problem iSglWerformance Test
and Problem Solving Performance scale. Findinghefstudy indicated that
strategy instruction was effective on physics aameent, problem solving

performance, and strategy use.

Gaigher, Rogan, and Braun (2007) conducted g sindhe effect of a
structured problem solving strategy on problem isghskills and conceptual
understanding of physics. The participants were X3@dents in 16
disadvantaged South African schools. Investigatonsroduced new
instruments, namely a solutions map and a concephgex, to assess
conceptual understanding demonstrated in studemtdenv solutions to
examination problems. The process of development cohceptual
understanding was then explored within the framekvad Greeno’s model of
scientific problem solving and reasoning. It waarfd that the students who
had been exposed to the structured problem solsirgjegy demonstrated
better conceptual understanding of physics ancedetd adopt a conceptual

approach to problem solving.

Krusberg (2007) evaluated three emerging techmdoigom the inter-
disciplinary perspective of cognitive science amggics education research.
The technologies viz., Physlet Physics, the Andetelligent Tutoring
Systems (ITS), and Microcomputer Based LaboratdBl() Tools- are

assessed in terms of their potential at promotimmceptual change,
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developing expert like problem solving skills, aamchieving the goals of the
traditional physics laboratory. The three technmegaddress different
aspects of physics knowledge: Physlets, a collectb Java applets, are
devised to deepen students’ conceptual knowledgdhydics (Cox & Dancy,
2004); the Andes Intelligent Tutoring Systems (IT&ms to develop
students’ procedural knowledge of physics problemaisg (Vanlehn, Lynch,
Schulze, Shapiro, Taylor, & Wintersgill, 2005); aMicrocomputer Based
Laboratory (MBL) Tools, a set of laboratory prolzesl associated software,
seek to relieve the physics laboratory of the demggf data collection and
display (Sokoloff, Laws, & Thornton, 2007). Krusgeconcluded that the
emergence of these technologies have a profounéampn all areas of
physics instruction, from course management to |probsolving instruction

and to data collection in the laboratory.

Ding and Harskamp (2006) explored the influencpartner gender on
female students’ learning achievement, interacdad the problem solving
process during cooperative learning. 50 studer@sf¢thales and 24 males),
drawn from two classes of a high school, took pathe study. Students were
randomly paired, and there were three researchpgraunixed gender dyads
(MG), female-female dyads (FF) and male-male dy@dsl). Analysis of
students’ pre- and post-test performances revahbdemale students in the
single gender conditions solved physics problemeeredfectively than those
in the mixed-gender condition, while the same was the case for male
students. They further explored the differencesvbeh female and male
communication styles, and content among the thesearch groups. It
showed that the female interaction content and lpnobsolving processes

were more sensitive to partner gender than wersetfar males.
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Friege and Lind (2006) studied the importance ‘tgpes’ and
‘qualities’ of knowledge in relation to problem simlg in physics. The sample
of the study include students (N=138) of an intemdieginner college course
in physics. They found that conceptual declarakmewledge and problem
scheme knowledge are excellent predictors of pmldelving performance.
They also claim that declarative knowledge is ntgpecal for low achievers
or novices in physics problem solving whereas mobscheme knowledge is
predominantly used by high achievers or experteyTtistinguished two
dimensions of knowledge ‘types’ and ‘qualities’. ddmedge types are
problem solving relevance and single knowledge el@s Knowledge

gualities are structure of discipline and organikedwledge units.

Jonassen and Strobel (2006) identified six diffieifeatures of a good
mental model. They are (i) structural knowledgeoiming concepts in a
domain, (ii) procedural knowledge involving a plam solving the problem,
(i) image or images of the system being explor@d) associations or
metaphors, (v) executive knowledge or the knowledfjevhen to activate
mental models, and (vi) beliefs or assumptions abwel problem. They also
suggested different facets of mental model devetyniThey are (i) building
a procedural model, (i) building a structural mhdi&) building an executive

model, and (iv) building arguments.

Pekrun (2006) observed that solving a complex Ipraobis a messy,
non-linear, and non-routine endeavor that requirakand error, but setbacks
during an activity can increase frustration andsealearners to lose focus

from the problem.

Roll, Aleven, McLare, Ryu, Baker, and Koedinged@8) in a study on

the teaching students how to effectively use tleellback hints available from
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a step based tutoring system found that while begking tutor was guiding
students help seeking behavior they compiled amanésl more domain
knowledge, but as soon as the help seeking tutw wened off, they
retrieved to their old gaming behavior, and thearhing returned to their

earlier levels.

Jonassen (2005) identified various processesdeaapply towards the
development of mental models. He enlisted threegsses as planning, data
collecting, collaborating, accessing informatioatadvisualization, modeling

and reporting.

Lorenzo (2005) reported on the development, implaation and
evaluation of a problem solving heuristic. The & was intended to help
students understand the steps involved in problelving and to provide
them with an organized approach to tackling prolslema systematic way.
The approach guided students by means of logicasorgng to make a
gualitative representation of the solution of aljean before understanding
calculations. The findings suggested that studentsd the heuristic useful in
setting up and solving quantitative chemical protde and helped them to

understand the phases of the problems solving psoce

Stamovlasis and Tsaparlis (2005), Tsaparlis angefapoulos (2000),
Tsaparlis, Kousathana, and Niaz (1998), Johnstdogg, and ziane (1993),
Niaz and Logie (1993), and Johnstone and Kellet3Q)9observed that
predictive- explanatory models that are based ognitive variables can
provide a rigorous and quantitative basis for tliely of the factors that affect
the general problem solving ability of studentsyedl as the structure of the

problems themselves.
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Stamovlasis and Tsaparlis (2005), Stamovlasis, sHthana,
Angelopoulos, Tsaparlis and Niaz (2002), Niaz, SBed\Nunez and Ruiz De
Pineda (2000), Niaz and Saud De Nunez (1991), aad (1989b) observed
that problem solving in chemistry requires flexiyil of functioning and
potential for adapting to a wide spectrum of exgreees, and it is facilitated
by mobility. Hence, mobility-fixity dimension is aimmportant predictor

variable of high school students’ problem solvirgfprmance in chemistry.

Hong and Chang (2004) investigated the cognitivaracteristics of
students’ decision making processes centered omisephdlifficulties and
strategies in personal daily life context involvibgplogical knowledge. The
study was conducted among first year science amtkrge high school
students in Seoul, Korea; 6 female students andlé& students. The students’
decision making processes were analyzed by studé&hisk-aloud’ and
participant observation methods. It was found ttieg students’ decision
making processes progressed in the following ondsrognizing a problem,
searching for alternatives, evaluating the altéveai and decision. During
the decision making processes, these phases weratee by trial and error.
It was observed that students had a tendency te didficulties in analyzing
the difference between initial state and desiragtigte of the problem,
organizing knowledge related problems, and clargyvalues as selective

criteria.

Park and Lee (2004) studied the factors to beidered while solving
everyday context physics problems. 93 high schdootlents, 36 physics
teachers, and nine university physics educatorcjgated in their study.
They used two types of physics problems viz., edayycontextual problems
(E-problems) and de-contextualized problems (D-emis). It was found that
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even though there was no difference in the actedlopmance between E-
problems and D-problems, subjects predicted thatdblems where more
difficult to solve. Subjects preffered E-problemmerh a school physics text
because they thought E-problems were better prableBased on the
observations of students’ problem solving processed interviews with
them, six factors were identified that could impedecessful solution of E-
problems. They include ability to grasp a problatunation, ability to extract
relevant information from long sentences, ability itgnore irrelevant
information, ability to use complex variables, atite ability to draw
conclusion without subjective judgments. They dtaand that many physics
teachers agreed that students should be able te waih these factors.
However teachers’ perceptions regarding the needefching these factors
were low. Therefore they suggested teacher refbrough in-service training

courses to enhance skills for teaching problemiisglin an everyday context.

Stamovlasis and Tsaparlis (2003) and JohnstoneSatepeg (2000)
observed that science material to be learned seenwed familiar to high
processors and they had higher achievement everemal task that do not
require high processing capacity, such as memagrialgorithms or recalling

of learned schemata.

Tsaparlis and Zoller (2003), and Zoller and Tsbp£t997) found that
the design of teaching strategies that can famlit@nceptual understanding,
plus the use of a variety of problems of varialdgidal structure and of
demand for information processing and in partictdarextended use of novel
problems can provide for a means for the developragnarious cognitive
abilities, and for effecting the transition fromwler to higher order cognitive

skills.
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Lee, Tang, Goh, and Chia (2001) opined that ineord improve
pupil’s ability to solve problems in science, spéattention should be paid to
two main issues: to develop in students problemisglskills through science
education, and to look at the difficulties facedsydents in this area and find

ways to help them overcome these difficulties.

Taconis, Fergusson-Hessler and Broekkamp (20Gdlyzed a number
of articles published between 1985 and 1995 in lsgimdard international
journals, describing experimental research on tfieceveness of a wide
variety of teaching strategies for science probbkoiving. They found that
both providing learners with guidelines and craeithey can use in judging
their own problem solving process and products, praviding immediate
feedback to them were found to be important prasggs for the acquisition

of problem solving skills.

Tao (2001) explored high school students’ collaboe efforts in
solving qualitative physics problems. The studyestigated whether and how
confronting students with varying views help to noye their problem
solving skills and develop better understandingtred underlying physics
concepts. The varying views were provided to tweh&year old students by
requiring them to work in dyads of three problemsing which they have to
consider and confront with each others’ ideas; tancbnsider, in a feedback
session, multiple solutions to each problem, compathe solutions with
their own and reflecting on their mistakes. Thedgtwdopted Marton’s
emerging theory of awareness as its theoreticakemonhing (Marton &
Booth, 1997). The results of the study showed toafronting students with
varying views have positive effects on studentsiriéng, thus supporting

Marton’s theory of awareness.
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Bransford, Brown, and Cocking (2000) observed thatices may
have stored knowledge of procedures, rules, anaiuias but they do not
have sufficiently integrated sets of mental moddleerefore they fail to
recognize what conditions warrant the applicatibkrmwledge and why is it
relevant. They also observed that, expert knowlddg®more integrated into
coherent mental model. They includes specificatminahen where and why
to use their knowledge. This will increase theieeph and accuracy during

problem solving.

Tsaparlis and Angelopoulos (2000) noted that deofor the working
memory model to be valid, a number of necessarydiions must be
fulfilled, namely, (i) the logical structure of th@oblem must be simple; (ii)
the problem has to be non algorithmic; (iii) thet@éd steps must be available
in the long term memory and accessible from it) tive students do not
employ chunking devices; (v) no ‘noise’ should begent in the problem

statement.

Mayer’s (1998) effort based learning principleasathat students think
harder and process materials more deeply when #neyinterested and
believe that they are able to solve the problench&tudents are said to have

high self-efficacy.

Zhang (1997) found that externalizing represeniati of problems
have numerous benefits for helping novices to mar@gblem complexity
such as limiting abstraction, aiding interpretatannformation, recognizing
invariant information, seeing a situation from dint perspectives, and
making inferences. They also help to extend workimgmory, store

information, and share knowledge.



Review of Related Literature 83

Leonard, Dufresne, and Mestre (1996) pointed dwt talthough
solutions to physics problems lay out in textbowokbg instructors in class
usually briefly state that the principles or cortsepeing applied, they do not
always specifically justify why these principles @oncepts are the
appropriate ones. Only solutions and equations hhencapsulate the
principles are written down. Students there forcpae that it is the finding
and manipulation of equations that lead to ansvesrd they regard the
principles as abstractions, which are somehow agpétom the real business
of problem solving. In reality understanding andngophysics consists of
being able to select the central ideas appropyiaied then apply them across
a wide range of problems. Therefore, the reseasdbareve that the only way
to convince students of this reality is to sepamte‘strategy’ from solution.
They define strategy as statement of major priesipr concepts that apply in
the problem situation, a justification of why thapply, and a qualitative
description of the steps by which they can be wisedrive at a solution, with

the focus firmly on the cognitive rather than tlmegedural skills.

Renni and Parker (1996) showed that everyday gtmtthat are
familiar to students help in their problem solvilRpsearchers used two sets
(real life problems and abstract ones) of matchhgsios problems, and
observed that seven out of eight students perforbetter with real life
problems when compared with abstract ones. Innteniiew students said
that everyday context problems were easier to \imia@r figure out what

was happening and could create interest.

Dunkle, Schraw and Bendixen (1995) observed trafopmance in
solving well defined problems is independent offpenance on ill-defined

tasks, with ill-defined problems engaging a différset of epistemic beliefs.
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According to Zhang and Norman (1994) high-levedr@ave functions
result from the learner’s internalization of infation in the environment and
the externalization of internal representationseyltheorized internal and
external representations as equal partners durnofplegm solving, with
external representations activating perceptual geees and internal

representations activating cognitive processes.

Mayer (1992) opined that novices do not possesk @eveloped
problem schemas and are not able to recognizegarotylpes. So they rely on
general information processing approaches to pnolsielving. This provides

weak strategies for problem solutions.

Song and Black (1992) observed that students sthowetter
performances with everyday context problems whemnséic concepts
applications were not required to solve problemsweler students showed
no difference between everyday or scientific cotsten problems requiring

specific concept application.

Song and Black (1991), while using the AssessRenformance Unit
categorization of the scientific process skillssetved that students showed
higher levels of achievement in problems requiririgrpretational skills in an
everyday context, whereas in problems requiringliegion skills their

performances where better in a scientific contest.

Robertson (1990) conducted a study on detecti@oghitive structure
with protocol data. He found that the extent to ahhihink- aloud protocols
contained relevant structural knowledge was a gtqoredictor of how well
learners would solve transfer problems in physt@nteither attitude or

previous experience in solving similar problemse ¢éncluded that structural
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knowledge that connects formulas and important eptscin the knowledge

base are important to understanding physics pilegip

Johnstone and El-Banna (1986, 1989) put forward working
memory model. It states that a student is likelfp¢osuccessful in solving a
problem if the problem has a mental demand (M-dehwarZ-demand) which
is less than or equal to the subject's working mgmmapacity. But the
student fail or will be unsuccessful in solving theoblem if the mental
demand of the problem is more than the working nrgmanless the student

has strategies that enable him/her to reduce tlue wh mental demand.

Saunders and Jesunathadas (1988) investigatetieviibe familiarity
of task content effect problem solving requiringgositional reasoning. They
observed that there was a similar interaction eéfietween the familiarities of
contents with the levels of difficulty in prepositial reasoning required for a

problem.

Sweller (1988) opined that experts are good proldelvers because
they recognize different problem states that invokeain solutions. If the
type of problem is recognized, then little searghimrough the problem space

IS required.

Perkins, Hancock, Hobbs, Martin, and Simmons (1986nd that
some students, when faced with a computer programmmroblem, would
disengage immediately, believing that it was td@alilt, while others would
keep trying to find a solution. They opined, if plem solvers do not believe
in their ability to solve problems, they will molskely not exert sufficient
cognitive effort and therefore not succeed. Thelir onfidence of ability will
predict the level of effort and perseverance that twill apply to solve the

problem.
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Simon (1978) opined that in general, the processed to solve ill-
structured problems are the same as those usedlvwe well structured

problems.
Indian studies on problem solving in academic context

Sumangala and Rinsa (2012) conducted a surveyh@rinteraction
effect of thinking styles and deductive reasoningomblem solving ability in
mathematics of secondary school students. A samplB00 high school
students of Malappuram and Kozhikode districts erdfa participated in the
study. Test of Problem Solving Ability in Mathentsj Test of Deductive
Reasoning and Thinking Style Inventory were usetbals for the study. The
investigators found that deductive reasoning aretetive thinking styles are
crucial for a good problem solver. They suggestad teachers should find
out and develop instructional strategies to bripghe child to use Executive
Thinking Style, and give chance for developing os@isg ability so as to

enhance problem solving ability in mathematics.

Manoj Praveen (2006) conducted a study on thectefdé mastery
learning strategy on problem solving ability in plog of secondary school
students. The study employed a pre-test post-tediat group design with 40
students in each group of grade 9 students. Thapgravere matched on
nonverbal intelligence, verbal intelligence andisaronomic status. The
investigator found that mastery learning strateggsdnot significantly foster
the mental processes and skills associated withlgmo solving of students
better than conventional strategy. The investigatiggested that the ability to
solve problems develop only by handling diversebfmms and that the
students should workout different problems on tlane concept using

different intellectual ways.
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Sumathy (1994) studied the hemisphericity, divetgginking and
problem solving ability in physical science of thles two students in Selam
and found that boys and girls did not show anyedé&hce in the deductive
thinking skill, inductive thinking skill, analyti¢ahinking skill, convergent
thinking skill, divergent thinking skill and symbolthinking skill. She also
found that girls were better than boys in solvinglppems involving recall/
recognition and in problems involving more than gerénciple skill and

synthetic skill.

Kumari (1991) studied the problem solving stragegand some
cognitive capabilities of 10-12 year old childrdie study revealed that the
problem solving ability and success on differenpety of problems are
significantly and positively related to each comyatcapability separately as
well as globally. She also found that there are es@maquential steps in
problem solving at different forms or levels ofpeases to be associated with

the tactics used by children.

Gill (1990) studied the effect of training strgiess on creative problem
solving abilities and cerebral dominance in relatio intelligence, personality
and cognitive style. The study showed that riglaiitbitraining strategy was
superior to the left-brain training strategy, asda creative problem solving
abilities in mathematics were concerned. The grdwgving the field
independent cognitive style scored higher on oaliiy than the field

dependent group on creative problem solving aluiby.

Dutt (1989) investigated the effect of problemvswy strategies on
problem solving ability in science and examinedrékationship with certain
cognitive and personality variables. The used toblsroblem solving ability

test in science developed by the investigator;giioeip embedded figure test
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(GEFT); the General Mental Ability Test; and thenGwehensive Anxiety
Test. The investigator found that strategies obf@m solving significantly
affect problem solving ability. He also found ti@tusing strategy is superior
to scanning strategy and that the high intelligagatlents, irrespective of the
strategies of training scored high on Problem 3Swjvability test than low

intelligent students.

Banerji (1987) investigated the effect of instrostin programming in
logo upon problem solving achievement of selecigth kchool students. He
used the graphic mode of the programming langua@&0O as a method of
teaching mathematics and problem solving. The tesuggested that the
new method had significant positive effect on shige application of
problem solving strategies and ability to underdtgmoblem statements.
Qualitative observations further suggested improy@s) in some of the

components of problem solving abilities, but noalhn

Jain (1982) conducted a study on the problem sghbehavior in
physics of adolescent pupils. He found that stuglevtio initially failed to
solve physics problems correctly were able to sahast of the problems
completely correct or partially correct after pmivig hints related to problem
solving strategies. He also found that the probkotving scores differed
significantly among the three groups of studentetdaon their 1Q levels and

also among students based on their level of irtteiéd development.
Conclusion on research related to problem solving

The research related to problem solving focusethime major aspects
namely, comparison of problem solving behavior etéhces among expert

and novice problem solvers, what contribute todbeelopment of problem
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solving skills, and teaching problem solving stgé#s in order to make the

novices become expert problem solvers.

The earliest one of these is the comparison ofblpro solving
behavior differences among expert and novice problsolvers (Chi,
Feltovich, & Glaser, 1981; de Jong & Ferguson-Hesd1986; Dhillon, 1998;
Larkin, McDermott, Simon, & Simon, 1980; Reif, & e, 1982; Veldhuis,
1990; riest, & Lindsay, 1992; Zajchowski & Martih993). Investigations on
the strategy use of the expert and novice probleiwess reveal that, experts
have a tendency of first analyzing the problem itatalely by depending of
the fundamental physics concepts before startirgpbee the problems using
equations. Whereas novices usually starts to stiwe problems using
mathematical equations, substituting the given aldeis, and then
investigating other equations where they can swibstthe other quantitative
variables. Expert problem solvers usually procdadugh four phases of
analysis when they are faced with a challenginghtjtzgive problem. These
phases include, conceptual analysis or exploring pinoblem, strategic
analysis or planning for a solution procedure, dtative analysis or
implementing the plan, and meta-analysis or rafigciand checking the
solution. In typical problem solving instructionplg quantitative analysis is
explicitly modeled for the students, leaving theandevelop other skills on
their own (Gerace & Beatty, 2005). Novices userthenceptual, declarative
knowledge in the first place for solving probleni$ierefore these variables
act as the predictor of their problem solving skilExperts have problem
schemes at their disposal in addition to declagativowledge. Therefore both
problem scheme and declarative knowledge act asptbdictor of their

problem solving skills (Friege & Lind, 2006).
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Later studies that concentrated on what factondributed to problem
solving skills (Robertson, 1990) suggest that tyyeetof knowledge viz.,
conceptual declarative knowledge, structural kndgéeand problem scheme
knowledge contribute significantly to problem salyiskills (Friege & Lind,
2006). Researchers also emphasis the role of aiggnknowledge and
finding the relationship between concepts to maleent better utilized during
problem solving (Beyer, 1984; de Jong & Fergusosgta, 1986; DeBono,
1983; Ferguson-Hessler &de Jong, 1990; Gorden & ®&989; Jonassen,
2000; Lee, 1985; Lee, Goh, China, & Chin, 1996; g@nAnderson &Wicht,
2002; O’Neil &Schacter, 1999; Palumbo, 1990; Sclekad Kleinmuntz,
1994). Research identifies use of concept map$ apamethod to organize
knowledge and express the relationship betweenegisclt is an accepted
method of teaching and learning (Abel & Freeze, &00Daley, Shaw,
Balistrieri, Glasenapp, & Piacentine, 1999; Ertn8emMNour, 2007; Hinck,
Webb, Sims-Gidden, Helton, Hope, Utley, Savinskahdy, & Yarbyough,
2006). In addition to type of knowledge, other astlike working memory,
familiarity, and epistemic beliefs etc. also seenmfluence problem solving.
The most important of these is metacognition. Ma@sgarchers conclude that
the use of metacognitive strategies like plannegcuting (implementing),
and Checking (evaluating) establish problem solviglities (Artz &
Armour-Thomas, 1992; Brown, Bransford, Ferrara, &ntpione, 1983;
Horak, 1990; Kramarski & Mevarech, 2003; Muis, 200uis, Gina, &
Franco, 2010; Otero, Campanario, & Hopkins, 1992).

Recent researches on problem solving in physiegdaected towards
teaching problem solving strategies in order to en#tke novices become
expert problem solvers (Foster, 2000; Heller, Kei€h Anderson, 1992;
Huffman, 1997; Larkin & Reif, 1979; Mestre, DufresiGerace, Hardiman, &
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Touger, 1993; Selcuk & Caliskan, 2008; van Weel®82). Explicit problem
solving instruction directly teaches students haw use more advanced
techniques for solving problems. Review of literatueveals that four
important factors need special consideration whkructing strategies to
develop problem solving skills viz., well organizesncept knowledge,
proper representation of problem, practice of numgative strategies, and
peer interaction. In addition to these factors entristudies investigate the use

of cognitive tools in computer settings during pesb solving.

Earlier studies on developing problem solvingIskih science were
conducted mainly among young children. Later s&idia problem solving
were extended to high school children (Ding & Harslp, 2006; Gaigher,
Rogan, & Braun, 2007; Pathak, Kim, Jacobson, &Zha@@1l; Pol,
Harskamp, Suhre, & Geodhart, 2008). Current stuoiredeveloping problem
solving abilities in physics are done in enginegriBacerra-Labra, Gras-
Marti, & Torregrosa, 2012; Hong, Chen, Wong, HsWwehag, 2012) and
university undergraduates (Berge & Danielsson, 20M2llingsaeter &
Bungum, 2014; Stadler & Garcia, 2013; Stadler & ¢&ar2013; Uhden,
Karam, Pietrocola, & Pospiech, 2012).

Review of studies related to problem solving patarly in India
reveal that most of such studies concentrated wdinfy relation between
problem solving ability and various cognitive angyghological variables
(Dutt, 1989; Gill, 1990; Kumari, 1991; SumangalaRénsa, 2012; Sumathy,
1994). Some studies have explored the possibiltieenhancing problem
solving skills using existing techniques of teaghwithout complete success
(Banerji, 1987; Jain, 1982; Manoj Praveen, 200).this scenario the

investigator feels the necessity to develop anrustbnal strategy that



92 METACOGNITIVE STRATEGY INSTRUCTION ON PHYSICS PROBLEM S®ING

focuses on the enhancement of problem solving sskalhd explore its

effectiveness.
Studies on M etacognitive Strategiesin Problem Solving

Educational research on metacognition and its pibsigis in teaching
learning process are more recent compared to thmbblem solving. Studies
exploring the nature of development of metacognjtiarious metacognitive
strategies and their effect on students’ achievémh special reference to
problem solving is dealt in this section. A numbéstudies conducted in the
period 1983-2014 are reported in decanting chragioéd order. A sub-

section of Indian studies on metacognition is aistuded.

Hargrove and Nietfeld (2014) examined the impattt@aching
creativity in the form of associative thinking s&gies within a metacognitive
framework. A representative sample of 30 universiggsign students were
selected from a larger section (N=122) to partigpan a 16 week
supplemental course. Each week a new creative itlgnktrategy was
integrated with activities to encourage metacogaiskill development. Upon
completion of the course, the treatment group hgwifscantly higher scores
on fluency and originality measures compared wiikirt matched peers. In
addition, students in the treatment condition nem@ihigher ratings on a
summative domain-specific process judged by extedesign experts.
Metacognitive Awareness Inventory scores incredsethe treatment group

but were stable over time for the comparison group.

Wang, Chen, Fang, and Chou (2014) explored thensei reading
metacognition and comprehension of Taiwanese stadesing a Chinese—
language version of the Index of Science Readingamwness. Structural

equation modeling results confirmed that the uryilegl model comprised
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three clusters of metacognitive knowledge, viz.lifbeand confidence in
science reading, knowledge of structure of scietee¢, and knowledge of
science reading strategies. The research providddrece on the relationship
between metacognitive awareness and comprehensisnience text. The
study also revealed that metacognitive awarenesssaxénce reading
deteriorated from elementary to middle school, bath Canadian and

Taiwanese students.

Hargrove (2013) assessed the long term impact ofetacognitive
approach to creative skill development of studehke study tracked design
students beginning their freshman year to determiokserved improvement
have been maintained throughout 4 years of unddwgte study. Preliminary
research statistically tested the introductiontaigured metacognitive skills
on the development of creative thinking ability frdiverse population of
undergraduate design students. The research iadidhat an approach to
education influenced by research in learning theorg metacognition does,
in the short term; result in students who are nooeative. Further, continuing
testing throughout students’ education showed shatents who participated
in one or more interventions finished with sigrafintly higher levels of
creative thinking. The study also demonstrated hogwly structured
educational interventions utilizing online blogsdawther internet based
technologies were successful in enhancing and aiaing students creative
thinking abilities. It provides educators with aplof action consisting of a

toolbox of creative strategies and a frameworkafoeflective approach.

Taasoobshirazi and Farley (2013) developed a &d-itPhysics
Metacognition Inventory to measure physics studentstacognition for

problem solving. The items in the inventory werassified in to eight sub-
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concepts subsumed under two broad components: kdgelof cognition and
regulation of cognition. The researchers found stadents’ score on the
inventory were reliable and were related to stuslgoitysics motivation and
physics grades. An exploratory factor analysis {gled evidence of construct
validity revealing six components of students’ nocegnition while solving

physics problems, including: knowledge of cognitiptanning, monitoring,

evaluation, debugging, and information managemaithough women and
men differed on the components, they had equivaleatall metacognition

for problem solving.

Thomas (2013) argues that problems persist witfsiph learning in
relation to students’ understanding and use reptasens for making sense
of physics concepts. He further argued that stwleviews of physics
learning reflect a surface approach to learning tbeuses on mathematical
aspects of physics often passed on via textboaotkdegture-style teaching. In
this context he reported on a teacher's effort tonidate students’
metacognitive reflection regarding their views dfypics learning and their
physics learning processes via a pedagogical chiwagencorporated the use
of a representational framework and metaphors. Asoasequence of
teacher's pedagogical change, students metacogiyitieflected on their
views of physics and their learning processes amgesreported changes in
their views of what it meant to understand physicd how they might learn

and understand physics concepts.

Bryce and Whitebread (2012) conducted a study diraed to better
understand how metacognitive skills develop in ypehildren aged 5 to 7
years. The researcher developed a new observatimedhod to better

represent young children’s (n=66) metacognitivellskby coding their



Review of Related Literature 95

verbalizations and non-verbal behavior during abjgm solving task. The
method proves to be developmentally sensitive dhdstiated both a
guantitative increase in metacognitive skills, analitative changes in the
types of monitoring and planning used throughoutyedevelopment. The
results of the study further indicated that momitgr processes further
improve with age, control processes improve witthkege and task specific
ability, and failures of metacognitive skills areinparily effected by task

specific ability rather than age.

Jacobse and Harskamp (2012) investigated howféotefely measure
metacognition in problem solving. They conducted eanpirical study in
grade five (n=39), using a new instrument for thesessment of
metacognition in word problem solving. The new nastent combined the
students’ performance judgments and problem vizsa@dins. It was
administrated to groups of students and its predicvalidity in problem
solving was compared to well-known think-aloud mgasand self-report
guestionnaire. Think-aloud protocols are valid, tome consuming method to
assess metacognition with practical drawbacks-r@elbrt questionnaires are
less valid, but easy to use. Analysis showed thatrtew instrument did

overlap with the think-aloud measure and both mtgatioblem solving.

Lubin and Ge (2012) discussed a qualitative sttltgt examined
students’ problem solving, metacognition and mdinra in a learning
environment designed for teaching educational teldyy to pre-service
teachers. The researchers converted a linear amdctah learning
environment in to a new learning environment bytegtualizing domain
related concepts and skills and providing ill-staned, collaborative problem

solving opportunities. The intervention called L@ag Environment
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Approaching Professional Situations (LEAPS) took tan account issues
surrounding motivation and situativity that are pérticular interest to
instructional developers and design-based reseaiclh@ur classes were
assigned as either traditional or LEAPS environsiérdm which four cases
were selected for further examination. The ressiiggested that the LEAPS
approach was beneficial in supporting studentsblenm solving, motivation,

and self-reflections, but only under specific coiodis.

Meijer, Veenman, and van Hout-Wolters (2012) inigeded joint as
well as independent influences of intelligence ametacognition of learning
results. 13 year old school students participatihénstudy. Intelligence was
measured by standardized test for reasoning, $pattiity and memory.
Measures of metacognitive activity was gatheredabalysis of think-aloud
protocols within two task domains viz., history guitysics. Prior knowledge
and learning results were measured by tests catstiiby the researchers.
The results showed that metacognitive activity dwmt relate to learning
results in either task domains. For history, tharfeng result was only
determined by prior knowledge. For physics, ingghce influenced the
learning results via prior knowledge but the eff@ft execution activity
appeared more important. Researchers proposeddaating by doing’ is a

powerful means for promoting the application of Whedge in physics.

Ozosy (2011) investigated the relationship betwddth grade
students’ metacognitive knowledge and skills, andath@matics
achievements. A total of 242 students from sixeddht schools participated
in the study. Turkish version of Metacognitive Kredge and Skills
Assessment (MSA-TR) was used to measure metacegrkhowledge and

skills. The results demonstrated a significant gsakitive relationship
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between metacognition and mathematics achieverResults further showed
that 42% of total variance of mathematics achievemeuld be explained by

metacognitive knowledge and skills.

Demircioglu, Argun, and Bulut (2010) investigateare-service
secondary mathematics teachers’ metacognitive hb@hevthe mathematical
problem-solving process. The case study methodolay/employed with six
pre-service mathematics teachers enrolled in oneersity at Ankara,
Turkey. Data was collected using think aloud methmdtwo sessions. The
study found no relationship between academic aenment and frequencies
of metacognitive behavior; however the types ofbpgms effected the
frequencies. The study also revealed that there was pattern in

metacognitive behavior with respect to achievenaanttype of problem.

Magno (2010) investigated the influence of metadogn on critical
thinking skills. The Metacognitive Assessment Ineen (MAI) which
measures regulation of cognition and knowledgeoghdion and the Watson-
Glaser Critical Thinking Appraisal (WGCTA) with thfactors inference,
recognition of assumptions, deduction, interpretetj and evaluation of
arguments were administered to 240 college studdrim different
universities in the National Capital Region in fkilippines. The Structural
Equations Modeling (SEM) was used to determinesffect of metacognition
on critical thinking as latent variables. The résulindicated that
metacognition offered a significant path to critit@inking and that for both

metacognition and critical thinking, all underlyifartors are significant.

Muis, Gina, and Franco (2010) demonstrated thatskif-reported
metacognitive strategies, students profiled as batilbnal and empirical had

the highest frequency of metacognitive strategy ceapared to students
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profiled as empirical. Similarly during problem wolg, students profiled as
both rational and empirical had the highest fregyeof regulation of
cognition compared to students profiled as emgdirma rational. Finally
students profiled as both rational and empiricahiaéd higher levels of

problem solving achievement compared to studemifsiga as empirical.

Peters and Kitsantas (2010) examined the effews® of a
metacognitive prompts intervention-science (MPIBhjich is based on the
nature of science with 162 eighth grade sciencdesiis. Findings showed
significant improvement in students’ content knadge and knowledge about
the nature of science in the experimental group.adidition, qualitative
finding revealed that the experimental group mdtteoes based on evidence
in the inquiry unit whereas the comparison groupgdendecisions based on

authority.

Schneider and Artelt (2010) analyzed the role @tanognition in
education in general and mathematics education articplar based on
theoretical and empirical work from the last fouecddes. The study
emphasized the importance of metacognition in nma#ttieal education. It
concluded that though the impact of declarativeag@gnition in mathematics
performance is substantial, the normal learnerswa as those with
especially low mathematics performance do benefibstantially from

metacognitive instructional procedures.

Wilson and Bai (2010) investigated teachers’ ustrding of
metacognition and their pedagogical understandingetacognition, and the
nature of what it means to teach students to baauoghitive. 105 graduate
students in education participated in the study Jtudy used mixed research

method for data analysis. Researchers suggestdd thiea participants’
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metacognitive knowledge had a significant impact tbeir pedagogical
understanding of metacognition. They also found teachers who have a
rich understanding of metacognition reported tletching students to be
metacognitive require a complex understanding ofh bihhe concept of

metacognition and metacognitive thinking strategies

Yilmaz-Tuzun and Topcu (2010) investigated elemgntstudents’
epistemological beliefs, metacognition and theilatrenship to students
perceived characteristics of constructivist leagnanvironment. A total of
626 students in"§ 7" and &' grades of nine elementary public schools in
Turkey constituted the participants of the studyns§iructivist learning
environment survey (CLES), Junior Metacognitive Asveess Inventory
(Jr.MAI), and Schommer epistemological belief gimstaire (EB) were
administered to students. Factor analysis of Jr.I Mévealed that both
knowledge of cognition and regulation of cognitibems were loaded in to
one factor. Confirmatory factor analysis of EB raeel a four factor structure
namely, innate ability, quick learning, omniscieatithority, and certain
knowledge. Regression analysis revealed that mgtéican and omniscient
authority were significant predictors of personalevance dimension of
CLES. Metacognition was found as the only predictdr the student
negotiation. Innate ability and metacognition ciintted to the model more

than epistemological beliefs for all three dimensiof CLES.

Downing, Kwong, Chan, Lam, and Downing (2009) camep an
entirely problem-based approach to learning andhieg with traditional
methods. The study was conducted among first yedengraduates at a Hong
Kong University (N=66). Learning and Study Stragsginventory (LASSI)

was used to measure student perceptions of thakinly, or metacognition.
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The researchers also explored difference in metateg development
between each group of students at the beginningaaitite end of their first
year in each programme. Researchers argue thaildiion to the formal
learning context everyday challenges emerging fileeradditional new social
context provided by the problem based curricula vides fertile

environments for the development of metacognition.

Jacobse and Harskamp (2009) developed a computgram to
improve students’ metacognitive and problem solvekgls. The program
consisted of word problems and metacognitive hifite experimental group
of grade 5 (n=23) practiced with the computer paogrin which the students
were free to choose metacognitive hints during lgmbsolving. The control
group (n=26) did not work with the computer progrdResults showed that
students who used the metacognitive program owddctire students in the
control group on the problem solving post-test angroved their problem
solving skills. The findings showed that metacageitskills can be enhanced
by students’ free choice of metacognitive hintsaitomputerized learning
environment and that the use of hints can increasgents’ performance in

solving word problems.

Whitebread, Coltman, Pasternak, Sangster, Gramghdm, and
Demetrion (2009) reported on observational appreaateveloped within a
UK study to the identification and assessment otacmgnition and self-
regulation in young children in the 3-5 year agege The analyses of 582
metacognitive or self regulatory video-taped evevease described, including
the development of a coding frame work identifymgrbal and nonverbal
indicators. The construction of an observationatruiment, the Children’s

Independent Learning Development (CHILD, 3-5) chistkwas also
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supported together with evidence of the reliabMityh which it can be used
by classroom teachers. The authors argue that #tablshment of
metacognitive and self regulatory capabilities otiyg children by means of
the kinds of observational tools developed witlia study also had clear and
significant implications for models and theories roétacognition and self

regulation.

Yuruk, Beeth, and Andersen (2009) investigated dffect of meta-
conceptual teaching interventions on students’ tstdeding of force and
motion. A multi-method research design includin@gsjtexperimental designs
and case study designs was employed to compareeffeet of meta-
conceptual activities and traditional instructiondainvestigate students’
reactions to meta-conceptual teaching interventidbshigh school students
in USA were enrolled in one of the two physics skssinstructed by the same
teacher. In the experimental group students’ engagé in meta-conceptual
knowledge and processes were facilitated throughows instructional
activities including, postal drawing, journal wnigj, group debate, concept
mapping and class and group discussions. In thgoanson group, the same
content knowledge was explained by the teachergaliith the use of
laboratory experiments, demonstrations and quargtaroblem solving. The
results showed that students in the experimentalghad significantly better
conceptual understanding than their counterpartisarcomparison group and

the positive impact remained after a period of nueeks.

Kung and Linder (2007) explored natural-in-actiometacognitive
activity during the student laboratory in univeysphysics, with an aim
towards quantifying the amount of metacognitiondubg the students. The

study investigated whether quantifying natural-otian metacognition is
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possible and valuable for examining teaching arainieg in laboratory.
Video recordings of student groups working durihgeé types of physics
laboratories were transcribed and then coded usingoding scheme
developed from related research on mathematicablgmo solving. The
scheme identified groups’ general behavior and cogaitive activity. The
researchers recognized that reliably identifyingaoegnition is challenging.
Results of the study suggested that a greater anodumetacognition do not
improve students’ success in the laboratory, whatters in whether the
metacognition causes the students to change behdwhe study indicated
that it is important to consider the outcome of aaegnition not just the

amount.

Muis (2007) Proposed four phases of self-regulédadning and four
areas of regulation. The four phases include @k @efinition, (ii) planning
and goal setting, (iii) enactment, and (iv) evalmt The four areas of
regulation proposed include (1) cognition, i.e.oktedge activation and
knowledge of strategies, (2) motivation and affed, achievement goals,
achievement attributions and self-efficacy, (3)dwedr, i.e., time and effort,

and (4) context i.e., resources and social context.

Abdullah (2006) observed that metacognitive skdle relevant in
physics problem solving. He also observed thatfoinen of a problem with

words plus a diagram is a way of reducing memosrioad.

Meijer, Veenman, van Hout-Woulters (2006) cond&da hierarchical
taxonomy of metacognitive activities for the intefation of thinking-aloud
protocols of students in secondary education, vitadied texts on history and
physics. After testing an initial elaborate taxorown multiple raters, it

appeared that the inter-rater correspondence wdbk bedow par. The
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categories in the taxonomy were too highly spedifi€ategories were
combined and tested on new protocols in a cyclishitm and they
constructed a revised taxonomy consisting of 1@ohjisprotocols and 16
physics protocols for coding. Frequencies of o@uwe of metacognitive
activities as well as the judgment of the qualityretacognitive activities of
the participants were collected. Researchers fahatithere is a reasonable
correlation between the frequency method and tladityunethod for coding

thinking aloud protocols.

Kramarski and Mevarech (2003) reported the resufs an
investigation on the effects of metacognitive tragnon the mathematical
reasoning and metacognitive skills of eight- gratiedents. They reported
that students received metacognitive instructioneither cooperative or
individualized learning situation out-performed qmarison students in their
ability to interpret graphs, fluency and flexibjlit of mathematical
explanations, use of logical arguments to supporathmreasoning,
performance on transfer tasks, and level of domsaecific metacognitive
knowledge. They recommended facilitating studentsth wsets of
metacognitive questions, containing comprehensiarestpns, strategic
guestions and connection questions to be complel@dng the task.
Comprehension guestions were designed to encotinagstudents to reflect
on a problem before solving it. Strategic questiomsre designed to
encourage students to think about what strategightrbe appropriate for a
given task and to provide a reason for choosing $trategy. Connection
guestions were designed to encourage studentsagnmize deep structure of
the problem so that they could activate relevamkgeund knowledge and

solution strategy.
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Teong (2003) conducted a study to establish tttené to which
metacognitive training plays a part in studentsravproblem solving in a
computer environment. The study was conducted #iZ2lyear old students
(N=142) from two primary schools in Singapore. Htedy consisted of two
phases, a quasi-experimental phase and a case @tadg. For the quasi-
experimental design, analysis of students’ mathealadchievement test data
Is used to investigate the relationship betweenaowgnitive training,
students’ level of mathematical achievement andr tirathematical word
problem solving performance. For the case studigdeanalysis of the think-
aloud protocol data during word problem solvinge@ht pairs of students is
used to explore the role of metacognition in mathgcal word problem
solving in a computer environment. In addition,demt questionnaire and
teacher interview data provide descriptive accoahttudents’ metacognitive
knowledge during mathematical word problem solvifilge researcher found
that metacognitive training improved mathematicalrav problem solving
performance and that the lower achievers had a Walefit from the

metacognitive training only after a period of time.

Case and Gunstone (2002) argued that metacogdiivelopment can
be viewed as a shift in the approach to learniregusy a student. Based on
this argument they investigated the metacogniteeetbpment of a group of
students on a course that aimed the metacogniéivelopment towards deep
approaches in learning and conceptual understandmg@ng university
students. Considerable diversity was found in tippr@aches used by
students, and the degrees to which those not lipittssing a conceptual
(deep) approach were able to develop this apprdacthose students, who
were initially using an algorithmic approach, resbars made the transition

fairly early in the course. Others changed to ddfe degrees at later stages.
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The students using information based approaches ndid display any
appreciable metacognitive development during theirssa The study
confirms that the promotion of metacognitive depaehent, i.e., use of deep
approaches is not easily achieved. The researatmisluded that while
certain factors of a course design such as jouaskli and an unlimited time
test, promoted metacognitive development, wher@amsesfactors such as
overall workload and time-pressured assessmentgjat@ti against such

development.

Mevarech (1999) compared the effects of three emie learning
environments viz., (1) metacognitive training irthboonstructing connections
and strategy application, (2) direct instructioga®ling strategy application
without training in constructing connections, ar3) (either metacognitive
nor strategy training, on mathematical problem isgjv 174 seventh grade
Israeli students participated in the study. Thogmeed to the metacognitive
training significantly out-performed their counteairts who were exposed to
the strategy instruction, who, in turn significgntdutperformed the students
who received neither kind of training (the cooperatcontrol group). The
researcher suggested that metacognitive trainingsisential to facilitate

problem solving and strategy instruction is bettt@n no training.

Msui and DeCorte (1999) are of the view that dimmep and self-
judging are the important metacognitive skills tha¢ positively related to

problem solving performance, and they can be learne

Davidson and Sternberg (1998) opined that the Idpweent of
metacognitive skills enable students to stratelyicatcode the nature of the
problem by mental representations of the probleselect appropriate plans

for solving the problems, and identify and overcashstacles to process.
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Gourgey (1998) opined that metacognitive actigijigomote problem
solving. He observed that while solving mathematipaoblems, good
problem solvers work to clarify their goals, undansls the concepts and
relationships among the elements of a problem, tootheir understanding,

and choose and evaluate actions that lead towaedsgaal.

Schraw (1998) describes metacognition as a muoigdsional set of
general, rather than domain-specific, skills the¢ distinct from general
intelligence. He suggests that these skills mag keelcompensate for deficits
in general intelligence and /or prior knowledge asubject during problem
solving. He also cites a number of empirical stadieat shows that cognitive
knowledge facilitate cognitive regulation. He olv&sr that about one-quarter
of the variance in cognitive knowledge is attritiaiéato cognitive regulation

and vice versa.

Lester (1994) opined that problem solving requkeewing not only
what to monitor but also how to monitor one’s perfance and sometimes
unlearning bad habits. He regarded metacognititigites as a driving force

in problem solving along with beliefs and attitudes

Artz and Armour- Thomas (1992) suggest the impmea of
metacognitive processes in mathematical problemirgplin a small group
setting. According to them, a continuous interplaf cognitive and
metacognitive behaviors is necessary for succegsfoiblem solving and

maximum student involvement.

Otero, Campanario, and Hopkins (1992) developethsinument for
measuring metacognitive comprehension monitorinftyalfCMA) that does
not rely entirely on subjects’ self reports. Theyurid that CMA was

significantly related to academic achievement agsueed by marks.
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Horak (1990) found that there are interactionswkeh students’
cognitive style (field dependence/ independence) teir use of problem

solving heuristics and metacognitive processes.

Cross and Paris (1988) describe an interventiayetad at improving
the metacognitive skills and reading comprehensioh71 students in third
and fifth grades. During instruction students reedi strategy training that
included explicit attention to declarative, procedu and conditional
knowledge about reading strategies. Students irh bgriades showed
significant gains in evaluation of task difficulgnd one’s own abilities,

planning to reach a goal, and monitoring progresstds the goal.

Haller, Child, and Walberg (1988) identified threlesters of mental
activity inherent in metacognition. They are awas3) monitoring and
regulating. Awareness refers to recognition of ®xdpland implicit
information and responsiveness to inaccuracies. itdiong entails goal
setting, self-questioning, paraphrasing, activatelgvant knowledge, making
connections between new and previously learnedecgnadnd summarizing.
Regulating involves compensatory strategies toreetiand bolster flattering

comprehension.

Haller, Child, and Walberg (1988) meta-analyzed&tpirical studies.
These studies were on the effects of metacognitisguction on students’
metacognition during reading. They found that thestneffective instructional
strategies include the textual dissonance approsglhquestioning and the

backward- forward strategies.

Brown, Bransford, Ferrara, and Campione (1983) ppsed
metacognition can be divided into two componentsovidedge of cognition

and regulation of cognition. Knowledge of cogniticefers to the relatively
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stable information that learners have about th&n g@rocesses including
knowledge of how they store or retrieve informati®egulation of cognition
refers to processes of planning activities prior elegaging in a task,
monitoring activities during learning, and checkingtcomes against set
goals. These processes are assumed to be unstdbdeendent on task and

situation.

Kitchener (1983) developed a three level model aafgnitive
processing that distinguishes between cognitiortacognition and epistemic
cognition whereby each level builds from the presidevel. At the cognitive
level, processes such as sensing, decoding, ansbrieg occur. At
metacognitive level, metacognitive processes irelygdanning strategies,
monitoring progress and control. In the last lesaled epistemic cognition,
functions is in synchrony with the other two levadsd includes the

monitoring of the epistemic nature of learning @noblem solving.
Indian studies on metacognition in educational contexts

Priya (2013) developed a learning package in gwlmtegrating the
process and skills of metacognition at the secgndahool level and
investigated the effect of this package in enhancnetacognitive skills and
achievement in biology of secondary school studefi® investigator also
examined the effect of the package on scienceestteand attitude towards
science. In the study, the investigator adopted pghetest post-test non
equivalent group design. The study revealed thati¢ghrning package based
on the metacognitive process enhance metacogrukils and achievement
in biology of secondary school students. The ingasor further found that

the learning package based on metacognitive prasesmre effective than
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activity oriented method of instruction in enhamgiscience interest and

attitude of secondary school students towards seien

Gafoor and Shareeja (2012) developed a metacoegniirategy
instruction for enhancing problem solving skillsphysics that incorporates
the ideas of organizing knowledge through concepipsn diagrammatic
representation of problem, and use of metacognsiretegies/ skills. A pilot
study was conducted to find the effect of this nedéveloped Metacognitive
Strategy Instruction on solving problems in NewgomMechanics. The study
employed a pre-test post-test control group gqugseemental design on two
intact groups of 21 students each of grade 11 feomocational higher
secondary school. The groups were matched basedthen pre-test.
Investigators found Metacognitive Strategy Instiutt effective and

significantly contributing to problem solving.

Jadav (2011) constructed and standardized a oggtdion inventory
for the students of secondary schools of Gujartte studying in Gujarathi
medium. The study was conducted among 1181 stuflemsgrade 8, 1072
students from grade 9, and 949 students from gffdeThe investigator
found that students of grade 9 and grade 10 werergu to students of grade
8 in the level of metacognition, while there were significant difference in
level of metacognition of grade 9 and grade 10esttsl He also found that
students of urban area performed better than stsideh rural area on

Metacognition Inventory.

Minikutty and Alka Abbas (2011) conducted a survem the
metacognition of secondary school students. Thepkaroonstituted 300
students from various schools of Ernakulum distinictKerala. The study

revealed that secondary school students have aarsgacognition and
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reflects the need to improve metacognition amongiesits for enhancing

achievements and to make them successful thinkers.

Parameswari (2011) investigated the effect of ougaitive
orientation to B.Ed. Physical Science trainees eatliing competency and
self esteem. The investigator employed single gqangptest post-test design
among 44 teacher trainees. The study revealedrbttcognitive orientation
is a better framework for developing good teacliaompetency and high self

esteem level of student teachers.

Parvathi and Mohaideen (2011) conducted a survegnetacognition
of prospective teachers. The survey was among i0@eist teachers of
Thoothukudi in Tamil Nadu. The investigators foutitht post graduate
student teachers have better metacognition tharergratiuate student
teachers in the dimension of monitoring. They dsond physical science
student teachers have more metacognition than taghematics student

teachers in evaluation.

Amutha (2010) developed an e-content with a mepaitoe
instructional design to empower science teachingipmience of B. Ed
trainees in the rural areas. After the pre-test-pes control group designed
study, she concluded that e-content with a metatiegnnstructional design
was effective in enhancing the Science Teaching figsemce of B. Ed

trainees of science in the rural areas.

Rajkumar (2010) conducted an experimental studycheck the
effectiveness of metacognitive strategies in plsyaichigher secondary level.
The metacognitive strategies were designed withuirggbased learning,
cooperative learning and problem based learningiadtgnitive model for

achievement in physics at higher secondary leved dewveloped. Pre-test
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post-test control group design was employed forstiely. It was found that
the metacognitive awareness had a significant igesiinfluence on

achievement in physics.

Shareeja (2010) explored what metacognition is, whg important
and how it develops in children. She argues tletiters need to help children
develop metacognitive awareness, and identify #eofs which enhance
metacognitive development. She considers metadoegritinking as a key
element in the transfer of learning and proposemtgaching strategies can
help mediate the metacognitive skills of childremd asstimulate children’s

metacognitive thinking.

Visakh Kumar (2010) investigated the effect of aoegnitive
strategies on classroom participation and studehiegement in higher
secondary school physics classrooms. A pre-testtpssexperimental design
involving two intact classrooms of a single schiool' hiruvalla in Kerala was
employed in the study. The study revealed thatube of metacognitive
strategies enhances student achievement and iesreaarticipation of
students in physics classrooms. The investigatggested that teachers
should allow students to seek understanding byoeixg and investigating on

their own with teachers as facilitators.
Conclusion of studies on metacognitive strategiesin problem solving

There are numerous studies on metacognition imebent years. Most
of these studies confirm that metacognition is eessary pre-requisite for
meaningful learning and conceptual understandirep€C& Gunstone, 2002;
Peters & Kitsantas, 2010; Thomas, 2013; Yuruk, Be&tAnderson, 2009),
developing creativity (Hargrove, 2013; Hargrove &effeld, 2014; Magno,
2010), and problem solving (Demircioglu, Argun, &lBt, 2010; Jacobse &
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Harskamp, 2012; Lubin & Ge, 2012). Though thereweny few studies that
argue metacognition does not have effect on legr(@emircioglu, Argu, &

Bulut, 2010; Meijer, Veenman, & van Hout-Wolte?2§12).

Most studies on the effect of metacognitive tmagnion problem
solving are in the domain of mathematics (Jacobsada&skamp, 2009;
Ozsoy, 2011; Schneider & Artelt, 2010). Studies tre effect of
metacognition on physics problem solving are rhrehis situation an urge to
investigate whether metacognitive strategies erdastadents’ abilities to
solve analogical and novel problems in physicg] k& researcher to develop
an instructional strategy following the steps oftawegnitive strategies for
problem solving. The new instructional strategy developed was named
Metacognitive Strategy Instruction, as it expligithstructs the steps/ strategy

for solving physics problems.

A major challenge in the studies on metacogniseems to be the
assessment of metacognitive skills among learieesearchers widely use
two methods to assess metacognitive skills/ amitThey are self-report
guestionnaires (Downing, Kwong, Chan, Lam, & Dowgir2009; Magno,
2010; Ozsoy, 2011; Taasoobshirazi &Farley, 20139, think-aloud protocols
( Demircioglu, Argun, & Bulut, 2010; Meijer, Veenma & van Hout-
Woulters, 2006; Teong, 2003). Self-report questknas are easy to
administer, but less valid, while think-aloud pratts are proven valid, but
can be administered and objectively evaluated drtlye sample size is very
small. Researchers (Jacobse & Harskamp, 2012) dpisdetter to develop

performance based instruments to assess metasegskills or strategy use.

Review of studies related to metacognition paldidy in India reveals

that metacognition is a recent topic in Indian ediomal research. Some
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studies compared the level of metacognition in etisl of different

educational levels ( Jadav, 2011; Minikutty & AlRédbas, 2011; Parvathi &
Mohaideen, 2011) and found that students of hitgheals of education higher
levels of metacognition. Some Indian studies ingestd the effect of
metacognitive strategies on achievement ( Gafodgh&areeja, 2012; Priya,
2013; Rajkumar, 2010; Visakh Kumar, 2010) and temrtcompetencies
(Amutha, 2010; Parameswari, 2011; Parvathi & Mobeard 2011). All such

studies are equivocal in proclaiming the necedsitgnhance metacognitive

skills among students.

In the present study investigator assess the ofismetacognitive
strategy by students using a performance test pregenting a problem,

planning to solve the problem, implementing plarg avaluating solution.

Studies on Collaborative Problem Solving in Teaching-Learning

Environments

Collaborative group discussions are widely practioe present day
classrooms. This technique seems to have multddceffects on students’
cognitive skills while accompanying various insttanal strategies.
Therefore, this section attempts to open up theipilises of collaborative
group discussions and peer interaction and itsceffa problem solving. A
number of studies on collaboration and peer intemadn the period 1992-

2014 are reported in descending chronological ard#ris section.

Gok (2014) examined the effect of strategic probsolving with peer
instruction on college students’ performance ingits. The students enrolled
in two sections of the physics course were stud@de section was the
treatment group and the other section was the @ogtoup. Students in the

treatment group received peer instruction with esysttic problem solving
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strategies whereas students in the control grougeived only peer
instruction. Data were collected on physics achmesmt, problem-solving
strategies, home-work problems and students’ opsgabout the instruction.
Results indicated that the treatment group studehtsme-work and
achievement test performance as well as their W¥mog, solving and
checking habits improved relative to the comparigooup students, which
did not change noticeably. Treatment group studexte changed their
perspective on solving a problem and found the otetielpful to connect the

guantitative solution with concepts.

Jordan and McDaniel (2014) investigated how irtigoas with peers
influenced the ways students managed uncertaintynglucollaborative
problem solving in a fifth grade class. The anaysicused on peer responses
to individuals’ responses to individuals’ attempismanage uncertainty they
experienced while they engaged in collaborativereffto design, built and
program robots and achieve assignment objectivat$erAs of peer response
were established through the discourse analysisrdive teams engaged in
two collaborative projects. Three socially supp@tpeer responses and two
unsupportive peer responses were identified. Reeraiction was influential
because students relied on supportive social regptmenact most of their
uncertainty management strategies. Research segdgesinceptualizing
collaborative problem solving as a process of nagjoy uncertainties can
help instructional designers shape task and relaticontexts to facilitate

learning.

Kim and Tan (2013) explored and documented stsdesgponses to
opportunities for collective knowledge building arallaboration process in a

problem solving process within complex environménthallenges and
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pressing issues with various dimensions of knowdealgd skills. 14 year old
middle school students (n=16) and 17 year old lsigiool students (n=16)
from two Singapore public institutions participatéd an environmental
science field study to experience knowledge intégmaand a decision
making process. Students worked on six researcicstdp understand the
characteristics of an organic farm and plan fotdig an ecological village.
Students collected and analyzed data from the &atilshared their findings.
Their field works and discussions were video reedrdand their reflective
notes and final reports were collected for datargp@nd interpretation. The
results revealed that throughout the study, stsderperienced the need for
development of integrated knowledge, encountered ¢hmallenges of
knowledge sharing and communication during theiltaboration, learned
how to cope with difficulties and developed mutuelationships such as

respect and care for others knowledge and learning.

Zou and Mickleborough (2013) designed a courseengineering
grand challenges to promote collaborative problemisg (CPS) skills. The
unique component of the design was the studenéx] tee work both within
their own team and then collaborate with the otkams to tackle engineering
challenges. It was found that the course facilitatevelopment in CPS skills
and the process in which two teams develop argwsmantl integrate the
initial ideas to generate a final solution is aical component. Researchers
argue that appropriate scaffolding, explicit tragiand constant feedback on

collaborative processes are important for the slellelopment.

Gok (2012) assessed students’ conceptual leawfirgectricity and
magnetism and how these conceptions, beliefs giloidics, and quantitative

problem solving skills would change after peer rimsion (Pl). The
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Conceptual Survey of Electricity and Magnetism (@§Eand Colorado
Learning Attitudes about Science Survey (CLASS)ensmtministered as a pre
and post test with Solomon 4 group design to stisd@%=138) enrolled on
freshman level physics course. 14 chapters werghtato students. The
analysis of CSEM showed that the treatment grougaioed significantly
higher conceptual learning gain than the contraugr The conceptual
understanding and problem solving skills of thedstits on magnetism were
considerably enhanced when Pl was conducted. CLASSIts for 5
subscales (conceptual understanding, applied ctuslepunderstanding,
problem solving general, problem solving confidenaed problem solving

sophistication) supported the findings of CSEM.

Nokes-Malach, Meade, and Marrow (2012) conductecgeriment
to find the effect of expertise on collaborativeolem solving. In the
experiment participants with different levels ofistion expertise, experts
(flight instructors), novices (student pilots), amah-pilots read flight problem
scenarios of varying complexity and had to identifg problem and generate
a solution with either another participant of tteme level of expertise or
alone. The non-pilots showed collaborative inhdmti on problem
identification in which dyads performed worse ttihair identified potential
for both simple and complex scenarios, whereascesvand experts did not.
On solution generation non-pilots and novices peréa at their predicted
potential with no collaborative inhibition on eithesimple or complex
scenarios. While experts showed collaborative ggesforming above their
predicted potential. Researchers concluded thalalmwiative success is
achieved only when there is ‘zone of proximal figmilon’ in which the
dyads’ prior knowledge and experience enable thenbenefit from both

knowledge-based problem solving processes (elaboraéxplanation and
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error correction) and collaborative skills (cregtincommon ground,

maintaining joint attention to the task, etc.).

Siegel (2012) generated a framework for concejzingl
metacognition in groups by describing likely coments of group
metacognition. The framework was based on a stuhducted among a
group of five pre-service teachers engaged in prabbased learning. Data
was collected by videotaping the group and fatditaduring PBL sessions
and also by examining the groups’ final paper. reteon analysis of the
group discussions revealed that there are threepaoemts of the group
metacognition that helped the group members shleenstructional redesign
problem: meta-social awareness about other membgpErtise, monitoring

of understanding, and monitoring of process.

Pazos, Micari, and Light (2010) conducted a muitiased research
study to describe the development of an observatismument that can be
used to assess peer-led group learning based tassification system for
peer-led learning groups. The instrument was ueealssess peer-led group
learning, based on a classification system for jembiearning groups. The
instrument was used to evaluate small learning ggoon two important
aspects of group learning, i.e., problem solvind grmoup interaction style.
The study provided evidence for the factor struetaf the two dimensions
using both exploratory and confirmatory factor gsel. It also provided
information about the reliability of two scales terms of Cronbach’s alpha
coefficient. Data from a large peer-led programnas wsed to conduct the
factor analysis. Results from the factor analysisficmed that the instrument

was actually measuring problem solving approachgaodp interaction style.
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Researchers argue that the instrument may be apgealfaculty members

and those running small group learning programmes.

Merrill and Gilbert (2008) suggested that the meiective form of
peer interactions in learning communities is fas tinteraction to take place
in the context of a progression of real world pewvbt were learners are
engaged in sharing experience early in the sequea® engaged in
discussing and demonstrating cases to each otharsatond stage in the
sequence, are engaged in collaborative problem ingplvafter the
demonstration phase, and are involved in peegaetiand collaborative
problem extension later in the process. They alggest that a progression in
the real world problems provides the structure kearners to develop
appropriate mental models for solving the problamd that engaging in peer
interactions enable learners to tune their mentadefs to accommodate the
variety of processes and solutions that may beogpate for solving a given

class of problems.

Enghag, Gustafsson, and Jonsson (2007) made @gapth-analysis of
one group of four students, video-recorded overr8tutes solving a context
rich problem (CRP) to study how students’ expemsndevelop in to physics
reasoning. The analysis revealed how the studesdd axploratory talks to
reach consensus about the boundary conditionseabgk, how students state
the problem more precisely by starting to talk @bexperiences they have
had and use their experiences as arguments, anahdoxdual questions are
formulated in a process of meaning making. Reseascleoncluded that
students’ personal everyday life experiences d@geinto physics reasoning

during group talk and they argue that more timeukhdbe allotted in the
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physics classroom to solve open-ended physics e@mublwhich promote

group discussions to enhance understanding physics.

Hausmann, Sande, and VanLehn (2007) conductedxpariment
among undergraduates where they compared indiadaradl pairs learning
from state-of-the-art instruction. They found thhe dyads solve more
physics problems and request fewer hints while isglvproblems than
individuals. They also discovered a new form off-segplanation, where
students generated explanations to account fodifferences between their

solutions and the instructor’s.

Harskamp and Ding (2006) compared structured locotktive learning
with individual learning environments with Schoddfs problem-solving
episodes. 99 students from a secondary schoolandbtai participated in the
study. They took a pre-test and post-test and haapportunity to solve six
physics problems. Students who learned to solvesipiyproblems in
collaboration and students who learnt to solve el individually with
hints improved their problem solving skills comphte those who learnt to
solve problems individually without hints. Howewire researchers did not
find an extra effect for students working collakiway with hints; although
they observed that students working collaborativelsre more structured

than students in the other group.

Yetter, Gutkin, Saunders, Galloway, Sobanskey Smag (2006) used
an experimental design to compare the effectivenessunstructured
collaborative practice with individual practice anhievement on a complex
well-structured problem solving task. Participamsluded post-secondary
students (N=257) from a liberal arts college segvimimarily nontraditional

students and from two state universities. Threesodthped instructional
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procedures were used, including lessons on inttodyiset theory, a problem
solving heuristic, and problem solving modelingrtiegpants also engaged in
active practice. Analysis of variance received siggnt main effects for

treatment condition. Students who practiced indigity out-performed those

who practiced collaboratively.

Fawcett and Garton (2005) investigated the eftd#ctollaborative
learning on children’s problem solving ability am¢hether differences in
knowledge status or the use of explanatory langwagecontributing factors.
100 grade 2 children aged between 6 and 7 years $ahools in high socio-
economic areas participated in the study. During éixperimental phase,
children completed a card sorting activity eithadividually or in same-
gender dyads. The dyads consisted of same or ehiffexbility children who
operated under either a ‘talk’ or ‘no talk’ conditi Researchers found that
children who collaborated collectively obtainedigngicantly higher number
of correct sorts than children who worked indiviliygaResults also indicated
that only those children of lower sorting abilityhavcollaborated with higher
sorting ability peers showed a significant improesmin sorting ability from

pre-test scores.

Hock and Seegers (2005) investigated the effettsmstruction on
verbal interactions during collaborative problenvew. Data were collected
from vocational education students while they wdrkellaboratively on
open-ended mathematics problems. An experiment wnaertaken in two
classes in different schools. Two groups of stuslevdre videotaped while
they tried to solve mathematics problem collabuedyi. Analysis of data
showed that in both groups, collaboration orienpattern increased during

the school year. It is argued that the approacraflual implementation of
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instructional activities that are designed in coapen with participating

teachers is effective in stimulating collaboratpreblem solving.

Ge and Land (2003) examined the effects of quegiiompts and peer
interactions in scaffolding undergraduate studgmtsblem solving processes
in an ill-structured task in problem representaticieveloping solutions,
making justifications and monitoring and evaluatiige quasi-experimental
study supplemented by multiple case studies inyat&d both the outcomes
and the processes of student problem solving peegonce. The quantitative
out comes revealed that question prompts havefsignily positive effects
on student problem solving performance but peeractions did not show
significant effects. However, the qualitative fings did indicate some
positive effects of peer interactions in facilitafi cognitive thinking and
metacognitive skills. Researchers suggested tleapéer interaction process
itself must be guided and monitored with varioustsigies to maximize its

benefits.

Kramarski and Mevarech (2003) found students @p#ting in
cooperative group work expressed their mathemagjaalip work expressed
their mathematical ideas in writing more ably thdid those who worked

alone.

Barron (2000) investigated interactive processesray group partners
and the relationship of these processes to prokEmnag out comes in two
contrasting groups. In one group correct proposal® generated, confirmed,
documented and reflected upon. In the other grdwgy twere generated,
rejected without rationale, and for the most peitt indocumented. The study
identified two major contrastive dimensions in groimteraction viz., the

mutuality of exchanges, the achievement of joitentional engagement, and
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the alignment of group members’ goals for the probkolving processes. A
focus on group level characteristics offers a didive strategy for examining
small group learning and paves the way to undedstgnreasons for

variability of outcomes in collaborative ventures.

Tao (1999) investigated whether and how peer lcotktion facilitated
students’ problem solving in physics. A qualitatiyghysics test was
administered to two grade six classes with halthef students in each class
randomly assigned to take the test individually #rel other half to work in
dyads. The abilities of the individuals and dyadsevmatched such that there
was no significant difference between their physigamination grades. The
test results showed that dyads performed better i individuals on each
problem and the test as a whole. The rich collab@aalks of the dyads
showed that peer collaboration provided studenth wkperiences of co-
construction and conflict that was conducive tocgssful problem solving.
Researchers further claimed that students’ sucoesgroblem solving
depended not so much on their ability but on hosy timteracted and whether

and how they invoked the relevant physics pringaled strategies.

Heller, Keith, and Anderson (1992) conducted ameexnent to
investigate the effects of cooperative group lesgnon a problem solving
performance of college students in a large introalycphysics course. An
explicit problem solving strategy was taught in tbeurse, and students
practiced using the strategy to solve problems ixediability cooperative
groups. Researchers developed a technique to éxastadents’ problem
solving performance and determine the difficultycohtext-rich problems. It

was found that better problem solutions emergedutiin collaboration than
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were achieved by individuals working alone. Thetringtional approach

improved the problem solving performance of stusi@ntall ability levels.

Conclusion on studies on collaborative problem solving in teaching-

lear ning environments

Over the last decades, much research on peeractiter during
problem solving has been conducted. Quantitativpermental designs
focusing on cause and effect dominate. There argyraaong exponents of
collaborative group work and peer interaction whguas that it is necessary
to accomplish successful problem solving (Gok, 20méller, Keith, &
Anderson, 1992; Merrill & Gilbert, 2008; Zou & Mitborough, 2013).
There are a few (Tao, 1999) who even held peeraaten above individual
ability in solving problems. However, there are sorasearchers who argue
that peer interaction as such do not have an effieat on students’ problem
solving (Ge, & Land, 2003; Harskamp & Ding, 200Bhey advocate that
peer interaction itself should be monitored withest strategies to facilitate
problem solving. There are very few studies thatneadvocate individual
problem solving as better than collaboration (Mett€utkin, Saunders,
Galloway, Sobansky, & Song, 2006)

Under these circumstances of contradicting viewshe role of peer
interaction on problem solving skill acquisitiometresearcher is tempted to
investigate whether peer interaction during ingtounc using the newly
developed strategy for enhancing problem solving., vMetacognitive
Strategy Instruction, would enhance analogical aoxel problem solving in

physics over Metacognitive Instruction in the aleseaf peer interaction.
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Studies on the Nature of Knowledge Domain needed for Problem solving

and therole of concept mapsin learning, teaching and problem solving

Conceptual knowledge in the subject domain is aes&ary pre-
requisite for solving problems. The way this knadge is presented by the
teacher and internalized by the students are alswat. Therefore this section
is devoted to the exploration of concept maps dmar tpossibilities in
teaching, learning, and problem solving. A few ssdon the nature of
knowledge needed for problem solving and the rdlecancept maps in
teaching, learning and problem solving from 19832Qare reported in

descending chronological order in this section.

Gafoor and Shareeja (2011) validated concept mapps a tool to
assess understanding of physics concepts. The wtasigonducted among 95
physical science student teachers from five differéeacher-training
institutions in Kerala, India. The feedback obtaifem participants on their
experience with concept mapping revealed thatiiicept maps are used, the
very process of evaluation can be informative, ginmga and reinforcing. The
investigators propose that both teachers and teaclyeators can use concept

mapping for re-enforcing knowledge and as an ass&sstool.

Daley and Torre (2010) reviewed 35 studies onuke of concept
maps in medical education. They found that conoegps function in four
main ways: (1) by promoting meaningful learning) (2y providing an
additional resource for learning; (3) by providingstructors to providing
feedback to students and (4) by conducting assedsofelearning and

performance.

Gonzalez, Palencia, Umana, and Galindo (2008) dotiat using

concept maps in problem solving had the most impacttudents who came
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in to the study with the lowest cognitive competngthis indicates that
concept mapping represents a method by which teactan help students

who are struggling to learn and perform.

Morse and Jutras (2008) conducted a study wherdests in cell
biology course were divided in to three groups. Tobeatrol group did not
construct concept maps, the second group constrmetgs individually, and
the third group constructed maps individually ahdnt discussed them in
teams that provided both peer and instructor fegdb@he study indicated
that concept maps without feedback had no sigmficsffect on student
performance, whereas concept maps with feedbacttupeal a measurable
increase in student problem solving performance ardkcrease in failure

rates.

Torre, Daley, Stark-Schweitzer, Siddartha, Petkava Ziebert (2007)
reported that the concept maps allowed for cragtivh students by
developing a system of thinking that included patteecognition, the ability

to think broadly on topics, and it also allowed kaowledge integration.

Friege and Lind (2006) reported that conceptuabvkaedge and
problem scheme knowledge including situational pratedural knowledge
are excellent predictors of problem solving perfance. They also reported
that conceptual knowledge is typical of low achmven problem solving

whereas problem scheme knowledge is predominaség by high achievers.

Lavigne (2005) conducted a case study that exairtime validity of a
particular measure of representation and employedtiple measures to
examine whether they provide mutually informativeralependent pieces of
information. Those measures included (1) concegiss;mahich measure how

individuals represent their content knowledge adaanain as a whole; (2)
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problem sorts, which measure how individuals regmes specific aspect of
their knowledge on word problems; and (3) struatuneterviews, which
identify the reasons underlying sorting and conamppping performance.
Data from instructors showed that the sorting tasls a useful measure of
representation when supplemented with instructesglanations of their
rationales. Concept maps assisted in the intetmetaf performance on the
sorting task. Concept maps and problem sorts wariatly informative,
with concept maps providing a broader picture arublem sorts illustrating

how particular concepts became salient when apphi@ddifferent context.

Laight (2004) designed a study to explore studeattgude towards
concept maps as an additional learning resour@pfpared concept maps
where integrated in to traditional instruction nueth. Later questionnaires
were used that asked whether the concept mapsusefal and allowed for
other comments. A significant majority of studergported that pre-prepared
concept maps were useful for their learning. Stiglexiso reported being
motivated to think more deeply and noted that &wned in understanding of
conceptual inter-relationships. Therefore, Laighmauded that pre-prepared
concept maps may offer alternative and innovatiaching and learning

opportunities and methods in large classes.

Canas, Coffey, Carnot, Felvotich, Hoffman, Felobyi and Novak
(2003) opined that as a resource for learning qane®ps allow students to
demonstrate their mastery of the concepts assdamth a particular body of
knowledge. They also opined that concept mappiradseative activity that

fosters reflection on one’s own understanding.

Longo, Anderson, and Wicht (2002) tested the atiyc of a new
generation of knowledge representation and metatbogearning strategies
called visual thinking networking (VTN). Studentshev used the VTN

strategies had a significantly higher mean gainmescm the problem solving
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criterion test items than students who used théngristrategy for learning

science.

Lee, Tang, Goh, and Chia (2001) investigated ffecieof cognitive
variables viz., concept relatedness, idea assogjasind problem translating
skill in solving problems from different topics amevels. They found that
successful problem solving depends on adequateslataon of problem

statement and relevant linkage between problerarait and knowledge.

Jonassen (2000), and O’Neil and Schacter (1999jesi that success
in problem solving depends on a combination ofrgrdomain knowledge,

knowledge of problem solving strategies, and atirtal components.

Edmondson and Smith (1998) performed a qualitasuady that
analyzed students’ responses to the integratiaroo€ept maps as a teaching
and learning tool. Almost half of the students agdré¢hat creating a concept
map was an effective learning device. As a teachmeghod concept map
provided the teacher with the understanding ofstinelents’ errors, and thus
allowing the teacher to provide feedback and glafibth content and

performance.

Pinto and Zeitz (1997) opined that concept maps tacilitate
students’ understanding of the organization anegirdtion of important

concepts.

Lee (1985) and Lee, Goh, China, and Chin (1996&)wsh that
successful problem solving is related to cognitivariables viz., prior
knowledge, concept relatedness i.e., relatednesgebr concepts that are
involved in problem solving, idea association ite ability to associate
ideas, concepts, words, diagrams or equations ghrtle use of cues in the

statements of the problem, problem translatingl slel, the capacity to
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comprehend, analyze, interpret and define a giveblgm, and prior problem

experience i.e., prior experience in solving simgeoblems.

Schkade and Kleinmuntz (1994) opined that alslitie acquiring
information is strongly influenced by organizatiohinformation, and skill in
combining and evaluating information strongly imfhced by the form of
representation. They concluded that the way inftionais externally
represented impacts decision making and the easarofing out decision

making operations.

Ferguson-Hessler and de Jong (1990) collectednrd#ton on study
processes between students who are good problemrsa@nd students who
are not. They found that good and poor performeds it differ in the
number of study processes employed, but they difféhe type of processes
used. They also found that poor performers pay ratiention to declarative
knowledge whereas good performers pay more attertioprocedural and

situational knowledge.

Palumbo (1990) opined that problem solving is @asional and
context-bound process that depends on the deegitsea of knowledge and

experience.

Camacho and Good (1989) studied the differencienway experts
and novices solve problems. Successful solversepercthe problem by
careful analysis and reasoning of the task. They retated principles and
concepts to justify their answers, frequent chemksonsistency of answers
and reason and use better quality of procedural sarategic knowledge.

Unsuccessful subjects exhibit many knowledge gagsw@isconceptions.

Gorden and Gill (1989) conducted a study on then&tion and use of
knowledge structure in problem solving domains. yTteund that well

integrated domain knowledge is essential to proldehasing. They assumed
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that learner developed graphs are reflective ahkya’ underlying cognitive
structure. They compared the graphs developed émndes and those by
experts and concluded that the similarity of leeshgraphs to those of
experts are highly predictive of total problem sojyvscore (accounting for

over 80% of the variance) as well as specific probsolving activities.

de Jong and Fergurson- Hessler (1986) found tloat problem
solvers organized their knowledge in a superficr@nner, whereas good
problem solvers had their knowledge organized abogr to problem
schemata containing all the knowledge types lileelatative, procedural and

situational knowledge required for solving a certigppe of problem.

Novak and Gowin (1984) opined that a major purposeconcept
mapping is to foster the development of shared megametween the
instructor and the student. As instructors andesttgldiscuss, think about and
revise concept maps, their learning and shared imgamaking processes
deepen. They demonstrated how the discussion afepbrmaps in groups
combined with feedback on the maps provided by itigtructor, foster

students’ learning and performance.

Beyer (1984) and DeBono (1983) found that mastérgeneralized
problem skills did not differentiate well betweewnogl and poor problem
solvers, and they concluded that knowledge of canias the most crucial

feature of problem solving.

Review of literature reveal that concept mapseiotie development
of meaningful learning, critical thinking and prebt solving in the learner
(Abel & Freeze, 2006; Daley, Shaw, Balistrieri, &daapp, & Piacentine,
1999; Ertmer & Nour, 2007; Hinck, Webb, Sims-Giddételton, Hope,
Utley, Savinske, Fahey, & Yarbyough, 2006;
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Hsu, &Hsieh, 2005;Kinchin, Cobot, &Hag008;Rendas, Fonseca, &
Pinto, 2006; Wilgis & McConnell, 2008Concept maps are also identified as a

valid tool for assessing students’ knowledge orgaton. They seem to aid learning

better if students themselves construct the map.

In the present study teacher developed conceps ara@pused as instructional
aides to provide a holistic view of the domain ktexge required for solving
problems. Teacher constructs the map as the cancep introduced and

relationships explained during lessons.
Conclusion

Research related to problem solving focused oeethmajor aspects
namely, comparison of problem solving behavior etfhces among expert
and novice problem solvers, what contribute todbeelopment of problem
solving skills, and teaching problem solving stgéds in order to make the

novices become expert problem solvers.

The earliest one of these is the comparison ofblpro solving
behavior differences among expert and novice prmoblsolvers (Chi,
Feltovich, & Glaser, 1981; de Jong & Ferguson-Hasd1986; Dhillon, 1998;
Larkin, McDermott, Simon, & Simon, 1980; PriestL&dsay, 1992; Reif, &
Heller, 1982; Veldhuis, 1990; Zajchowski & Martibh993). Investigations on
the strategy use of the expert and novice problelwess reveal that, experts
have a tendency of first analyzing the problem itatalely by depending of
the fundamental physics concepts before startirgpbee the problems using
equations. Whereas novices usually starts to stive problems using
mathematical equations, substituting the given aldeis, and then
investigating other equations where they can swibstthe other quantitative
variables. Expert problem solvers usually procdadugh four phases of
analysis when they are faced with a challengingntiizive problem like,

conceptual analysis or exploring the problem, sgit analysis or planning
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for a solution procedure, quantitative analysisngplementing the plan and
meta-analysis or reflecting and checking the sotutiln typical problem
solving instruction, only quantitative analysisagplicitly modeled for the
students, leaving them to develop other skillstairtown (Gerace & Beatty,
2005).

Later studies that concentrated on what factondributed to problem
solving skills (Robertson, 1990) suggest that tyeetof knowledge viz.,
conceptual declarative knowledge, structural kndgéeand problem scheme
knowledge contribute significantly to problem salyiskills (Friege & Lind,
2006). Researchers also emphasis the role of aiggnknowledge and
finding the relationship between concepts to malesrt better utilized during
problem solving (Beyer, 1984; de Jong & Fergusossgts, 1986; DeBono,
1983; Ferguson-Hessler &de Jong, 1990; Gorden &, ®&989; Jonassen,
2000; Lee, 1985; Lee, Goh, China, &Chin, 1996; Lmngnderson &Wicht,
2002; O’Neil &Schacter, 1999; Palumbo, 1990; Sclekad Kleinmuntz,
1994). Research identifies use of concept map$ apamethod to organize
knowledge and express the relationship betweenegisclt is an accepted
method of teaching and learning (Abel & Freeze, &00Daley, Shaw,
Balistrieri, Glasenapp, & Piacentine, 1999; Ertn8emMour, 2007; Hinck,
Webb, Sims-Gidden, Helton, Hope, Utley, Savinskahdy, & Yarbyough,
2006). In addition to type of knowledge, other tastlike working memory,
familiarity, epistemic beliefs etc... also seem tduence problem solving.
The most important of these is metacognition. Ma@sgarchers conclude that
the use of metacognitive strategies like plannegcuting (implementing),
and Checking (evaluating) establish problem solviaglities (Artz &
Armour-Thomas, 1992; Brown, Bransford, Ferrara, &ntpione, 19883;
Horak, 1990; Kramarski & Mevarech, 2003; Muis, 2004uis, Gina, &
Franco, 2010; Otero, Campanario, & Hopkins, 1992; )
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Recent researches on problem solving in physiegdaected towards
teaching problem solving strategies in order to en#tke novices become
expert problem solvers (Foster, 2000; Heller, Kei€h Anderson, 1992;
Huffman, 1997; Larkin & Reif, 1979; Mestre, Dufresiserace, Hardiman, &
Touger, 1993; Selcuk & Caliskan, 2008; van Weel®82). Explicit problem
solving instruction directly teaches students haw use more advanced
techniques for solving problems. Review of literatturther reveals that four
important factors need special consideration whkructing strategies to
develop problem solving skills viz., well organizesncept knowledge,
proper representation of problem, practice of negative strategies, and
peer interaction. In addition to these factors eniristudies investigate the use

of cognitive tools in computer settings during pesb solving.

Earlier studies on developing problem solvingIskih science were
conducted mainly among young children. Later s&idia problem solving
were extended to high school children (Ding & Harslp, 2006; Gaigher,
Rogan, & Braun, 2007; Pathak, Kim, Jacobson, &Zha@@11l; Pol,
Harskamp, Suhre, & Geodhart, 2008). Current stuoiredeveloping problem
solving abilities in physics are done in enginegriiBacerra-Labra, Gras-
Marti, & Torregrosa, 2012; Hong, Chen, Wong, Hswehag, 2012) and
university undergraduates (Berge & Danielsson, 20M2llingsaeter &
Bungum, 2014; Stadler & Garcia, 2013; Stadler & c&gr2013; Uhden,
Karam, Pietrocola, & Pospiech, 2012).

Review of studies related to problem solving patarly in India
reveal that most of such studies concentrated wdinfy relation between
problem solving ability and various cognitive angyghological variables
(Dutt, 1989; Gill, 1990; Kumari, 1991; SumangalaR8nsa, 2012; Sumathy,
1994; ). Some studies have explored the posséslitif enhancing problem

solving skills using existing techniques of teaghwmithout complete success
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(Banerji, 1987; Jain, 1982; Manoj Praveen, 2008).this scenario the
investigator feels the necessity to develop anructibnal strategy that
focuses on the enhancement of problem solving sskalhd explore its

effectiveness.

There are numerous studies on metacognition imebent years. Most
of these studies confirm that metacognition is eessary pre-requisite for
meaningful learning and conceptual understandirep€C& Gunstone, 2002;
Peters & Kitsantas, 2010; Thomas, 2013; Yuruk, Be&tAnderson, 2009),
developing creativity (Hargrove & Nietfeld, 2014 akgrove, 2013; Magno,
2010), and problem solving (Demircioglu, Argun, &lBt, 2010; Jacobse &
Harskamp, 2012; Lubin & Ge, 2012). Though therewey few studies that
argue metacognition does not have effect on legrqidemircioglu, Argu, &
Bulut, 2010; Meijer, Veenman, & van Hout-Wolte2§12;).

Most studies on the effect of metacognitive tmagnion problem
solving are in the domain of mathematics (Jacobsdda&skamp, 2009;
Ozsoy, 2011; Schneider & Artelt, 2010). Studies tre effect of
metacognition on physics problem solving are rhrehis situation an urge to
investigate whether metacognitive strategies erdastadents’ abilities to
solve analogical and novel problems in physicg] k& researcher to develop
an instructional strategy following the steps oftawegnitive strategies for
problem solving. The new instructional strategy developed by the
investigators was named Metacognitive Strategyriiotibn, as it explicitly

instructs the steps/ strategy for solving physicblems.

Review of studies related to metacognition paldidy in India reveals
that metacognition is a recent topic in Indian ediomal research. Some
studies compared the level of metacognition in ewisl of different
educational levels (Jadav, 2011; Minikutty & AlkdBas, 2011; Parvathi &
Mohaideen, 2011) and found that students of hitghaals of education higher



134 METACOGNITIVE STRATEGY INSTRUCTION ON PHYSICS PROBLEM S®ING

levels of metacognition. Some Indian studies ingestd the effect of
metacognitive strategies on achievement (Gafoorhar&eja, 2012; Priya,
2013; Rajkumar, 2010; Visakh Kumar, 2010) and tearlcompetencies
(Amutha, 2010; Parameswari, 2011; Parvathi & Mobkaigd 2011). All such
studies are equivocal in proclaiming the necedsitgnhance metacognitive

skills among students.

A major challenge in the studies on metacogniseems to be the
assessment of metacognitive skills among learieesearchers widely use
two methods to assess metacognitive skills/ amitThey are self-report
guestionnaires (Downing, Kwong, Chan, Lam, & Dovghir2009; Magno,
2010; Ozsoy, 2011; Taasoobshirazi &Farley, 2013, think-aloud protocols
(Demircioglu, Argun, & Bulut, 2010; Meijer, Veenmar& van Hout-
Woulters, 2006; Teong, 2003). Self-report questknas are easy to
administer, but less valid, while think-aloud pratts are proven valid, but
can be administered and objectively evaluated drtlye sample size is very
small. Researchers (Jacobse & Harskamp, 2012) dpisdetter to develop

performance based instruments to assess metasegskills or strategy use.

In the present study investigator assess the disemabacognitive
strategy by students using a performance test pregenting a problem,

planning to solve the problem, implementing plarg avaluating solution.

Over the last decades, much research on peeracdtitar during
problem solving has been conducted. Quantitativpeemental designs
focusing on cause and effect dominate. There argyraaong exponents of
collaborative group work and peer interaction whguas that it is necessary
to accomplish successful problem solving (Gok, 20méller, Keith, &
Anderson, 1992; Merrill & Gilbert, 2008; Zou & Miteborough, 2013).
There are a few (Tao, 1999) who even held peeraaten above individual

ability in solving problems. However, there are sorasearchers who argue
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that peer interaction as such do not have an effieat on students’ problem
solving (Ge, & Land, 2003; Harskamp & Ding, 2008hey advocate that
peer interaction itself should be monitored witheost strategies to facilitate
problem solving. There are very few studies thatnemdvocate individual
problem solving as better than collaboration (Yett&utkin, Saunders,
Galloway, Sobansky, & Song, 2006)

Under these circumstances of contradicting viewshe role of peer
interaction on problem solving skill acquisitiometresearcher is tempted to
investigate whether peer interaction during ingtounc using the newly
developed strategy for enhancing problem solving.,., vMetacognitive
Strategy Instruction, would enhance analogical aoxel problem solving in

physics over Metacognitive Instruction in the aleseaf peer interaction.

Review of literature also reveals that concept sndpster the
development of meaningful learning, critical thimgiand problem solving in
the learner (Abel & Freeze, 2006; Daley, Shaw, ®adéri, Glasenapp, &
Piacentine, 1999; Ertmer & Nour, 2007; Hinck, WeBbns-Gidden, Helton,
Hope, Utley, Savinske, Fahey, & Yarbyough, 2006uH&Hsieh, 2005;
Kinchin, Cobot, &Hay, 2008; Rendas, Fonseca, & ®ir2006; Wilgis &
McConnell, 2008). Concept maps are also identifesda valid tool for
assessing students’ knowledge organization. Thegnde aid learning better

if students themselves construct the map.

In the present study teacher developed concepts nap used as
instructional aides to provide a holistic view dfetdomain knowledge
required for solving problems. Teacher construm¢smap as the concepts are

introduced and relationships explained during lesso

Informed by the review of literature, the inveatigrs of the present

study, Gafoor & Shareeja (2012) developed a metatiog strategy



136 METACOGNITIVE STRATEGY INSTRUCTION ON PHYSICS PROBLEM S®ING

instruction for enhancing problem solving skillsphysics that incorporated
the ideas of organizing knowledge through concepipsn diagrammatic
representation of problem, and use of metacogngiretegies/ skills. A pilot
study was conducted to find the effect of this nedéveloped Metacognitive
Strategy Instruction on solving problems in NewgmMechanics. The study
employed a pre-test post-test control group gqugseemental design on two
intact groups of 21 students each of grade 11 feomocational higher
secondary school. The groups were matched basedthen pre-test.
Investigators found Metacognitive Strategy Instiutt effective and

significantly contributing to problem solving.

After the pilot study, the researchers felt the instructional strategy
could be better if they incorporated analogicabpems for the students to try
out after each problem. This is also supportedthgroresearches in problem
solving (Atkinson, Derry, Renkl, & Wortham, 2000;atlsmann, Sande, &
Vanheln, 2007).

Inspired by the review of literature and pilotduthe investigators of
the present study modified the metacognitive ggratenstruction for
enhancing problem solving skills in physics thatorporated the ideas of
organizing knowledge through concept maps, diagratecnepresentation of
problem, and use of metacognitive strategies/ sskdhd provision for
analogical problem solving. Students of grade ltewestructed using this
new strategy to solve problems from Newtonian mewsa The effect of the
strategy was then explored in a classroom fagiiggpeer interaction and that
which does not encourage peer interaction. Theeffiethe newly developed
strategy on enhancing analogical problems (problemsar to those solved
in the classroom and from the same content donaaid)the transfer of skills
in problem solving to other areas of physics aneestigated. Results are

analyzed and suggestions made.
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The objective of this study was to develop and ttesteffectiveness of
an instructional strategy to foster problem solvsiglls in physics among
higher secondary school students. The first parthef objective required
development of an Instructional Strategy to EnhaRreblem Solving.
Second aspect of the objective is to test the effEwess of the instructional
strategy to foster problem solving skills in phgsid@his part of the study is

designed to answer the following research questions

1. Can Metacognitive  Strategy Instruction [Peer Intéra
Metacognitive Strategy (PIMS) Instruction and Metgaitive Strategy
(MS) Instruction] significantly improve Analogic&roblem Solving
ability in Physics among Higher Secondary Schoat&nts? If so, can
Peer Interacting Metacognitive Strategy Instruttievelop analogical

problem solving ability better than Metacognitivieafegy Instruction?

2. Can Metacognitive  Strategy Instruction [Peer Intérm
Metacognitive Strategy (PIMS) Instruction and Metgaitive Strategy
(MS) Instruction] significantly improve Problem Swolg Skills in
Physics among Higher Secondary School Students®p ifan Peer
Interacting Metacognitive Strategy Instruction depe problem
solving skills in physics better than MetacognitivBtrategy

Instruction?

3. Can Peer Interaction [Peer Interacting Metacogmitirategy (PIMS)
Instruction] significantly improve the Use of Metamitive Strategies
in Problem Solving of Higher Secondary School Stusle(over

Metacognitive Strategy Instruction)?
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4. Which component skills in metacognitive strategypadblem solving

viz.,

I. Representing the problem
ii. Planning the solution
iii. Implementing the plan and

iv. Evaluating the solution

contribute significantly to the problem solvingillskin physics in

students instructed on Metacognitive Strategy?

Hence, this study adopts a quasi- experimentagde3he important
elements of the research design like variablespkmselected for the study,
tools used, teaching material and the statistinaly@es employed to analyse
data are described in this chapter. For obtainingu@mery view of the

methodology at a glance, the outline of the totatpdure is given in figure2.
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Review of Problem Solving Literature

Identification of Component Skills in Problem Salgi

v

Identification of Strategies to Develop componekitlS

v
Development of Instructional Strategy to Enhanagbm Solving

v

Preparation of Metacognitive Strategy Instructioaddle

Development of Te*s,ts on Problem Solving

v

Try Out of the Tests and Item Analysis

v

Estimating Reliability and Validity of the Tests

v
Identification of Three Groups of class IX StudesssParticipants

'

Administration of Pre-Test

v
Matching the Groups based on Pre-Test
v
Random Allotment of Groups into experimental anahtta Groups
v v v
Peer Interacting Metacognitive Metacognitive Strategy Conventional Strateav Gro
Strategy Group (PIMS) Group (MS) ven (CS) %y "p
Experimental Treatment 1 Experimental Treatment 2 Control Treatment

Post Test + DW& Test+ Diafnostic TestA/Post Test

Analysis of the Test Resu

Findings

Figure 2: An Outline of the Study
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In order to have a more structured view of thagieshe variables of
the study are described, before taking up a detaiézount of each segment

of the study.
Variables of the Study

The Pre-Test_ Post-Test Control Group Design &f $study employed
independent variables, dependent variables andratontriable. These

variables were the following.
Independent Variable

Independent variable in this study is the instamnal strategy used to
inculcate problem solving ability in mechanics. épgéndent Variable in this

study has the following three levels.
1. Metacognitive Strategy (MS)

This is a four phased strategy for fostering congo skills in problem
solving where in students solve problems indepetiyleander the guidance of

the teacher.
2. Peer Interacting Metacognitive Strategy (PIMS)

This strategy, also in four phases, focuses ofamging students’

problem solving in homogeneous groups under theéage of the teacher.
3. Conventional Strategy

This strategy with three phases also focuses ohlgm solving, but

students work individually under the guidance aicteer.
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Dependent Variables

This study examines the effectiveness of an insbmal strategy to
foster problem solving skills in physics among Rghsecondary school
students. Hence problem solving ability in physgshe dependent variable.
Specifically the study employs the following sewameasures to point out
effectiveness of the independent variable to fopteblem solving skills in

students.,
1. Analogical Problem solving Ability

This refers to the ability to solve problems in am&nics using

strategies similar to those practised in classroom.
2. Problem Solving Ability in Physics

This refers to the ability to solve novel problefram areas of physics
other than mechanics that the students have notiopdy solved in

classroom.
3. Useof Metacognitive Strategiesfor Problem solving

This refers to the total (plus component- wisejllskn problem
solving developed in the students because of ictshru using the three select
strategies. Each of the four component skills arghér taken as dependent

variables, resulting in four sub variables, namely,

I Representing the Problem situation
. Planning the Solution
iii. Implementing the Plan

V. Evaluation of Solution
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Control Variable

All the three groups namely PIMS, MS and CS weatgcimed based on
their Previous Problem Solving Ability. Hence tbentrol variable in this
study is the previous problem solving ability ofpgds. All the three groups
were instructed by the investigator and hence tatfctor is considered

constant.
Experimental Design

Metacognitive Strategy Instruction is viewed aethlevels, viz., Peer
Interacting Metacognitive strategy (PIMS), Metacitiga Strategy (MS), and
Conventional strategy, all of which focus on fostgrproblem solving skills
in physics. This study limits itself to the areaneéchanics. MS and PIMS are
four phased, while the conventional strategy ie¢hphased. The first three
phases in all the three strategies are similar.fébhgh phase in MS involves
metacognitive analysis of the previous phases ¢fmoeigh and solution of an
analogical problem, which is done individually. PiMS, the fourth phase is
similar to that of MS except the fact that studeats grouped and they

perform the activities in homogeneous groups.

In order to test the effectiveness of the threategies in fostering
problem solving skills in physics, an experimemadcedure was used, with a

guasi-experimental design.

Non-Equivalent Pre-Test_ Post-Test Control Groupi@reused in this study

can be depicted as follows:

G, . O, X1 0407049

G, . O, X3 050504

Gs . O; C; O50Oq
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01, O, and Q are the Pre-tests on the dependent variable [pusvi

Problem Solving Ability in Physics]

04 Os and Q are the Post-tests, viz., Analogical Problem Sgjvi
Agility in Physics.

O;, Og and Q are the Post tests, viz., Problem Solving Skills i
Physics.

O:10, and Q; are the Post tests on the Use of Metacognitivat&jies
in Problem Solving involving Component skills (repenting the
problem, planning the solution, implementing tharplevaluating the

solution)

G, is the First Experimental Group (PIMS group)
G, is the Second Experimental Group (MS group)
Gs is the Control Group

X is the Application of First Experimental Treatmé@Reer Interacting

Metacognitive Strategy)

X, is the Application of Second Experimental Treatmen

(Metacognitive Strategy)
C, is Application of Control Treatment (Conventioi&tategy)

All the three groups are matched based on thewipus problem

solving ability.
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Tools Used for the Study

The tools were developed and used to quantify dépendent and
control variables. In totafour Tests on Problem Solving especially in the
field of mechanics to be administered at differstaiges of the study were
developed. Two of these tests are parallel and wseel as the pre-test and
post-test of problem-solving ability. Thus, theeth separate tests developed

were the following.

1. Tests of Problem-Solving Ability (Two Parallel FosmPrevious
Problem Solving Ability, and Analogical Problem @olg Ability, ).

2. Test on Problem Solving Skills in Physics.

3. Test on Component Skills in Problem Solving (UseVidtacognitive

Strategies in Problem Solving)
This test consists of four sub-tests, viz.,

1) Test on the Ability to Represent Problem situation

2) Test on the Ability to Plan Problem Solving Procedu

3) Test on the Ability to Implement Problem SolvingpBedure
4) Test on the Ability to Evaluate Solution to a Peatl

The development of each of these tools is expthinedetail in the
following section. General pattern followed for tthevelopment of these tests
was reviewing the literature on the related ar@antifying the cognitive task/
content area, deciding upon the weightage to bengio each area, deciding
the item format, deciding the number of items/ tdaraof the test, developing
a table of specification, item writing, item eddirby experts, tryout, item
analysis, selection of final set of items, and ldshing the indices of

reliability and validity of the test. For all theedts, try out sample was
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randomly selected as 112 class IX students from higher secondary
schools in Kozhikode district. The pilot-tests we@nducted in the middle
term of the academic year, so that sample studeeits already exposed to
the contents covered in the tests via regular alasms instruction and they

can attempt to solve the problems in the tests.
The development of each of the tests is detakdovn
1. Testsof Problem solving Ability in Physics.

Two parallel tests were used as the pre-test asttpst of problem-
solving ability, in order to prevent the testingeet on the outcome. The
content area of these parallel tests was limitethézhanics. The test was
developed as a whole test and then was split mboetqual halves. This was
done based on the item discrimination, and iterficdity. Another test of
Problem Solving Ability in Physics covering all iimppant areas of Physics
was also prepared to examine the transfer valwehet is learn on the basis
of study of unit on mechanics to the other unit®hysics. While developing

the test the following procedure was adopted.

a) Reviewing the literature on test on problem solving ability and

identifying the tasksto beinvolved in test items

In traditional classrooms, teachers often assesests based on their
abilities to recall information or comprehend simpielationships among
ideas. But in a classroom based on problem solghgients are engaged in
activities that extend far beyond recalling infotroa and understanding
simple relationships. Instead they are engagedlialoratively analysing,

researching and solving problems. Traditional teses therefore not useful
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tools for measuring student’s success with theseptex activities (Darling-
Hammond & Snyder, 2000).

Campione (1989) states that “successful learnansreflect on their
own problem solving activities, have available pdwlestrategies for dealing
with novel problems, and oversee and regulate thtrategies efficiently and
effectively”. They also indicate that assessing ttype of learning requires
dynamic rather than static measures. Dynamic measare better predictors
of gains in performance and are significantly d@ggit than learning scores

from static tests.

The cognitive tasks involved in the solution oblplems are explained

below.

1) Application of a Single Equation

Here the students are required to read the problamtion, identify
the key terms, ie., the physical quantities given ahose that is to be
determined, identify the principle/ equation cortireg the known and
unknown physical quantities, rearrange the equaboabtain a solution for
the problem and then substitute the values and enstically solve the

problem.
i) Application of more than one equation

Now all the physical quantities required to sotiie equation is not
directly specified in the problem. The studentsdneeobtain values for these
physical quantities using appropriate principleguaions following the
previous procedure and then apply them in the fewplation to solve the

problem.
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iif) Application of Equations + Additional Assumepns

Here the unknown physical quantities required dlves the problem
can not be determined from other principles/ eguati The examinees need
to go through the previous cognitive tasks and diditeon make certain

assumptions appropriate to the problem situation.
Example 1: If a stone is thrown upwards,

Assumption 1: The time taken for upward motion W equal to the

time taken for downward motion

Assumption 2: The velocity of the stone at the toptpoint is zero.
Example 2: If a helicopter flying in horizontal dation drops a bomb,

Assumption 1: The initial vertical velocity of themb is zero.

Assumption 2: the horizontal acceleration of thenbois zero in its

downward flight.
Assumption 3: the vertical acceleration of the basn®.8 m/é,
Iv) Application of Equations + Unit Conversion

Now the values of certain physical quantities remlito solve the
problem will be provided in different systems ofitan So before using the
previous cognitive tasks, the students need toywlifthe units in to a single

system, usually SI system by multiplying with agmiate conversion factors.

Example 1: Speed of a car given in km/h should dreverted to m/s before

using it in equation.
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Example 2: Mass of a body given in grams shoulddieverted to kg before

substituting its value in an equation

Evidently, the cognitive tasks in problem solviage cumulative in
nature. The number of test items /problems fronh&antent area demanding

prescribed cognitive tasks given in Table 1 waalised after item analysis.

1. Test of Problem Solving Ability (Form A and Form B)

b) Identifying the weightage to content domain

The important content topics to be covered bytéise were ‘Motion in

a Straight Line’, ‘Motion in a Plane’ and ‘Newtor’si\ws of Motion’.
¢) Decidingtheitem formats

An objective type (multiple choice), norm refereticest was prepared on the
broad objective of measuring domain specific problsolving ability of

students in mechanics.
d) Preparingtable of specification

As the Test of Problem solving Ability has tworgléel forms and
each of the final Form was to consist of 15 prolddrom mechanics, in total
30 items were required. Taking into consideratitre time involved for
students to complete the items that require prolsielving, 42 problems from
the units of mechanics in higher secondary physicgculum were planned
for the draft test. As all good achievement testsukl be based on either
explicit or implicit objectives or topics reflectean table of item
specifications, the test blue print representirgydbntent and cognitive tasks

involved is shown in Table 5.
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Table5b

Blue Print of Test of Problem Solving Ability Shiogvthe Number of Items
from Select Content Area by Cognitive Tasks

Cognitive Tasks (Applying)
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Motion in a straight line. 3 3 2 10
Motion in a plane 1 2 4 3 10
Newton’s laws of motion 2 2 3 3 10
Total 6 7 9 8 30

Table 5 represents the plan of the test to meagtoklem solving

ability in physics, especially in the field of mextcs.
I[tem writing

The items were developed as per the table of fpatiodon. More than
required number of items was prepared from eaclieabrarea and on the
different cognitive tasks, such that the final testuld be assembled in tune
with the table of specification. The Test of PeohlSolving Skills in Physics
in its draft form is appended as Appendix Al.
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Scoring

After administering the test to 112 students i tdifferent Higher
Secondary schools in Kozhikode district, the itemese scored. Each correct
response were given score 1. Each item that wasattempted and each
incorrect response were given score 0. After sgotime items were analysed
to find their discriminating power and difficultydex. The scores were also

used to estimate the reliability of the tests.
Item Analysis

The steps used for item analysis in the presediysire:

All item scores are first orderly arranged from Hegt to the

lowest of total scores.

* The sum of the numbers of examinees who gave theato
responses for each item were divided by the totahber of
examinees and then multiplied by 100. The resulbésindex of

difficulty or P- value.

» 27% of the students with the highest scores welecteel and
named the upper group. Similarly, 27% of the sttglevith the

lowest scores were selected and named the lowapgro

*  For each item, number of examinees who gave comspbnse in

the upper group and in the lower group were couségarately.

»  Subtracted the lower group count from the uppeugr@ount and
divided this difference by the number of examineesne of the
group (either upper or lower group, both are of shene size).

The result obtained is the index of discriminatowrD-value.
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Items were selected for the achievement test @disis of P-value or
the indices of difficulty. The normal curve can taken as a guide in the
selection of difficulty indices. Thus, 50% items shinave difficulty between
0.25 and 0.75. Similarly, 25% indices must be latban 0.75 and 25% must
be smaller than 0.25. This criterion was adoptethe present study while
selecting the items for the test on the basis galBe. Item wise indices of

difficulty and discrimination are appended as ApprI3.

The difficulty index (P-value) of the items seledtafter item analysis

is shown in Table 6.

Table6
Difficulty Index of Test Items in the Test of PesblSolving Ability

Sl No: Difficulty Index (P-value) No: of items
1 P<0.25 8 items (26.5%)
2 0.25<P<0.75 16 items (53%)
3 P>0.75 6 items (20%)

Table 6 reveals that difficulty index of the téetms approximately fits

the normal curve.

In the present study only items with D-value geeabhan 0.30 was
selected. The discriminating power (D-value) ofmige selected after item

analysis is shown in Table 7.
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Table7

Discriminating Power (D-value) of Items in the TeSProblem
Solving Ability

SINo: Discriminating Power (D-valueNo: of Items

1 D>0.50 11
2 0.40<D<0.50 9
3 0.30<D<0.40 10
4 D<0.30 0

Table 7 shows that out of 30, 20 items (67%) any y®od and 10

items (33%) are reasonably good. No items are makrgr poor.

After item analysis the items were ranked as paabe. Odd items
were taken as the problems/items of the Test o¥iBus Problem Solving
Ability in Physics (Form A - Pre-test). The finarfin of pre-test is appended
ad Appendix A4. The selected even items were talkethe problems/items of
the Test of Analogical Problem Solving Ability irh¥sics (Form B - Post-
test). The final form of post-test is appended ppefdix A5.

Reliability and Validity

Since the study attempts to construct two parsdgtls namely ‘Test of
Problem Solving Ability (Form A- Pre — Test)’ an@est of Problem Solving
Ability (Form B — Post — Test)’, parallel forms iagbility (also called index of
equivalence) was determined. The two tests wererashered to the same
group. Items of ‘Test of Problem Solving Abilitf¢rm A — Pre — Test)’
were taken as the odd numbered items in the test &md items of ‘Test of

Problem Solving Ability (Form B — Post — Test)’ wetaken as the even
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numbered items. The Pearson’s coefficient of cati@h, r between the total

scores of the two parallel tests are 0.89.

While preparing the test items, for each item amnfr A a parallel item
from the same content area and requiring the saigeitove task was made
for Form B. All items intended for form A was takas odd numbered and all
items intended to be in form B was taken as ewenhered in the combined
test form. The Pearson’s coefficients of correlatior parallel-paired items

are given in Table 8.

Table8

Correlation between Matched Items in Form A andrfF& of Test of
Problem Solving Ability

Pairs of items in the combined test form Pearson’s r

Iltem 1, Item 2 0.92
Iltem 3, Item 4 0.93
Iltem 5, Item 6 0.83
Iltem 7, Item 8 0.86
Item 9, Item 10 0.74
ltem 11, item 12 0.86
Iltem 13, Item 14 0.79
Item 15, Item 16 0.79
Iltem 17, Item 18 0.86
Item 19, item 20 0.75
Iltem 21, item 22 0.78
Iltem 23, Item 24 0.79
Item 25, Item 26 0.79
Iltem 27, Item 28 0.82
Item 29, Item 30 0.78

According to Kuder and Richardson (1937), to asseglivalent forms
reliability both forms should be administered t@ ttame examinees at the

same time. Using test scores from both forms, lugéfficients (0.80’s or
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0.90's) indicates that scores from either forms banused interchangeably.
Table 8 shows that the coefficients of correlatietween the paired items are
about 0.8 or above. Therefore, they can be usedcimingeably. Further the
Pearson’s correlation for odd-even items is foumdbé r=0.89. This means

the tests are reliable and parallel or equivalent.

Validity is the extent to which the instrument asares what it
purposes to measure. Content validity pertainshéo degree to which the
instrument fully assesses or measures the congsifuiciterest. The present
tool intends to measure problem solving abilitysaidents in the domain of
mechanics. So different problems from the contewei aspecified in the

blueprint given in table 1 are included to ensumetent validity.

Face validity of the test is established by rev@vihe instrument by
two experienced physics teachers from governmeyhtenisecondary schools

of Kerala.

While carrying out the test all required equatjotisat the students
should otherwise memorise, were displayed. This wafnsure that the
instrument measures the problem solving skills toldents and their rote
memorisation capacity is not a hindrance to probdehaing. By setting such
a test environment congenial for student perforraaacological validity was
ensured by providing the materials they were famged within classroom

problem situations (Brewer, 2000).
2. Test of Problem Solving Skillsin Physics

Test of problem solving skills in physics consistsl5 problems from
different areas of physics. In order to constra@a problems from the units

Work Energy and Power, System of Particles and tRoi@ Motion,
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Gravitation, Mechanical Properties of Solids andcNanical Properties of
Fluids in Higher secondary physics curriculum werepared. Out of these 20

problems, 15 were selected after pilot test, foldvay item analysis.

Test of Problem Solving Skills in Physics is afechve type (multiple
choice), norm referenced test. The test blue peptesenting the content and

cognitive tasks involved is shown in Table 9.

Table9

Blue Print of the Test of Problem Solving SkiltsRhysics Showing the
Number of Items from Select Content Area by Cognitasks

ngnitive Tasks (Applied)
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Work Energy and Power 1 0 2 1 4
Rotational Motion 0 1
Gravitation 0 1 2 0
Properties of Solids 1 0 2 1 4
Properties of Fluids 0 1 2 2 5
Total 2 3 10 5 20

Table 9 represents a blue print of the test tosueathe problem
solving skills in those areas of physics, which wascovered as a part of the
experimental treatment by the investigator. Thecmwere already taught as

part of their regular classroom instruction.
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The cognitive tasks involved in the solution oblglems are presented
as the column headings. They are similar to thapéamed before. The test
of Problem Solving Skills in Physics in its drafirfn and final form are

appended as Appendix B1 and Appendix B4 respewgtivel
Scoring

After administering the test to 112 students i tdifferent Higher
Secondary schools in Kozhikode district, the itemese scored. Each correct
response were given score 1. Each item that wasattempted and each
incorrect response were given score 0. After sgotime items were analysed
to find their discriminating power and difficultyjdex. The scores were also

used to estimate the reliability of the tests.

The number of test items/problems from each carasza demanding
prescribed cognitive tasks given in Table 9 wenalfsed after item analysis.
The steps followed for item analysis were similaithose explained already
for tests of problem solving ability (Form A andrfFoB). Item wise indices
of difficulty and discrimination for the Test of dblem Solving Skills in

Physics are appended as Appendix B3.

The difficulty index (P-value) of the items seledtafter item analysis

is shown in table 10.

Table 10
Difficulty Index of Test Items in the Test of PeshlSolving Skills in Physics

SI No: Difficulty Index (P-value) No: of items
1 P<0.25 3 items (20%)
2  0.25<P<0.75 10 items (66%)
3 P>0.75 2 items (14%)
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Table 10 reveals that difficulty index of the tésims approximately

fits the normal curve.

The discriminating power of items selected afteami analysis is

shown in table 11.

Table11

Discriminating Power (D-value) of Items in the TesProblem Solving Skills
in Physics

SINo: Discriminating Power (D-value) No: of Items

1 D>0.50 7
2 0.40<D<0.50 4
3 0.30<D<0.40 4
4 D<0.30 0

Table 11 shows that out of 15 items, 11 are vexydgand 4 items are

reasonably good. No items are marginal or poor.
Reliability and validity

The reliability across test items or internal cetesicy was determined
by administering the test to a group of 112 stuslentgovernment higher
secondary schools of kerala. The investigator thmmmd the split half
reliability by splitting the test in to two partysiematically. ie., all odd
numbered items were taken as one part and all euertbered items were
taken as the other part. The correlation betweenpidrts of the index of
consistency is found to be 0.74 (N=112). Accordittgy Nunnally and
Bernstein (1994) if the index of internal consistgrs 0.70 or higher, the test
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can be considered ‘good’ or ‘adequate’. Since ftiternal consistency index
for the Test of Problem solving Skills in Physisdfound to be 0.74, it can be

considered as an adequate tool.

The present tool as the name indicates attemptetsure, the general
skills in solving well structured academic problemsphysics. The content
validity or the degree to which the instrument yulissess or measures this
construct is ensured by including in the test, [@ois or items from all the
domains of physics to which the students are esgbteught till the time of
the experiment. Attempt is also made to includéed#int cognitive tasks that
may be required while solving a well-structureddmsaic problem as in the

blue print given in Table 9.

Face validity of the test is established as incthee of the previous tool
by review of the tool by two experienced physicacteers from government
higher secondary schools of Kerala. Further to chvibie effect of rote
memorisation capacity of students, all the equatitrat the students may
require while solving the problems was displayedrduthe administration of

the test.

3. Test on Component Skills in Problem Solving (Use of Metacognitive
Strategiesin Problem Solving)

Diagnostic assessments are utilised to determmeutrent knowledge
level of a student. It involves testing to learraifcertain standard has been
achieved and provides valuable feedback to theucistr. However diagnosis
Is performed differently for different purposes. the present study the
investigator conducts a diagnostic test to idemityether the students are
using various steps in the problem solving proceduhich are explicitly

taught to them while solving an academic problemother words, this study
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requires determining how far the students develdpedoroficiency in using
various component skills during problem solving. eTlstudy requires
information on which of the two experimental groupss developed better
proficiency in diverse tasks/ component skills re tprocess of problem
solving. The component skills involved in the pehl solving procedure that

are explicitly taught to the students are:

1) Represent Problem situation
2) Plan Problem Solving Procedure
3) Implement Problem Solving Procedure

4) Solution to a Problem

Item Selection for test on Component Skills in Problem Solving (Use of

M etacognitive Strategiesin Problem Solving)

Iltem selection for the diagnostic test iIs accost@d by
predetermining a set of items based on the diftetasks involved in the
process of problem solving. The content area irealis the same as that for
the Test of Problem Solving Ability in Physics (RorA and Form B)

discussed before.

The blue print given in Table 12 represents thstrithution of items
from various content areas among diverse composkitis involved in

problem solving procedure.
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Table 12

Blue Print of the Test on Component Skills in Peabl Solving(Use of
Metacognitive Strategies in Problem Solving) Shgwiime Number of Items
from Select Content Area by Component Skills

Component Skills in Problem

Solving

£ 2 o

s 2 € S

(] c [} I
Content g c = S Total

5 < <@ i

g &~ E d
Motion in a straight line. 1 2 2 1 6
Motion in a plane 3 1 2 2 8
Newton’s laws of motion 1 2 1 2 6
Total 5 5 5 5 20

Table 12 represents a blue plan of the diagnasst on component
skills in problem solving in physics, particulaity the domain of mechanics.
The important content topics covered are ‘MotiomiBtraight Line’, ‘motion

in a Plane’ and ‘Newton’s laws of Motion’ as listedthe first column.

The component skills required to solve problenes @esented as the
column headings of the next four columns. Eachheké component skills

further involves various tasks as discussed imthe section.

The the diagnostic test on component skills inbfam solving is

divided in to four sub-tests, viz.,

1) Test on the Ability to Represent Problem situation

2) Test on the Ability to Plan Problem Solving Procedu

3) Test on the Ability to Implement Problem SolvingpBedure
4) Test on the Ability to Evaluate Solution to a Peshl
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This is done to determine the proficiency of shudan each of these
component skills separately. Each of these sub-testiscussed in detail

below.
1) Test on the Ability to Represent Problem situation

In formal educational contexts, students haveotaeswell-structured
problems that require the application of a finitenier of concepts, rules and
principles; possess a well defined initial statekreown goal state and
constrained set of logical operators; presentlaihents of the problem to the
learners. Solving such problems depend on how tbklgm is represented.
Proper representation of the problem and the dorkanwvledge required to

solve it are crucial.

The inability of students to transfer well-struetd problem solving
skills to novel problems is because of the inadexjuepresentation of the
knowledge that is required to solve problems (Sind®v8). Hence, problem

representation is central to problem solving.

Experts are better problem solvers than noviceause they construct
richer, more integrated representations of probléinan do novices ( Chi,
Feltovich & Glaser,1981; de Jong & Ferguson-Hesdlé®1; Larkin 1983).
Their representations integrate domain knowledgé wroblem types (Chi,
Feltovich & Glaser, 1981).

Relying exclusively on a quantitative form of repentation restricts
students understanding of the problem and its iogiship to domain
knowledge (Hegarty, Mayer & Monk, 1995). Ploetznéehse, Kneser and
Spada (1999) showed that when solving physics ol qualitative
problem representations are prerequisites to legrniquantitative

representations. Representing problem situationo alyuide further
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interpretation of information. This information cassume three different

forms: numerical, verbal, or pictorial.

Discussion above shows that proper representatiora problem

situation results in:

I.  Further interpretation of information
ii.  Inferring quantitative representations/ equations
lii.  Elicite numerical values for certain physical quided

Iv.  Provide pictorial representation of data

The items in the sub-test ‘Test on the Ability Represent Problem
situation’ are designed to assess whether studeatsble to perform these

functions of problem representations.

Table 13 shows the distribution of items from @ifint content areas

corresponding to these functions.

Table 13

Content wise Distribution of Items in the Sub T&stst on Ability to
Represent Problem Situation’

Representing Problem Situation

Content Total

Interpretation of
Information
Inferring Equations
Values of Physical
guantities
Pictorial
Representation of
Data

o
=

Motion in a straight line.

=
=

Motion in a plane
Newton’s laws of motion 0 0 0
Total 1 1 1 2 5
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Table 13 shows that there are items in the sulidesssess the ability
of students to perform all the above mentioned tions of the component

skill ‘representing a problem Situation’.
2) Test on the Ability to Plan Problem Solving Procedu

Learners solve most overt problems in maths anénses by
identifying key concepts and values in a short aden selecting the
appropriate algorithm, applying the algorithm tongeate a quantitative
answer, and then checking their responses. Thereface a problem is
properly represented and additional inferences owblem situation are

drawn, the next step is planning a problem solyraxedure.
Planning a problem solving procedure involves:

I. ldentifying the variables, those are explicitly sihed and those
are required to find in the problem.
ii. Identifying relevant principles and equations, whiead to the
solution of the problem.
iii.  Making additional assumptions required to solvepiablem.
Iv.  Generating or deriving those equations which arteengplicit, but

necessary for solving the problem.

The items in the sub test ‘Test on the AbilityRian Problem Solving
Procedure’ are designed to assess the proficiehstudents to perform these

tasks.

Table 14 shows the distribution of items from elifint content areas

corresponding to these tasks.
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Table 14

Content wise Distribution of Items in the Sub T€est on the Ability to Plan
Problem Solving Procedure’

Planning Problem Solving

Procedure
-
— n
28 23 BS o5
Content 23 2 'g; 28 =% Total
c = c C o S o =
T =
3> & T3 od
<
Motion in a straight line. 1 0 2
Motion in a plane 0 1 0 1
Newton’s laws of motion 1 0 2
Total 2 1 1 1 5

The table shows that there are items in the sagb tte assess the
proficiency of students to perform all the aboveatrened tasks related to

planning a problem solving procedure.
3) Test on The Ability to Implement Problem SolvingpBedure

Mathematics, commonly referred to as “the languafgecience” is an
essential prerequisite to the study of physics.ypical physics problem
requires students to use their understanding ohemadtical concepts to set

up and then solve it.

Unfortunately, in physics problem solving studeafgpear to have
trouble with solving algebraic equations, computhadues when it deals with
powers of tens, and rearranging equations to yighle of a particular
variable etc. Such troubles often act as a hindramnbile implementing
problem-solving procedure. Such troubles occursabee, many students

have only developed an algorithmic understandinghef problem solving
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procedure. But, problem solving expertise incluggartunistic blending of
formal and mathematical reasoning while maniputpgquations (Fauconnier
& Turner,2003; Sherin, 2001).

The ability to implement problem-solving proceduefers to how
students use the equations after their selectiontier words, it refers to the
mathematical processing stage while solving problelsing equations to
compute a numerical answer is a skill to be develom students while
teaching problem solving procedure in physics ctass (Giancoli, 2008;

Reif, 2008).

Out of the numerous mathematical processes ingolve physics
problem solving, the present study concentratec daw skills required to
solve equations related to the problems discussdldei classroom. They are
discussed below as the skills involved in the conemd skills of

implementing problem-solving procedure. They are:

I.  Computing numerical values involving powers of tens
ii.  Solving algebraic equations
lii. Rearranging equations to yield a particular vadabl

Iv.  Use of trigonometric relations

Table 15 shows the distributions of items fronfet#nt content areas

corresponding to these skills.
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Table 15

Content wise Distribution of Items in the Sub T&sst on the Ability to
Implement Problem Solving Procedure’

Implementing Problem Solving

Procedure
g L
% o > ©
(@R c w = o wn
E>S HE « @ [N
52 ¢ og&E 82
Content a8 S8 w92 <<g Total
€= S = 8 o o 2
Q2 aoF > £3
O € x Ll = S Ll
S = o
zZ n
Motion in a straight line. 1 0 0 1
Motion in a plane 0 1 1 0 2
Newton’s laws of motion 0 0 1 1 2
Total 1 1 2 1 5

Table 15 shows that there are items in the sub ttesssess the
proficiency of students in all the above-mentioneHills related to

implementing a problem solving procedure.
4) Test on the Ability to Evaluate Solution to @Blem

According to science education literature, there @vo phases of
problem solving: (a) initial qualitative analysi$ the problem situation to
determine the relevant mathematical equations ahdn{erpretation of the
final mathematical answer, to check for physicalameg and plausibility
(Heller, Keith & Anderson, 1992; Redish & Smith, (&) Reif, 2008).

This test concentrate on the second phase, ierpnetation of the
result or checking the physical plausibility of thelution obtained. Usually,

when a solution is obtained for a problem, studeatsly check whether the
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solution obtained is reasonable and consistent existing theories. They are
more prone to make mistakes either in the initiafje of making assumptions

or in mathematical computing.

Use of calculators for computations has increabedpossibilities of
making illogical solutions. To quote an examplethié students are asked to
find the mean of three measurements say, 24.5,&4H&4.2, many students
using calculators may come out with a mean of 5ih&téad of 24.43. This is
because they concentrate only on the proceduretoidind mean add the
three measures and divide by three. If this is dame single step in the
calculator, the calculator divides the last measyreéhree and then adds the
other two measures to it, resulting in an erroneawtput (here 57.17). At
least few students do not reason that the mearicshelclose to the measures
concerned, and hence nearly 24. Such computatemais affect the final

solution of the problem.

In numerous situations, the students blindly fellthe procedure
without making certain logical assumptions in bedweFor example, if they
come across a situation where two photons are llirayein opposite
directions with velocity 3x10m/s, they make the relative velocity of one
photon with respect to the other as 6kihf)s. Here they neglect or oversee
the basic assumption in physics that nothing care heelocity greater than

3x10@ m/s.ie., the velocity of light in vacuum.

Since it is difficult to objectively assess howtesf students make
computational errors, all the five items in the $ebt ‘Test on the Ability to
Evaluate Solution to a Problem’ assess whethestilents make reasonable

explanations for solutions and solving procedungsroblems.
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The four sub tests discussed above constitute TEs on Component

Skills in Problem Solving'. The test is appendedppendix C1.

These component skills in problem solving are anway exhaustive.
These skills merely indicate what might be relevamtrelation to the

instructional strategy developed and tested indtudy.

Design and Devleopment of Strategiesto Develop Skillsin Problem

Solving

A detailed review of related literature was cortddcbearing in mind,
two questions. 1) What are the component skill$ lged to problem solving
and 2) Which strategies enhance these compondig akd total problem
solving ability of students. Literature on problewlving ability provided a
theoretical basis for present study. Review ofdiigre helped the investigator
to list out the various component skills in problealving. These component
skills are representing the problem, planning f@uson, implementing the
plan and evaluating the solution (Abdullah, 200&r@oli, 2008; Kuo, 2004;
Mateycik, 2009; Redish & Smith, 2008; Reif, 2008hese components and
their total effect on problem solving constitutepeedent variable of the

study.
Development of Strategies to Inculcate Problemisgl®kills

Review of diverse strategies and techniques eattby teachers and
proposed by other educationists helped to incultedadentified component
skills in students. The investigator also pooledtimer techniques that proved
to improve problem solving skills like concept mayp (Friege & Lind,
2006; Mateycik ,2009), use of Metacognitive strasg(Abdullah, 2006;
Kuo, 2004; Mestre, 2002; Pacey, 1999; Roll etZ8Q6; Rowe, 1987; Teong,
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2003; Vansickle & Hoge, 1991; Veenman & Spaans5200@aks 2001) and
peer interaction strategy (Chi, Roy, & HausmannQ&O0Leont’'ev, 1932;
Luria, 1932, 1928,; Vygotsky, 1978). Systematicamigation and integration
of these techniques resulted in a new instructicstedtegy to inculcate
metacognitive abilities that the study propose®ribance problem solving.
This newly developed strategy was named ‘MetacognitStrategy
Instruction’. The strategy instructed to a group students working
independently is Experimental Treatment 1. Thisugrof students is called

Metacognitive Strategy (MS) Group.

The strategy instructed to a group of studentsy wire divided into
small heterogeneous groups of four or five to feté peer interaction is
Experimental Treatment 2. This group of studentsaided Peer Interacting

Metacognitive Strategy (PIMS) Group.

The method of instruction usually followed by heghsecondary
physics teachers is the control treatment. The gafustudents subjected to

control treatment is called Conventional Strate@g) Group.

Metacognitive Instructional Strategy is a four e instructional
strategy. The first three phases are common tthalthree groups including
control group. The experimental groups differ be thresence of a fourth
phase, that is, the Metacognitive phase. The phasssch of three treatments

are detailed below.
Phase 1: Presentation of Knowledge domain.

This phase is common to all the groups. In thiasghthe teacher
presents the concepts and the relation between #®emn interconnected

fabric in the form of a concept map. The concepp nsadeveloped on the
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black board as the teacher explains each concept (Bvo Dimensional
Motion) and the sub concepts (e.g., Circular Motwith examples from real
life situations. The teacher introduces the minonoepts(e.g., Centripetal
Acceleration) related to each sub concept and &glhow they can be
computed from various physical quantities(e.g.edinvelocity). Meanwhile,
teacher also demonstrates how each of the equatemse used to solve

problems.

For example Concept map on ‘Motion in a PlaneVvealieped in the

class and presented to the students are showgumne=3.



For x- direction For y- direction
Vy = Uy + agt Vy=uy+at

Sy = Uyt + % ayt? S, = uyt + % a,t?
Vi = Uy’ + 2a,Sy V.2 =u.” +2a.8,

o

.

v is final velocity
u is initial velocity
S is displacement
a is acceleration

tis time

For Horizontal
Motion

uy=uCos 0
vy=Uu Cos 6

ay=0

- /

Projectil

MOTION IN A PLANE

Two Dimensional Motions

Equations of Motion
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Uniform Circular Motion

/ N\

Angular
Velocity,

w=Vv/R

Centripetal
acceleration,

a. = vV*/R

v is linear velocity

R is radius of circular
path

A 4
e Motion

A

v
-

(¢

or Vertical
Motion T=2uSinB /g
uy=uSin 8 Height of projectile,
vy=uSin@-gt H=u’Sin’0/2g
ay=-8 Horizontal Range,

\ /Time of flight, )

/ R=u’Sin20/g

NG

u is initial velocity
0 is angle of projection

Figure 3: An lllustrative Concept Map on ‘Motion in a Plane’
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Phase 2: Presentation of the Problem

Like the first phase, this phase also is commaoalltthe three groups.
In this phase teacher presents a story problemewhemerical values are
embedded in a real life situation involving the giog concepts under
discussion. Students have to estimate the unknouantgies using the

concepts and relationships presented to them ipringous phase.

For example after development of the concept Masgtrated (Figure

3) during Phase 1, the following problem was giwephase 2.

A boy standing in a stationary open lift throws all lupwards
with the maximum initial speed he can, equal ton#38. How

much time does the ball take to return to his hands
Phase 3: Problem solving procedure

This phase consists of four steps in which a gpemblem is solved.
This phase is also common to all the three grotlibs.four steps are detailed
below along with the procedure for working out fhreblems are illustrated

using the problem given as an example in the pusvphase.

Step 1: Surface representation

In this step, the problem situation is representedhe form of a
diagram. All the given variables with their valuesd the unknown quantities

to be determined are indicated in the diagram.
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For example, for the problem in the previous ph#sdiagram would

look like Figure 4.

V=0m/s

49m/s

X

Figure 4. Surface Representation of a Problem: An Illustrati

Step 2: Structure Representation

In this step teacher and students discuss theigshgencepts in the
problem situation. They view the problem in thenfeawork of physical
science principles and make the assumptions negdssdhe solution of the

problem.

For example, in the problem considered here theudsion can be as

follows.

Teacher : Let us take the case of a ball moving upwards.
When the ball moves upwards, what happens to
its velocity?, Does it increase or decrease?

Pupil : Decrease

Teacher : So, Is its acceleration positive or negative?

Pupil X Negative

Teacher : What will be the magnitude of acceleration?
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Pupil
Teacher
Pupil

Teacher

Pupil

Teacher

9.8

Why is it 9.8?

The ball is accelerated by gravity

So we can take the acceleration,a= - 9.8°m/s

At the topmost point the ball remains stationary
for a moment and comes back. So what will be

the final velocity for upward motion?
zero

Yes, so we can take final velocity, v = 0m/s

Step 3: Planning the solution

In this step, on the bases of the previous reptasens of the

problem, teacher and pupils together decide whguratons can be used to

solve the problem. They also plan how to work dw& problem using the

equations and assumptions, through a series df.step

For example in planning the solution of the throgviproblem illustrated

above was done as follows,

Teacher

We have initial velocity, u
Final velocity, v
And acceleration, a
The problem is to find time, t.

So which equation can we use to solve this problem?
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Pupil I V=u+at

Teacher  :This will give us only the time taken for upwandtion.
But the time taken for upward motion will be sarsetfze
time taken for downward motion. Can you guess hmw t
find the total time taken by the ball to returnthe boy’s

hand?

Pupil - We will just have to take twice the time for upva

motion.
Teacher 'Yes. Good.

Step 4: Implementing the plan

In this step teacher and students proceed acgptdirtheir plan and

solve the problem.

While implementing the plan, the above illustratpdoblem of

throwing the ball, was solved as follows.
Teacher :Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation, v = u + at,
0 =49 —9.8xt
9.8xt =49

t = 49/9.8 = 5 seconds.
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This is the time for upward motion, so the totahei
taken by the ball to fall back to the boys handwge

this time.
2x5 =10 seconds.

Phase 4. Metacognitive Analysis

In usual classroom teaching, teachers do not dunteflect upon the
problem and its solution, once a problem is sol\8althis phase is not a part

of the Control Treatment. This is not instructedhe CS group.

This phase is a part of both Experimental Treatmé&n and
Experimental Treatment 2. For MS group, subjedExperimental Treatment
1, this phase continued without any change in thsscroom structure. But
for PIMS group, subject to Experimental TreatmenstAdents were asked to
sit in separate heterogeneous groups of five ar &od discuss in each step.
Thus in PIMS group this phase was carried out iftaasne work of peer

interaction.

This phase consisted of three steps. The diffeseayis are detailed
below and their working procedures are illustratesthg the ball throwing

problem solved in the previous phase.

Step 1: Error Analysis

In this step students investigate whether the temps used are
consistent unit wise, whether the assumptions naadecorrect and whether

the solution obtained is reasonable?

During error analysis of the ball throwing probldhe class preceded as

follows.
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Teacher The equation we used is, v= u+ at

Write the units used for each of the quantities ard
whether they are the same for each term on egiakr of

the equation.
Pupil :(work out in their books)

vV = u +at

m/s =m/s + mfsx s

m/s = m/s + m/s

The units for all the terms are the same.
Teacher Therefore the equation is consistent unit wise.

We assumed that time for upward motion is equéhte
for down ward motion. For further confirmation, las
calculate separately calculate time for downwardiom

by taking values,

u=0m/s, a=9.8mfs v=49m/s

Pupil :(Workout in their books)
v= u+at
49 = 0+9.8xt
t= 49/9.8 = 5s.
Teacher :This is same as the time for upward motion. So our

assumption is correct.
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Step 2: Monitoring the Procedure

In this step teacher makes the students reflectthen procedure
followed so that the physical science principled #me strategy for solving
the problem gets fixed in their mind. Teacher dtes by asking a set of

reflective questions like those given in Table 16.

Table 16

Reflective Questions Posed to Studnets while MamitoProblem Solving
Procedure and their Purpose

[llustrative Reflexive Questions Pur pose Served by the Questions

Q1: What was your first step while This helped the students to recollect

solving the problem? and realise the need to represent the
problem diagrammatically.

Q2: Which physical quantities were This helped the students to reflect on
given directly? the way they drew out the known
quantities from the problem.

Q3: Which physical quantities were This helped the students to summon
to be determined? up the way they identified the
unknown physical quantities.

Q4: How did you obtain the requiredThis set the systematic way of
relations? planning to solve the problem in the
mind of the students.

Q5: What assumptions did you This threw light upon various physical

make? science principles that govern nature
and facilitated further logical
assumptions in future problem
solving.

Q6: How did you solve the problem?This reflected on the methods of
implementing solution plans to
physics problems.

Q7: Did you face any difficulty in ~ This helped both the teacher and

any stage? students to identify the short coming
in planning solution to problems and
implementing the plans.

Q8: How did you overcome the This helped in the onset of an open

difficulties? discussion on strategies and sharing of
ideas among the students.
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Step 3. Analogical Problem Solving

In this step teacher provided a problem similath® one presented in
phase 2 and asked students to solve it, followlhtha steps in phases 3 and
4. Students in MS group, subjected to Experimetreitment 1 did that
independently, while students in PIMS group, sulej@cto Experimental

Treatment 2 did that in small groups, interactinthwheir peers.

Example: A problem analogical to the one presentedohase 2

example is as follows.

Analogical Problem: A person standing in an opdénnhoving with
uniform velocity throws a ball upwards with an iaitspeed of 40m/s.

How much time does the ball take to return to laisds?

The four phased Metacognitive Strategy Instruct®summarized in

Table 17.
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Table 17

Summary of Various Phases of the Metacognitivet&jyalnstruction for
Problem Solving used in this study

Phases

Description

Phase 1: Presentation
of Knowledge domain.

» Teacher presents the concepts and the relatiorebatthem as
a concept map.

* The concept map is developed on the black board

* Teacher explains each concept and the sub coneefits
examples from real life situations.

» Teacher explains how minor concepts can be detednirom
various physical quantities.

» Teacher demonstrates how the presented equatiarsecased
to solve problems.

S e Teacher presents a story problem
N = o % ¢ In the problem numerical values are embedded irah life
BES g situation.
T % °fx » Students estimate the unknown quantities usingctreepts
a and relationships presented to them in the preyibase.
@ Consists of four steps
5 o Step 1: Surface representation
@ The problem situation is represented in the forra dfagram.
g_ « Step 2: Structure Representation
= Teacher and students discuss the physics conaepte iproblem
'S situation and make the assumptions necessary éosdhution of
3 the problem.
= « Step 3: Planning the solution
g Teacher and pupils together decide which equatansbe used to
5 solve the problem and plan how to work out the (@b
&5 e Step 4: Implementing the plan
@ Teacher and students proceed according to theiraid solve the
c problem.
o
0 Consists of three steps
ZE o Step 1: Error Analysis
2 ., Students investigate the equations used, the assun®mpnade and
& D solution obtained.
g 3 « Step 2: Monitoring the Procedure
o < The students reflect on the procedure followed
% » Step 3. Analogical Problem Solving
£ Students solve an analogical problem following thi steps in

phases 3 and 4.
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Based on this four phased strategy named, Met@oagrStrategy
Instruction 30 lessons were prepared and implerder@ut of the thirty
lessons six lessons consists only of the first @hasPresentation of the
knowledge Domain. Out of these six lessons, twedes each were used to
present knowledge domain pertaining to the thrats uramely, Motion in a
Straight Line, Motion in a Plane, Laws of Motionadh of these sets of two
lessons was followed by eight lessons where stadmaived related problems
going through the rest of the phases. Thus there &4 lessons on solving
problems, each lesson comprising of a presentatiolblem and an analogical

problem.

The problems presented along with their analogjmalblems for

students to workout in each unit are listed below.
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Table 18
lllustrative Problems and Their Corresponding Argit@l Problems Used in
the Lessons in the Unit ‘Motion in a Straight Line’

[llustrating Problems Analogical Problems

1. The engine of an electric train passes a 1. A car enters a tunnel with a speed of 4
stationary car with a velocity of 6 m/s. It m/s. It takes 55 seconds for the car to come
takes 10 seconds to the tail end of the train tout of the tunnel by which time its velocity
pass the same car by which time its velocityis 6 m/s. Calculate the acceleration of the
9m/s. Calculate the acceleration of the train.car.

2. An electron travelling with a speed of 2. A proton travelling with a speed of

5x10° m/s passes through an electric field 3x10°m/s passes through an electric field

with an acceleration of 1m/s. How long  with an acceleration of 2én/s”. How long

will it take the electron to double its speed? will it take the proton to attain thrice its
original speed?

3. A motor car moving with a uniform 3. A train reaches the station with a
velocity of 20m/s comes to stop on the velocity of 60 m/s. It travels 20m before
application of breaks, after travelling a coming to a halt. What is its acceleration?

distance of 10m. What is its acceleration?

4. A train 100 meter long is moving with a 4. Feroke railway station is 1.5 km long.

speed of 60 km/h. In what time shall it crossldow long will it take a 150 m long train to

bridge 1 km long? pass the station without stopping, if it is
travelling with a constant speed of 70
km/h?

5. A man travels in his car from home to 5. A person drives to the fish market at a
office at 40 m/s and from office to home at 66peed of 50 km/h and returns home at a
m/s. Calculate average speed and average speed of 70 km/h. What is the average
velocity of that person. speed and average velocity of the person?

6. On a horizontally moving belt, a child runs6. A train moves towards a tree, 3 km away
with a speed of 8km/h towards his mother orwith a speed of 100km/h. A monkey runs
the ground 500m away. The belt is moving on the train in the same direction with a
towards the mother with a speed of 4km/h. lspeed of 10km/h. In what time will the

what time will the child reach his mother? monkey reach the tree?

7. A train moves towards north with a speed?. A train moves towards south with a

of100km/h. A monkey runs on the train speed of 80km/h. A kangaroo jumps on the

towards south with a speed of 8km/h. What isain with a speed of 12 km/h towards

the relative velocity of the monkey with north. What will be the velocity of the

respect to an observer on the platform? kangaroo with respect of an observer on
ground?

8. A car moving along a straight road with a 8. An aeroplane lands with a horizontal

speed of 72km/h stops with in a distance of velocity of 144km/h and comes to stop with

200m. How long does it take the car to stop?n a distance 400m on ground. How long
does it take the aeroplane to stop?
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Table 19

lllustrative Problems and Their Corresponding Argit@ml Problems Used in
the Lessons in the Unit ‘Motion in a Plane’

Illustrating Problem Analogical Problem

1. A projectile is fired with a horizontal 1. An aircraft 500m above ground is
velocity of 330m/s from the top of a cliffflying with a horizontal velocity 15m/s.
80m high. How long will it take the It drops a bomb. How long will it take
projectile to strike the level ground at théhe bomb to reach the ground?

base of the cliff?

2. A boy can throw up a ball to a 2. A kangaroo can jump to a maximum
maximum height of 10m. To what height of 5m. To what maximum
distance can he throw the same ball ondistance can it jump on ground?

the ground?

3. A boy revolves a stone on a string 3. An insect trapped in a circular groove

10cm long steadily, completing 10 of radius 12cm moves along the groove

revolutions in 10 seconds. What is the steadily and completes 7 revolutions in

angular speed of the stone? 100s. What is the angular speed of the
insect?

4. A helicopter 500m high is flying 4. An aeroplane is flying in a horizontal
horizontally with a speed of 144km/h. It direction with a velocity of 360km/h at a
drops a food packet. How far should a height of 1960m. How far from a given
boy just below the helicopter run to get target, should it release a bomb to hit the
the food packet? target?

5. A monkey jumps from the branch of &. A bird flying at a height of 60m with a
tree 20m high from the ground with a horizontal speed of 50m/s drops a fish in
horizontal velocity of 40m/s. How long its mouth. How long will it take the fish
will it stay in air? to reach the ground?

6. A boy is playing with a ball in a train 6. A basket ball player throws up the ball
moving with a speed of 100km/h. If he with a speed of 20 m/s as he runs with a
throws up the ball with a speed of 10m/speed of 30m/s. In what time will the
How long will the ball stay in air before ball reach back to his hands?

reaching his hands?

7. A ball is projected with a velocity of 7. A stone is thrown with a velocity of

10m/s at an angle of BWvith the 15m/s at an angle of 3With the
horizontal. What is its velocity at the  horizontal. What are its horizontal and
highest point? vertical components of velocity at its

highest point?

8. The ceiling of a roof is 25m high. 8. A boy kicks a football with a speed of

What is the maximum distance thata 50m/s. If it reaches a height of 15 m

ball thrown at a speed 40m/s can go  from the ground, what will be the

without hitting the roof? distance covered by the ball as it touches
the ground?
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Table20

lllustrative Problems and Their Corresponding Argital Problems Used in the
Lessons in the Unit ‘Newton’s Laws of Motion’

Illustr ating Problem Analogical Problem

1. A ship of mass 3x1(kg initially at rest 1. A body of mass 12kg is moving with
is pulled by a force of 6xfD. Calculate an acceleration of 50nf/sCalculate the
the acceleration attained by the ship. force acting on it.

2. A person weighting 75kg stands in an 2. A monkey of mass 40kg climbs up a

elevator. What will be the apparent weightope that can withstand a maximum

of the man when the elevator moves up tension of 600N. What will happen to

with an acceleration of 10nifs the rope if the monkey climbs up with
an acceleration of 6nff2

3. A hunter has a machine gun that can 3. A stone weighing 50Kkg is rolling

fire 50g bullets with a velocity of 800m/s.towards a person with a speed of 8m/s.
A 40kg tiger springs at him with a velocityf the person has a machine gun that
of 10m/s. How many bullets must the  can fire 50g bullets with a speed of
hunter fire into the tiger in order to stop it1000m/s, how many bullets can stop

in its track? (Neglect pain). the stone?

4. A body placed on a rough inclined 4. A body placed on a rough inclined

plane just begin to slide when slope of thelane just begins to slide when the

plane is 1 in 4. Calculate coefficient of  angle of inclination becomes 30

friction. Calculate the coefficient of friction of
the inclined plane.

5. A force of 20N is applied on a hockey 5. A cricketer throws a ball with a force

ball at an angle 3with the X-axis. What of 15N making an angle of 4@ith the

is the vertical component of force? horizontal. What is the horizontal
component of force?

6. A horizontal force of 1.2 kgf is applied 6. A 2kg wooden block is resting on a

to a 1.5kg block, which rest on a surface of co-efficient of friction 0.35.

horizontal surface. If co-efficient of How much acceleration will the

friction is 0.3. Find acceleration producedwooden block have if a force of 2.8kgf
is applied on it?

7. A force of 60N is applied on a stone 7. A stone of mass 2kg is initially at
(which was initially at rest) of mass 3 kg rest. What force if applied for 20
for ¥2 minute. Find the velocity gained by seconds will make it move with a speed

the stone. of 600m/s?

8. Two masses 8kg and 12kg are 8. A string can withstand a maximum
connected at the two ends of a light tension of 100N. Two masses 10kg and
inextensible string that goes over a 8kg are connected at its ends and the

frictionless pulley. Find the acceleration aftring goes over a frictionless pulley.
the masses, and the tension in the string Will the string break when the masses
when the masses are released. are released?
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The detailed lesson transcripts are appended admgix D.
Samplefor Study

Higher Secondary School Studnets of Kerala coseptie population
of the study. Out of the fourteen districts in &er Kozhikode district was
randomly selected for the study. Three Higher 8daoy Schools with
students of comparable socio-economic status amdagidnal background
were choosen from Kozhikode district. These wexrwék Higher Secondary
School, Farook College; Government Ganapath Vogalibligher Secondary
School, Feroke; and Government Vocational Higheco8dary School,

Cheruvannur.
Sample used for standardization of tools

Out of three schools, two schools namely Faroafhkli Secondary
School and Government Ganapath Vocational Higheois#ary School were
randomly assigned for providing sample for stanidattn of tools. Each of
these schools had four grade 11 classes. There aveund 50 students in
each of these eight classrooms. From among th# elgsses, three classes
were randomly selected as standardization samnipléhese three classes two
(out of four) were from Government Ganapath VoaaldHigher Secondary
School and one class was (out of four) from Farébgher Secondary
School. In these three classes same tests wereysdp Out of around 150
students who were administered the test, 112 stsidgave data which was
complete in all respects. Therefore these 112esiigdwere used as sample

for standardization of tests.
Sample used in experiment

For conducting experiment, Government Vocationghidr Secondary

School, Cheruvannur was randomly choosen. Thene \eee grade 11
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classes with around 50 students in each class-teBrgPrevious Problem
Solving Ability) were conducted in all the threas$es. After matching the
three groups on Previous Problem Solving Abilit§,students each from the
three classes were choosen for the interventiome three groups of 38
studnets each were then randomly assigned intekperimental (PIMS and

MS) and control (CS) group. Sampling procedurdlustrated in Figure 5.

Selection of 3 Higher Secondary Schools |n
Kozhikode Distric

A 4

Random allotment to standardaization and
experimental sampl|

/\

Vs

Vs

- ) )
Two Higher Secondary One Higher Secondary
Schools with 8 divisions School with 3 divisions
. l J . l J
4 ] N 4 . ] N
Random Selection of 3 Administration of pre-
divisions from 2 School tes
& J & J
'd " 1\
112 Students 4 Identification of 38\

students in each groups
so that groups match
on Previous Problem
Solving Ability in
Physics

\_ )

A

N
Random assignment of
the three groups for
treatments
- J

A 4

4 1\

114 Students

(. J

Figure5: Sampling Procerdure



Methodology 187

Relevance of matching the groups on previous problem solving ability

Many authors have demonstrated in numerous facedfscting
problem solving skills. These include fluid intgince and crystallized
intelligence (Horn, & Cattell, 1966), memory and tesenemory (Kreutzer,
Leonard, Flavell, & Hagen, 1975), reflection impuly (Borkowski, Peck,
Reid, & Kurtz, 1983). Schoenfeld (1985) argued thatir factors are
necessary and sufficient for understanding theityuahd success of problem
solving, viz., (1) the knowledge base, (2) Probleaiving strategies, (3)
Control: monitoring and self regulation, or metaaitign and (4) Beliefs and

the practices that give rise to them.

More recent literature review did not result innauch different
taxonomy on the factors influencing problem solvpegformance, as can be
concluded from the broad taxonomy of problem sa@hattributes put forward
by Carlson & Bloom (2005). The dimensions of theotomy are (1)
Resources, ie., the conceptual understandings, lkdge, facts and
procedures. (2) Control, ie., the selection andlementation of resources
involving, planning, monitoring, decision makingynscious metacognitive
acts etc... (3) Methods, ie., the general strasegised while working a
problem, like constructing new ideas, carrying cotnputations etc... (4)
Heuristics, ie., more specific procedures and aggres used when working a
problem, like observing symmetries, altering theegi problem so that it is
easier etc... 950 Affect ie., attitudes (enjoymemdfivation, interest ), beliefs
(self confidence, pride, persistence, etc...), @met (joy, frustration,

impatience, etc...) and values/ ethics (mathematienacy and integrity).

Since all these factors and processes effectsptbeious problem

solving skills of students, the investigator, imsteof assessing each of these
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factors independently, made the study concise bgssing previous problem
solving ability in physics (in the area of mechahiand matched the two

experimental and control groups based on its measur
Match among the Experimental and Control groups:

Based on the scores of pre-test, the three groeps matched following the

procedure detailed below.

Step 1: Pre — test was conducted among the thtaet iclasses A, B

and C.

Step 2: The students in each class were rankeddwcgdo the scores

obtained for pre-test.

Step 3: The students in the three classes weretaseélen the order of
their pre-test scores for inclusion in as many gspusuch that the
groups were matched on the mean of pre-test sc@e®e to one
matching was not strictly followed as only 28 stoideout of 40 could
be obtained as sample in each group if attempfEldgre were 38

students in each of the three groups.

Step 4. Correlation between ranked scores of pairthe selected
groups (n=38) were determined. The following valwésPearson’s

correlation coefficient were obtained.
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Table 21

Correlation Coefficients between Pre-test Scoreshaf Three Groups of
Students

Group A Group B Group C
Group A -- -- --
Group B 0.96 -- --
Group C 0.98 0.96 --

The high values for correlation coefficient shotat the groups are

matched on their pre-test scores on problem solkiligy.

Step 5: The matched groups were then randomly ressign to PIMS (Peer
Interacting Metacognitive Strategy Group), MS (Metgnitive Strategy
Group) and Control group

Step 6: To demonstrate the match between the grbhugher, the pre-test

scores for each group subjected to ANOVA.

Table 22

Results of ANOVA of Previous Problem Solving Abdit PIMS, MS and CS
groups

Equating Variable Source of Variance SS df MS F
Between Groups 123 2 .061
Previous Problem \\upin Groups 340.658111 3.069 .020
Solving Ability
Total 340.781 113

Table 22 shows Previous Problem Solving Abilityedonot differ
significantly among PIMSN=3.58,SD=1.84), MS M=3.63,SD=1.68) and
Control M=3.66,SD=1.73) groupsk (2,111) = 0.020p> 0.05
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Results of one-way ANOVA of Previous Problem SodviAbility
revealed that students of PIMS, MS and CS groupshaving same level of
Problem Solving Ability before intervention and amffference in their
Problem Solving Ability can be attributed to thedeirvention namely Peer
Interacting Metacognitive Strategy Instruction (Exmental Treatment I),
Metacognitive Strategy Instruction (Experimental ediment 1) or

Conventional Instructional Strategy (Controll Traant).

Experimental interventions were carried out in Blléind MS groups.
Controlled interventions were carried out in cohtgroup. After the
interventions post-test and general test on proldeiving in other areas of
physics were administered in all the three groupsmgnostic test was

conducted in PIMS and MS group.
Statistical Analyses Used in the Study

The present study employed the following sta@gtitechniques to
realize the objectives set for the investigatiofhe statistical analysis were

carried out with statistical package for sociakaces (SPSS).
Tests of Normality

Normal distribution is an underlying assumption méany statistical
procedures such as t-test, regression analysis Aaradysis of Variance
(ANOVA). When the normality assumption is violatadierpretations and
inferences may not be reliable or valid. The prestndy employs three
common procedures namely, graphical method (hiatogr Box-plots, and
Q-Q plots), numerical methods (Skewness and Kigf@sid formal normality

test (Shapiro-Wilk test).
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Shapiro-Wilk test is most suitable for small saenplze (Shapiro &
Wilk, 1965). It is able to detect departures fromrmality due to either
Skewness or Kurtosis, or both (Althouse, Ware, &réie 1998). It is a
preferred test because of its good power propeftitssades & Pala, 2003).
The value of Shapiro-Wilk test statistic (S-W) libstween zero and one.
Small values of S-W leads to the rejection of nditmavhere as a value of

one indicates normality of the data.
Test for Homogeneity

Levene’s test is an inferential statistic usedagsess the equality
(homogeneity) of variances for a variable calculdta two or more groups.
Statistical procedures like ANOVA and Test of Sfgraince of Differences
between Means assumes that variances of the pmmdafrom which
different samples are drawn are equal. Levenetsatesesses this assumption.
If the resulting F-value of Levene’s test is lelsart some significance level
(typically .05), the obtained differences in sampéiances are unlikely to
have occurred based on random sampling from a ptpaol with equal

variances (Levene, 1960).

Therefore the F-value of Levene’s test should Fasg@nificance level
greater than .05, for the differences between meabs homogeneous. Even
if the variances between means are not homogenewiead of Fisher’'s F,
Welch F can be computed for making inferences (heBarrett, & Morgan,
2005).

Correlation Analysis

The present study was conducted with three intltsroom groups

for practical reasons. Therefore in order to matielh groups before the



192 METACOGNITIVE STRATEGY INSTRUCTION ON PHYSICS PROBLEM S®ING

treatment, a variable namely previous problem sghability in physics (pre-
test) was introduced. The students were then raakedrding to the scores

and their correlation was computed.

Correlation is the relationship between two or enpaired variables or
two or more sets of data. The degree of relatignshi measured and
represented by the coefficient of correlation. Thest often used and most
precise coefficient of correlation is the PearsoodBct Moment Correlation
denoted by the symbol ‘r'. Pearson Product Momemt&ation was used to
find out the degree of relationship between theblenm solving ability in

physics and the use of Metacognitive strategiesmdyroblem solving.

Verbal Interpretation of ‘r was done accordinghe method provided
by Garrett (1937). The coefficient of correlatioetWween two variables is
described as ‘high’, ‘marked’ or ‘substantial’, Wwoor ‘negligible’ depending

upon the numerical index of ‘r’.
The interpretation is as shown below.

I ‘r from 0.00 to £0.20 — denotes indifferent or figiple relationship.
. ‘r' from £0.20 to £0.40 — denotes low or slightagbnship.
iii. ‘r' from +0.40 to £0.70 — denotes substantial orkea relationship.

V. ‘r from +0.70 to £1.00 — denotes high to very higdtationship.

One-way ANOVA

One-way Analysis of Variance was used to compaxeheof the

following variables.

. Previous Problem Solving Ability

. Analogical Problem Solving Ability
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. Problem Solving Skills in Physics

. Use of Metacognitive Strategies in Problem Solving

These variables were compared between each tvth&xperimental

Groups (PIMS and MS groups) and the Control Gr@ group).
In this case the critical ratio is

F = MSS/MSSy
= (SS/dfg) / (SSV/dfw)
(Best & Kahn, 2006)
Where,
MSS — Mean sum of squares between groups
MSSy — Mean sum of squares within groups
S — Sum of squares between groups
SSy — Sum of squares within groups
dfg = n-1, degrees of freedom between

dfyy = N-n, degrees of freedom within

The significance of an F ratio was assessed wittrence to the Table
of F with (n-1, N-n) degrees of freedom for eith@ or .01 level of

significance.

If, for a required level of significance the valoletained for F is higher
than the table value of F, then the difference betwgroup means was said to

be significant for the level of significance of ttest.

As the F value was significant in the case of ezdhe variables,

* Analogical Problem Solving Ability
» Problem Solving Skills in Physics
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» Use of Metacognitive Strategies in Problem Solving

between each of the two Experimental groups (PIM&MS groups) and the
Control group (CS group), the test of significaméeneans was used to find

out where the difference lies among the groups.

Test of Significance of Difference between Means for Small

Independent Samples

Test of significance of difference between meaas wsed to compare
the dependent variables namely, Analogical Probfeaoiving Ability in
Physics (post-test), General Problem Solving Skills Physics and
Component Skills in Problem Solving between the t#xperimental and

Control groups.
Effect Size

Recent studies with testing of statistical sig@fice provide
information about effect size along with statistisggnificance (American
Psychological Association, 2001; Kline, 2004; Wil&on and the Task Force
on Statistical Inference, APA Board of Scientififfdirs, 1999). Effect size is
seen as much more essential than significance, mady international
journals have insisted that statistical significabe escorted by indications of
effect size (Capraro & Capraro, 2002; Olejnik & ilg,2000; Thompson,
2002).

An effect size is simply a way of quantifying tbéference between

two groups (Coe, 2000). In the present study drimis

. How much is the effect of Peer Interacting Metactigm Strategy

Instruction on Analogical Problem Solving Abilitynd Problem
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Solving Skills in Physics compared to the Converdloinstructional

Strategy and

. How much is the effect of Metacognitive Strategysttaction on
Analogical Problem Solving Ability and Problem Saely Skills in

Physics compared to the Conventional Instructi®@tedtegy

. How much is the effect of Peer Interacting Metactigm Strategy
Instruction on Analogical Problem Solving Abilit{yroblem Solving
Skills in Physics and Use of Metacognitive Stragsgin Problem
Solving Compared to the Metacognitive strategyrucdion

There are several different calculations of efieze (Capiro & Capiro,
2002; Richardson, 1996)° radjusted R n?, »° Carmer’s V, Kendall's W,
Cohen’s d, and Eta. Different kinds of statistit@datments use different

effect size calculations.

In the present study, the effect size is deterthinaed interpreted
yielding the statistics Cohen’s of, andw?. Cohen’s d is determined using the
formula given by Glass, McGraw and Smith (1981).

mean of experimental group — mean of control grou
Cohen’'s d =

standard deviation of control group

Standard deviation of the control group is prdilraas the
denominator as it provides the best estimate afdstal deviation, since it
consists of a representative group of the populatdio have not been

effected by the experimental intervention (Coe,00
Cohen’s d can be interpreted as follows (Coe, 2000

0 — 0.20 = weak effect
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0.21 — 0.50 = modest effect
0.51 — 1.00 = moderate effect
> 1.00 = strong effect.

The effect size indexy? was worked out using SPSS. In SPSS, it is given as

‘partial n”. The value of partial® can be interpreted as follows.

0.01 = a very small effect
0.06 = a moderate effect

0.14= a very large effect (Cohen, 1988).

Further it can be inferred that ‘partig x100 percent of the variance

in the Dependent Variable can be accorded to tiieg@ndent Variable.

Another less biased effect size measure that givesore accurate
representation of the relationship between the gaddent Variable and

Dependent Variable is®. It can be calculated using the equation,

_ 508, — (k— 1)MS,,
~ S50S.+ MS,

2

ia)

Where, SO§— Sum of Squares between groups
MS,, — Mean Squares within groups
SOS - Total Sum of Squares

k — Number of groups under comparison

Moreover it can be more accurately inferred th&t 100 percent of
the variance in the Dependent Variable can be decoto the Independent

Variable.
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Multiple Regression Analysis

Multiple regression is a statistical tool thatoals the examination of
how multiple independent variables are related de@endent variable. In the
present study multiple regression analysis was tsedamine how much did
the post intervention strategies, ie., Use of Megadive strategies contribute

to Problem Solving Skills in Physics of the two exmental groups.

Multiple correlations (R) is the correlation besmethe actual scores
and the scores predicted by two or more independanébles. It is more
suitable for determining the percentage of variasfdbe predicted scores that
can be examined by the predictor§isRthe percentage of the variance of the
predicted (dependent) variable that is due to,xptagned by the combined

predictor (independent) variables.

All statistical computations were made using SB&8vare.
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* Préliminary Analysis
o Indices of
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» Effectiveness of Metacognitive Strategy | nstruction on Problem
Solving Skillsin Physics
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» Problem Solving Skills in Physics
of Higher Secondary School Students in Physics
o Effect of Peer Interaction on the Use of Metacaygait
Strategies in Problem Solving of Higher Secondatyo8|
Students in Physics
o Relative Efficacy of the Four Component Skills etdd¢ognitive

Strategy on Problem Solving Skills in Physics.
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The purpose of the present study is to examine Hffect of
Metacognitive Strategy Instruction on Problem SaiviSkills in Physics
among Higher Secondary School Students. The desiga for the study was
Non-equivalent Pre-test Post-test Control Grougife The collected data
was analyzed using the statistical techniques ngndelalysis of Variance,
Test of Significance of Difference between Mean#ipfved up by Effect Size

and Multiple Regression Analysis.
Preliminary Analysis

To find out the important statistical indices okasures of central
tendency, measures of dispersion and distributibrthe variables viz.,
Previous Problem Solving Ability, Analogical ProbleSolving Ability,
Problem Solving Skills in Physics, and Use of Metautive Strategies in
Problem Solving were calculated. Comparability loé twistribution of the
scores of these variables to a normal distributvas further tested in terms of
Shapiro-Wilk statistic. The results of these pratiany analyses done are
presented in four sub-—sections, corresponding &o fdur variables viz.,
Previous Problem Solving Ability, Analogical ProbleSolving Ability,
Problem Solving Skills in Physics, and Use of Metautive Strategies in

Problem Solving.
Indices of Distribution of Previous Problem Solving Ability

The important statistical indices viz., mean, meadimode, standard
deviation, skewness, kurtosis of the control vdeaPrevious Problem

Solving Ability were compared for each of the twapErimental groups
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(PIMS group and MS group) and the Control Group @€&up). These are
presented in Table 23.

Table 23

Indices of Previous Problem Solving Ability of HeghSecondary School
Students in Physics

Groups Mean Median Mode SD SkewnessSE Kurtosis SE

PIMS 385 4 4 1.84-.27 .38 -.35 .75
MS 3.63 4 3 1.68-.17 .38 -.57 75
Control 3.66 4 4 1.73-.43 .38 -.26 75

Table 23 reveals the following. Mean (3.84), madi), and mode (4)
of Previous Problem Solving Ability in PIMS groupeanearly equal. The
indices of skewness (-.285E=.38) and kurtosis (-.35SE=.75) indicate
slightly negatively skewed, platy kurtic distriboti of Previous Problem
Solving Ability in PIMS group. Likewise, mean (3)63nedian (4), mode (3)
of Previous Problem Solving Ability in MS are ngadqual. The skewness
(-.17,SE=.38) and kurtosis (-.58E=.75) indicate slightly negatively skewed,
platy kurtic distribution of Previous Problem Salgi Ability in MS group.
Similarly, mean (3.66), median (4), mode (4) of Wwvas Problem Solving
Ability in control group are nearly equal. The skess (-.43SE=.38) and
kurtosis (-.26,SE=.75) indicate slightly negatively skewed, platyrti
distribution of Previous Problem Solving Ability rontrol group. The ratio
between skewness and its standard error, and #@tatebn kurtosis and its
standard error are less than 1.96 for each of tbepg, PIMS, MS, and
control. Therefore it can be concluded that thdrifistion of scores for

Previous Problem Solving Ability in physics of eachthe groups, PIMS,
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MS, and control are normal at 95percent confidg@m, 2013). Table 23
further shows that the mean scores for Previoubl&mo Solving Ability for
the three groups, PIMS (M =3.58), MS (M=3.63), Goht(M=3.66) are

almost equal.

The nearly equal mean scores indicate the matebng the three
groups on problem solving ability in physics befdfee intervention as
reported in methodology ‘Previous Problem Solvingiliy does not differ
significantly among PIMSM=3.58,SD=1.84), MS M=3.63,SD=1.68) and
Control M=3.66,SD=1.73) groupskF (2,111) = 0.020p> .05.

To further assess the normality and homogeneityasiance of the
distribution of scores of Previous Problem Solvibility in physics for
PIMS, MS, and control group, Shapiro-Wilk test foormality and Levene
test for homogeneity was done. The results of thests are summarized in

Table 24

Table24

Indices of Normality of Distribution (Shapiro-WilkStatistic) and
Homogeneity of Variance (Levene Statistic) of Rnesi Problem Solving
Ability in Physics of Higher secondary School Shige

Groups Shapiro-Wilk statistic (S-W) df Levene statisticdf, df;

PIMS .95 38
MS .96 38 A1 2 111
Control .94 38

From Table 24, the Shapiro-Wilk statistic of noliya (S-WE.95,
df=38, p>.05) suggest that normality was a reasonable agsumior
Previous Problem Solving Ability in physics of PIMBoup. Similarly the
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Shapiro-Wilk statistic of normality S-W£.96, df=38, p>.05) suggest that
normality was a reasonable assumption for Previtvoblem Solving Ability
in physics of MS group. The Shapiro-Wilk statistit normality S-W£.94,

df=38, p>.05) suggest that normality was a reasonable assumior

Previous Problem Solving Ability in physics of camit group. Also for
Previous Problem solving Ability, the variances &erqual for the three
groups namely, PIMS, MS, and control, F (2,111)174>.05. Therefore it
can be concluded that the distribution of scorePrefvious Problem solving
Ability in Physics for the three groups, PIMS, M&d control group are

normal, and the variances among the three grogpls@anogeneous.

In addition to the indices of distribution provaden Table 23 and
Table 24, Figure 6 shows histograms of the distidouwith a normal curve
which best fit on it, box-plots, and Q-Q plots #@revious Problem Solving
Ability in physics among the three groups, namelyl® MS, and control
group. Figure 6 further visually compare PreviousbRem Solving Ability in
Physics among the three groups and demonstratesnthmality of

distribution.
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Figure 6. Histograms with the normal curve which best fit them, Box-
plots, and Normal Q-Q plots of the distributionsobres of Previous Problem
Solving Ability in PIMS, MS and Control (CS) groups
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Figure 6 demonstrates the distribution of scorfeBrevious Problem
Solving Ability of the three groups, PIMS, MS, aodntrol, as indicated by
the indices of skewness and kurtosis. Figure Ghé&urshow the normality of
distribution for Previous Problem Solving Abilityr iphysics of the three
groups as indicated by their Shapiro-Wilk statistidearly bell shaped
distribution in the histograms of PIMS, MS and eohgroups for Previous

Problem Solving Ability further evidence the asstiop of normality.

Figure 6 also shows box-plots that are symmetrih wedian line in
approximately the centre of the box and with symiimethiskers longer than
the subsections of the center box suggests thactires of Previous Problem
Solving Ability in physics have a normal distribori for each of the groups
(PIMS, MS, and control). The quintile- quintile Eo(Q-Q plots) for each
group shows that the scores for Previous ProblelvirgpoAbility in physics
fit the normal distribution. Though two points iaah group appear not to fit
on the normal, they do not deviate much from themab and need not be

considered as outliners.

In short as revealed by indices of Skewness, kigtdShapiro-Wilk
statistic, Levene statistic, histograms, box-ploend Q-Q plots the
distribution of scores of Previous Problem solvidglity in Physics for the
three groups, PIMS, MS, and control group were @abrand the variances

among the three groups were homogeneous.
I ndices of Analogical Problem Solving Ability

The important statistical indices namely., meanedian, mode,
standard deviation, skewness, and kurtosis, of dleeendent variable

Analogical Problem Solving Ability were computedr feach of the two
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Experimental groups (PIMS group and MS group) d&edGontrol Group (CS

group). These are presented in Table 25.

Table 25

Indices of Analogical Problem Solving Ability ofgder Secondary School
Students in Physics

Groups Mean Median Mode SD SkewnessSE Kurtosis SE

PIMS 9.89 10 12 3.37-.33 .38 -.88 .75
MS 9.16 10 10 2.46-.49 .38 -.49 75
Control 6.03 6 6 1.911.02 .38 2.13 75

Table 25 reveals that mean (9.89), median (10)dem¢l2) of
Analogical Problem Solving Ability in PIMS are ngaequal. The skewness
(--33,SE=.38) and kurtosis (-.8&E=.75) indicate slightly negatively skewed,
platy kurtic distribution of Analogical Problem Sailg Ability in PIMS
group. Likewise, mean (9.16), median (10), modg (fCAnalogical Problem
Solving Ability in MS are nearly equal. The skewsgs.49, SE=.38) and
kurtosis (-.49,SE=.75) indicate slightly negatively skewed, platyrtiu
distribution of Analogical Problem Solving Abilityw MS group. Similarly,
mean (6.03), median (6), mode (6) of AnalogicaldRkrn Solving Ability in
control group are nearly equal. The skewness (1SE2,38) and kurtosis
(2.13, SE=.75) indicate highly positively skewed, lepto kardlistribution of
Analogical Problem Solving Ability in control grouft can also be seen that
the mean scores of Analogical Problem Solving Apilor the experimental
groups, PIMS M=9.89, SD=3.37) and MS NI=9.16, SD=2.46) groups is
higher than that for the Control groupM#£6.03, SD=1.91) after the

intervention. The ratio between skewness and asdsird error, and that
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between kurtosis and its standard error are less th96 for each of the
groups, PIMS, and MS. Therefore it can be conclutiatlthe distribution of
scores for Analogical Problem Solving Ability in ydics of each of the
groups, PIMS, and MS are normal at 95percent centid (Kim, 2013).
While the ratio between skewness and its standawt, eand that between
kurtosis and its standard error are more than tb®6éontrol group. Therefore
it can be concluded that the distribution of scdi@sAnalogical Problem
Solving Ability in physics of the control group ot normal. Further the
mean scores of Analogical Problem Solving Abilitgr fPIMS (M=9.89,
SD=3.37) and MS NI=9.16, SD=2.46) are almost equal in spite of the

difference in treatment given to the two groups.

To further assess the normality and homogeneityaofance of the
distribution of scores of Analogical Problem SotyiAbility in physics for
PIMS, MS, and control group, Shapiro-Wilk test foormality and Levene
test for homogeneity was done. The results of thests are summarized in
Table 26.

Table 26

Indices of Normality of Distribution (Shapiro-WilkStatistic) and
Homogeneity of Variance (Levene Statistic) of Agiall Problem Solving
Ability in Physics of Higher Secondary School Sisle

Groups  Shapiro-Wilk statistic (S-W) df Levene @i df; df,

PIMS .95 38

MS .94 38 8.96 2 111

Control .89 38
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From Table 26, the Shapiro-Wilk statistic of noliya (S-WE.95,
d=38, p>.05) suggest that normality is a reasonable assampftor
Analogical Problem Solving Ability in physics of RE group. Similarly the
Shapiro-Wilk statistic of normality S-W£.94, df=38, p>.01) suggest that
normality is a reasonable assumption for Analogirablem Solving Ability
in physics of MS group. The Shapiro-Wilk statistit normality &-W£.89,
df=38, p<.01) suggest that Analogical Problem Solving Apiiith physics of
control group did not have a normal distributiorable 26 also reveals that
the variances of Analogical Problem solving Abilityere significantly
different for the three groups namely, PIMS, MSd aontrol, F (2,111)
=8.96, p<.01. Therefore it can be concluded that the digtidm of scores of
Analogical Problem solving Ability in Physics fdrd two groups (PIMS, and
MS) were normal, but for control group, the digttion of scores of
Analogical Problem solving Ability in Physics detga significantly from
normal. Further the variances among the three grémpAnalogical Problem
solving Ability in Physics were not homogeneous.eidfore instead of
Fisher's F, Welch’'s F was reported to find the effef Metacognitive
Strategy Instruction on Analogical Problem Solvglity in Physics among

Higher Secondary school students.

In addition to the indices of distribution provitden Table 25 and
Table 26, Figure 7 shows histograms of the distidouwith a normal curve
which best fit on it, box-plots, and Q-Q plots fanalogical Problem Solving
Ability in physics among the three groups, namelyl® MS, and control
group. Figure 7 further visually compare AnalogiPabblem Solving Ability
in Physics among the three groups and demonsti@egsresence or absence

of normality of distribution.
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Figure 7. Histograms with the normal curve which best fit them, Box-
plots, and Normal Q-Q plots of the distribution sdores of Analogical
Problem Solving Ability in PIMS, MS and Control (E§roups.
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Figure 7 demonstrates the distribution of scofeAnalogical Problem
Solving Ability of the three groups, PIMS, MS, aodntrol, as indicated by
the indices of skewness and kurtosis. Figure héurshow the normality of
distribution for Analogical Problem Solving Abilitin physics of the three
groups as indicated by their Shapiro-Wilk statistidearly bell shaped
distribution in the histograms of PIMS and MS fonalogical Problem
Solving Ability further evidence the assumptiomairmality.

Figure 7 also shows box-plots that are symmetribh wedian line in
approximately the centre of the box and with symiimethiskers longer than
the subsections of the center box suggests thats¢tbees of Analogical
Problem Solving Ability in physics have a normadtdbution for each of the
groups (PIMS, and MS). It can also be seen thattbdian of the control
group lies much below that for the PIMS and MS g@rotlihis suggests that
the median of Analogical Problem Solving Ability physics for the PIMS
and MS group may be significantly higher than fieathe control group. The
quintile- quintile plots (Q-Q plots) for PIMS and Svigroup shows that the
scores for Analogical Problem Solving Ability in ysics fit the normal
distribution. Though three points in each group esgspnot to fit on the
normal, they do not deviate much from the normal a@ed not be considered
as outliners. Whereas, the Q-Q plot for the corgrolp shows two outliners,

deviating significantly from the normal.

In short as revealed by indices of Skewness, kigtdShapiro-Wilk
statistic, histograms, box-plots, and Q-Q plotg thstribution of scores of
Analogical Problem solving Ability in Physics fdne two groups, PIMS and
MS group were normal, while that for the controbgp was not normal. In

addition, Levene test for homogeneity shows that thriances among the
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three groups were not homogeneous, necessitating ctimputation of
Welch’'s F for the determination of effect of Metgodive Strategy
Instruction on analogical Problem Solving Ability physics among Higher

Secondary school students.
Indices of Problem Solving Skillsin Physics

The important statistical indices viz., mean, meadimode, standard
deviation, skewness, kurtosis of the dependentaliki Problem Solving
Skills in Physics were compared for each of the &perimental groups
(PIMS group and MS group) and the Control Group @€&up). These are
presented in Table 27.

Table 27

Indices of Problem Solving Skills in Physics of kéig Secondary School
Students

Groups Mean Median Mode SD Skewness SE Kurtosis SE

PIMS 8.16 8.5 10 2.64 -.30 .38 -.94 75
MS 7.21 8 8 2.18 .04 .38 -.64 75
Control  4.87 5 6 1.98 -.21 .38 .99 75

Table 27 shows that mean (8.16), median (8.5),en{@@) of Problem
Solving Skills in Physics in PIMS are nearly equéhe skewness (-.30,
SE=.38) and kurtosis (-.946E=.75) indicate slightly negatively skewed, platy
kurtic distribution of Problem Solving Skills in f$ics in PIMS group.
Likewise, mean (7.21), median (8), mode (8) of RrobSolving Skills in
Physics in MS are nearly equal. The skewness @B#,38) and kurtosis
(-.64, SE=.75) indicate slightly positively skewed, platyrka distribution of
Problem Solving Skills in Physics in MS group. Sarly, mean (4.87),
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median (5), mode (6) of Problem Solving Skills inyBics of control group
are nearly equal. The skewness (-.3E=.38) and kurtosis (-.995E=.75)
indicate slightly negatively skewed, platy kurtiestdbution of Problem
Solving Skills in Physics in control group. It isa evident from the table that
the mean scores of Problem Solving Skills in Phe/sscdifferent for all the
three groups namely, PIM$E8.16,SD=2.64), MS M=7.21,SD=2.18), and
Control (M=4.87, SD=1.98) groups. It is the highest for PIM#<8.16,
SD=2.64) and least for ControME4.87,SD=1.98) group. The ratio between
skewness and its standard error, and that betwesdnosis and its standard
error are less than 1.96 for each of the group®|SPIMS, and control.
Therefore it can be concluded that the distributadnscores for Problem
Solving Skills in Physics of each of the groupsviB| MS, and control are

normal at 95percent confidence (Kim, 2013).

To further assess the normality and homogeneityasfance of the
distribution of scores of Problem Solving SkillsRhysics for PIMS, MS, and
control group, Shapiro-Wilk test for normality andevene test for

homogeneity was done. The results of these testsuanmarized in Table 28.

Table 28

Indices of Normality of Distribution (Shapiro-WilkStatistic) and
Homogeneity of Variances (Levene statistic) of Rnmb Solving Skills in
Physics of Higher secondary School students

Groups  Shapiro-Wilk statistic (S-W) df Levene @i df; df;

PIMS .94 38

MS .96 38 2.64 2 111

Control .94 38
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From Table 28, the Shapiro-Wilk statistic of noliya (S-WE.94,
d=38, p>.01) suggest that normality was a reasonable adsamior
Problem Solving Skills in Physics of PIMS groupm8arly the Shapiro-Wilk
statistic of normality $-W£.96, df=38, p>.05) suggest that normality was a
reasonable assumption for Problem Solving Skill$hrysics of MS group.
The Shapiro-Wilk statistic of normality5¢We.94, df=38, p>.01) suggest that
normality was a reasonable assumption for Problelwvir® Skills in Physics
of control group. Also for Problem Solving Skills Physics, the variances
were equal for the three groups namely, PIMS, M$d aontrol,
F (2,111) =2.64, ».05. Therefore it can be concluded that the digtiam of
scores of Problem solving Skills in Physics for theee groups, PIMS, MS,
and control group were normal, and the variancesngnthe three groups

were homogeneous.

In addition to the indices of distribution provitden Table 27 and
Table 28, Figure 8 shows histograms of the distidouwith a normal curve
which best fit on it, box-plots, and Q-Q plots f@roblem Solving Skills in
physics among the three groups, namely PIMS, M& cantrol group. Figure
8 further visually compare Problem Solving SkitsRhysics among the three

groups and demonstrates the normality of distrdouti
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Figure 8 demonstrates the distribution of score®roblem Solving
Skills in Physics of the three groups, PIMS, MSJ aontrol, as indicated by
the indices of skewness and kurtosis. Figure &éurshow the normality of
distribution for Problem Solving Skills in physicd the three groups as
indicated by their Shapiro-Wilk statistic. Nearlglbshaped distribution in the
histograms of PIMS, MS and control groups for PeablSolving Skills in

physics further evidence the assumption of normalit

Figure 8 also shows box-plots that are symmetrith wedian line in
approximately the centre of the box and with symiimethiskers longer than
the subsections of the center box suggest thasabees of Problem Solving
Skills in Physics have a normal distribution forckeaf the groups (PIMS,
MS, and control). It can also be seen that the amedf the control group lies
much below that for the PIMS and MS group. Thisgasgs that the median
of Problem Solving Skills in Physics for the PIM8daMS group may be
significantly higher than that for the control gpotrhe quintile- quintile plots
(Q-Q plots) for each group shows that the scores’foblem Solving Skills
in Physics fit the normal distribution. Though avf@oints in each group
appear not to fit on the normal, they do not deviatich from the normal and

need not be considered as outliners.

In short as revealed by indices of Skewness, igtdShapiro-Wilk
statistic, Levene statistic, histograms, box-ploend Q-Q plots the
distribution of scores of Problem solving Skills Fhysics for the three
groups, PIMS, MS, and control group were normat| #re variances among

the three groups were homogeneous.
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I ndices of the Use of M etacognitive Strategiesin Problem Solving

The important statistical indices viz., mean, meadimode, standard
deviation, skewness, kurtosis of the dependenabbriUse of Metacognitive
Strategies in Problem Solving were compared forhead¢ the two
Experimental groups (PIMS group and MS group). €hase presented in
Table 29.

Table 29

Indices of the Use of Metacognitive Strategies nioblem Solving of Higher
Secondary School Students in Physics

Groups Mean Median Mode SD Skewness SE Kurtosis SE

PIMS 12.29 13 15 4.46 -.68 .38 -.16 .75
MS 9.58 9 12 3.39 -.37 .38 -.33 .75

Table 29 shows that mean (12.29), median (13),enf®8) of the Use
of Metacognitive Strategies in Problem Solving itMB group are nearly
equal. The skewness (-.68E=.38) and kurtosis (-.16SE=.75) indicate
slightly negatively skewed, platy kurtic distribati of the Use of
Metacognitive Strategies in Problem Solving in PIgt8up. Likewise, mean
(9.58), median (9), mode (12) of the Use of Metaitbge Strategies in
Problem Solving in MS group are nearly equal. Thkewsess (-.37SE=.38)
and kurtosis (-.33SE=.75) indicate slightly negatively skewed, platyrtiku
distribution of Use of Metacognitive StrategiesRnoblem Solving in MS
group. It is also evident from the table that theam scores of the Use of
Metacognitive Strategies in Problem Solving is eliént for the two
experimental groups namely, PIMBI£12.29,SD=4.46) ,and MS NI=9.58,

SD=3.39) groups. The ratio between skewness andaitslard error, and that
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between kurtosis and its standard error are less 196 for each of the
groups, PIMS and MS. Therefore it can be conclutiad the distribution of
scores for Use of Metacognitive Strategies in RmabBolving of each of the

groups, PIMS and MS are normal at 95percent confie€Kim, 2013).

To further assess the normality and homogeneityasiance of the
distribution of scores of the Use of Metacogniti8&rategies in Problem
Solving for PIMS and MS groups, Shapiro-Wilk testr fnormality and
Levene test for homogeneity was done. The resultdhese tests are

summarized in Table 30.

Table 30

Indices of Normality of Distribution (Shapiro-WilkStatistic) and
Homogeneity of Variance (Levene statistic) of thee Wbf Metacognitive
Strategies in Problem Solving in Physics of Higt&econdary School
Students

Groups  Shapiro-Wilk statistic (S-W) df Levene stti dfy df;

PIMS .94 38

3.47 1 74
MS 97 38

From Table 30, the Shapiro-Wilk statistic of nolitya(S-W£.94,
df=38, p>.01) suggest that normality was a reasonable asgmipr the Use
of Metacognitive Strategies in Problem Solving t¥1B group. Similarly the
Shapiro-Wilk statistic of normality S-W£.97, df=38, p>.05) suggest that
normality was a reasonable assumption for the UkeMetacognitive
Strategies in Problem Solving of MS group. Also fdre Use of
Metacognitive Strategies in Problem Solving, theareces were equal for the
two groups namely, PIMS and MB,(1,74) =3.47p>.05. Therefore it can be

concluded that the distribution of scores of thee Udf Metacognitive
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Strategies in Problem Solving for the two groupg$/® and MS are normal,

and the variances among the two groups are homogsne

In addition to the indices of distribution provaden Table 29 and
Table 30, Figure 9 shows histograms of the distigiouwith a normal curve
which best fit on it, box-plots, and Q-Q plots fie Use of Metacognitive
Strategies in Problem Solving among PIMS and MQjufa 4.4 further
visually compare the Use of Metacognitive Strategie Problem Solving

among the two groups and demonstrates the nornwdildistribution.
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Figure 9 demonstrates the distribution of scorésthe Use of
Metacognitive Strategies in Problem Solving of the groups, PIMS and
MS, as indicated by the indices of skewness antb&ist Figure 9 further
show the normality of distribution for the Use oktdcognitive Strategies in
Problem Solving in Physics of PIMS and MS groupsraicated by their
Shapiro-Wilk statistic. Nearly bell shaped disttibn in the histograms of
PIMS and MS for the Use of Metacognitive Strategres’roblem Solving

further evidence the assumption of normality.

Figure 9 also shows box-plots that are symmetrth wedian line in
approximately the centre of the box and with symmmethiskers longer than
the subsections of the center box suggests thasdbees of the Use of
Metacognitive Strategies in Problem Solving haveoamal distribution for
each of the groups (PIMS and MS). It can also lea $sleat the median of the
MS group lies much below that for the PIMS groupisTsuggests that the
median of the Use of Metacognitive Strategies iobRam Solving Skills for
PIMS group may be significantly higher than that¥tS group. The quintile-
quintile plots (Q-Q plots) for each group showst e scores for the Use of
Metacognitive Strategies in Problem Solving fit thermal distribution.
Though a few points in each group appear not torfithe normal, they do not

deviate much from the normal and need not be cersibdas outliners.

In short as revealed by indices of Skewness, KigtdShapiro-Wilk
statistic, Levene statistic, histograms, box-plod Q-Q plots the
distribution of scores of the Use of Metacogniti8&rategies in Problem
Solving for PIMS and MS group are normal, and tlagiances among the

groups are homogeneous.
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Effectiveness of M etacognitive Strategy I nstruction on Problem Solving

Skillsin Physics

The major analysis was done to test the hypothsesefor the study.
Specifically, analysis was done to test whethereths significant effect of
Metacognitive Strategy Instruction on Problem SaiviSkills in Physics
among higher secondary school students. This wasg thy examining the
level of effectiveness of the three instructionarategies namely,
Metacognitive Strategy (MS), Peer Interacting Metattive Strategy
(PIMS), and the Conventional Strategy (CS). Majoalgsis was also done
with the intention to estimate the relative effiratg of the four component
skills of metacognitive strategy namely, representine problem, planning
the solution, implementing the plan, and evaluating result, on problem

solving skills in physics.
The major analysis of the study is presentedenfélowing sections.

1) Effect of Metacognitive Strategy Instruction on Analogical
Problem Solving Ability of Higher Secondary School Students in
Physics

To answer the question, can Metacognitive Stratagiruction [Peer
Interacting Metacognitive Strategy (PIMS) Instroctiand Metacognitive
Strategy (MS) Instruction] significantly improve alogical Problem Solving
Ability of Higher Secondary School Students in Rbg?, analysis of variance
of the Analogical Problem Solving Ability in therde groups were carried

out.

Mean scores of Analogical Problem Solving Abilisgere compared

among PIMS, MS and Control (CS) groups using oneay ANOVA to
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check whether there exists any significant diffeeeamong the three groups

after the intervention. Results of ANOVA are presenn Table 31.

Table31

ANOVA of Analogical Problem Solving Ability by Lisvef Metacognitive
Strategy Instruction among Higher Secondary ScBbatlents in Physics

Source of Variance SS df MS F
Between Groups 320.65 2
L 160.32
Within Groups 777.61 111 101 22.89**
Total 1098.25 113

** indicate p<.01

Table 31 shows that the main effect of MetacogaitiStrategy
Instruction  (Peer Interacting Metacognitive  Strgteglnstruction,
Metacognitive Strategy Instruction, and Conventiateategy) on Analogical
Problem Solving Ability is significant, F (2, 111)22.89, g .01). Mean
scores of Analogical Problem Solving Ability differgnificantly among the
PIMS (M=9.89, SD=3.37), MS M=9.16, SD=2.46) and Control MiI=5.97,
SD=1.91) groups.

a) Comparison of mean scores of analogical problem solving ability

of higher secondary school studentsin physics

One — way analysis of variance revealed that Amedd Problem
Solving Ability differ significantly among the theegroups (PIMS, MS and
Control). To find out between which of these grotips difference exists and
to answer the question can Peer Interacting Metateg Strategy
Instruction develop analogical problem solving Iskil better than

Metacognitive Strategy Instruction?, test of sig@hce of difference
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between mean scores were carried out. The redulkedest of significance

of difference between mean scores are presenteahie 32.

Table 32

Comparison of Mean Scores of Analogical Problenvi8glAbility of Higher
Secondary School Students in Physics by Levelsetdddgnitive Strategy
Instruction

Groups Mean SD Skan Critical Ratio

PIMS (N=38) 9.89 3.37 .54

6.16**
Control (N=38) 6.03 1.91 31
MS (N=38) 9.16 2.46 40

6.21**
Control (N=38) 6.03 1.91 31
PIMS (N=38) 9.89 3.37 .54

1.09%
MS (N=38) 9.16 2.46 40

** indicates p<.01
NS indicates not significant

Table 32 reveals that PIMSME£9.89, SD=3.37) group shows
significantly higher levels of Analogical Problemoling Ability than
Control (M=6.03, SD=1.91) group, t(74)=6.16, p< .01. MS {1=9.16,
SD=2.46) group shows significantly higher levels ohatogical Problem
Solving Ability than Control M=6.03,SD=1.91) group(74)=6.21,p< .01.
PIMS (M=9.89,SD=3.37) and MSNI=9.16,SD= 2.46) groups did not differ
significantly on Analogical Problem Solving Abilit§(74)=1.09,p =NS

It is evident from the results that PIMS and Cohtyroups differ
significantly in the Analogical Problem Solving Aby. The significantly
higher mean scores for Analogical Problem Solvingligy of the PIMS
group suggest that Analogical Problem Solving Apilis higher in PIMS
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group than in the Control group. So it can be hbéat the students of PIMS
group solve analogical problems more than the stisdef Control group.
This further means that Peer Interacting Metacognitrategy Instruction is
more effective in developing Analogical Problem&ad Ability in Physics

than Conventional Strategy, where students areuictstd problem solving

without metacognitive monitoring.

Table 32 further shows that MS and Control grodiffer significantly
in the Analogical Problem Solving Ability. The si§oantly higher mean
scores for Analogical Problem Solving Ability ofettMS group evidence that
Analogical Problem Solving Ability is higher in M@oup than in the Control
group. So it can be held that the students of M&ugrsolve analogical
problems more than the students of Control groups Turther means that
Metacognitive Strategy Instruction is more effeetim developing Analogical
Problem Solving Ability than Conventional Strategyhere students are

instructed problem solving without metacognitivermtoring.

Table 32 in addition shows that PIMS and MS grodpsnot differ
significantly in their Analogical Problem Solvingb#ity. So it can be held
that both the PIMS and MS groups have almost theedavel of Analogical
Problem Solving Ability after the intervention, amight Peer Interaction in
Metacognitive Strategy Instruction does not makey asignificant
improvement in Analogical Problem Solving Abilityver and above

Metacognitive Strategy Instruction without Peeehattion.
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b) Effect size of metacognitive strategy instruction on analogical
problem solving ability of higher secondary school students in

physics

The comparison of means showed that the meanssobr&nalogical
Problem Solving Ability are significantly higher rfadhe two experimental
(PIMS and MS) groups than the Control group. St itonfirmed that the
experimental interventions (Peer Interacting Megmitive Strategy
Instruction and Metacognitive Strategy Instructiasiynificantly improve
Analogical Problem Solving Ability of the two expeental (PIMS and MS)
groups in comparison to the Conventional Strategiiere students are
instructed problem solving without metacognitive mtoring. Now the
guestions to be answered are ‘how much effect Pideracting
Metacognitive Strategy Instruction has on Analogi€aoblem Solving
Ability in Physics compared to the ConventionalaBgy?’ and ‘how much
effect Metacognitive Strategy Instruction has oralgical Problem Solving
Ability compared to the Conventional Strategy?’. dimsswer these questions
three indices for effect size, namely ‘Cohen ¢ and ‘o were computed.

Details of the analysis are summarized in Table 33.

Table 33

Effectiveness of Peer Interacting Metacognitiveatgtyy Instruction and
Metacognitive Strategy Instruction on AnalogicabBlem Solving Ability in
Physics of Higher Secondary School Students

Groups Mean SD Cohen  Source of SS df MS F N’ w
d Variance
Between 28433 1 284.33
CF;lrI\]/ltli)I ggg igz 2.02 Within 55455 74 7.494 37.94** 34 .33
' ' Total 838.88 75
Between 186.33 1 186.23
C(I)\f]ﬁ'0| gég ig? 1.64 Within 358.03 74 4.84 38.51* .34 .33
' ' Total 544.36 75
Between 10.32 1 10.32
P,{A'Vés g'ig g'ig 30 Within 642.63 74 868 119" .02 .02
) ) Total 652.95 75

** indicates p<.01
NS indicates no significance
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Table 33 reveals that Peer Interacting Metacognisitrategy has a
strong effect on Analogical Problem Solving Abijit€¢ohen d = 2.02.The
effect of Peer Interacting Metacognitive Strateggtiuction on Analogical
Problem Solving Ability in PIMS N1=9.89,SD=3.37) and ControlN|=6.03,
SD=1.91) groups is highly significant=(1)=37.94, p<.001.The #?(.34)
indicates a very large effect size for tReer Interacting Metacognitive
Strategy Instruction on Analogical Problem Solviglity with 34percent of
the variation in Analogical Problem Solving Abilitgetween PIMS and
Control group accorded to the Peer Interacting btegaitive Strategy
Instruction. Further effect size in termsf (.33) also shows that 33percent
of the variation in Analogical Problem Solving Abjl between PIMS and
Control group can be more accurately attributed Reer Interacting

Metacognitive Strategy Instruction.

Table 33 further reveals that Metacognitive sggtdave a strong
effect on Analogical Problem Solving Ability, Cohen= 1.64. The effect of
Metacognitive strategy Instruction on AnalogicabBlem Solving Ability in
MS (M=9.16, SD=2.46) and ControlN=6.03, SD=1.91) groups is highly
significant, F(1)=38.51,p<.001.The #* (.34) indicates a very large effect
size for the Metacognitive Strategy Instruction on AnalogicalolBlem
Solving Ability with34.2percent of the variation iAnalogical Problem
Solving Ability between MS and Control group accedd to the
Metacognitive Strategy Instruction. Further, effsite in terms ofv? (.33)
shows that 33percent of the variation in Analogieedblem Solving Ability
between MS and Control group can be more accuradiybuted to

Metacognitive Strategy Instruction.
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Table 33 further reveals that there is only moeé#sict, Cohen d=.30,
of Peer Interaction on Analogical Problem Solvingoildy of higher
secondary school students in physics. The variaitormean scores of
Analogical Problem Solving Ability in PIMSM=9.89, SD=3.37) and MS
(M=9.16, SD=2.46) groups are not significarf(1)=1.188,p=NS. In other
words Metacognitive Strategy Instruction has thmesaffect irrespective of
the class room setting. . This implies the strateggffective in enhancing
Analogical Problem Solving Ability both in the pexe and absence of peer

interaction among the students.

c) Discusson on effect of metacognitive strategy instruction on
analogical problem solving ability of higher secondary school
studentsin physics
Peer Interacting Metacognitive Strategy Instruti@md Metacognitive

Strategy Instruction without Peer Interaction haeryv strong effect on
analogical problem solving ability of higher secand school students in
physics. About one third of the improvement in agatal problem solving
ability of students can be accorded to the MetaitiwgnStrategy Instruction
in the presence or absence of Peer Interactiors. iShevidenced by the fact
that students who were taught in Metacognitive t&¢w Instruction out-
scored their counterparts who were not taught intaktegnitive Strategy
Instruction in a test on physics problems from shene content dealt in the
class room during instruction irrespective of theesence or absence of

collaborative group work.

It is also observed that there is no apprecialifference in the test
performance among those students who worked inlggnaiips and those

who worked individually in the classroom. So it cae concluded that
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Metacognitive Strategy Instruction is equally effee in enhancing content
specific problem solving ability both in collabaret class room settings and
in the absence of collaboration. Now, it's timesee whether these skills in
solving familiar problems will transfer to solvipgoblems from other areas

of physics.

1)  Effect of Metacognitive Strategy Instruction on Problem Solving
Skills of Higher Secondary School Studentsin Physics

To answer the question can Metacognitive Strategtruction [Peer
Interacting Metacognitive Strategy (PIMS) Instroctiand Metacognitive
Strategy (MS) Instruction] significantly improve ddem Solving Skills of
Higher Secondary School Students in Physics, aisalgé variance of
Problem Solving Skills in Physics in the three gremamely, PIMS, MS, and

control group were carried out.

Mean scores of Problem Solving Skills in Physicsrevcompared
among PIMS, MS and Control (CS) groups using oneay ANOVA to
check whether there exists any significance diffeeeamong the three groups

after the intervention. Results of ANOVA are presenn Table 34.

Table34

ANOVA of Problem Solving Skills by Levels of Mejaditove Strategy
Instruction among Higher Secondary School Studen@hysics

Source of Variance SS df MS F
Between Groups 217.91 2
. 108.96
Within Groups 577.71 111 £ 20 20.94**
Total 795.62 113

** indicate p<.01
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Table 34 shows that the main effect of Instruct{®eer Interacting
Metacognitive Strategy Instruction, MetacognitiveeaBegy Instruction, and
Conventional Strategy) on Problem Solving Skill€Pimysics is significant, F
(2, 111)= 20.94, v .01. Mean scores of Problem Solving Skills in Rtg/s
differ significantly among the PIMSM=8.16, SD=2.64), MS M=7.21,
SD=2.18) and ControIN=4.87,SD=1.98) groups.

a) Comparison of mean scores of problem solving skills of higher

secondary school studentsin physics

One — way analysis of variance revealed that Brot$olving Skills in
Physics differ significantly among the three gro@PeMS, MS and Control).
To find out between which of these groups this ellé#hce exists and to
answer the question can Peer Interacting Metadegn@trategy Instruction
develop problem solving skills in physics betteartiVietacognitive Strategy
Instruction?, test of significance of differencetvioeen mean scores were
carried out. The results of the test of significant difference between mean

scores are presented in Table 35.

Table 35

Comparison of Mean scores of Problem Solving Skiillsligher Secondary
School Students in Physics by Levels of Metaceogritrategy Instruction

Groups Mean SD Sd. Error Mean Critical Ratio
PIMS (N=38) 8.16 2.64 42 616+
Control (N=38) 487 1.98 .32 '

MS (N=38) 721 2.8 .35 4.90%
Control (N=38) 487 1.98 .32 '
PIMS (N=38) 8.16 2.64 42 171*
MS (N=38) 721 2.8 .35 '

** indicates p<.01
* indicates p<.05
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Table 35 reveals that PIMSME8.16, SD=2.64) group shows
significantly higher levels of Problem Solving $kiin Physics than Control
(M=4.87,SD=1.98) group{(74)=6.16,p< .01. MS M=7.21,SD=2.18) group
shows significantly higher levels of Problem Sotyi8kills in Physics than
Control (M=4.87, SD=1.98) group, t(74)=4.90, p< .01. PIMS =8.16,
SD=2.64) group shows significantly higher levels oblslem Solving skills in
Physics than MS\W=7.21,SD=2.18) groupt(74)=1.71 p< .05.

It is evident from the results that PIMS and Cohtgroups differ
significantly in the Problem Solving Skills in Phgs. The significantly
higher mean scores for Problem Solving Skills iiydtts of the PIMS group
evidence that Problem Solving Skills in Physichigher in PIMS group than
in the Control group. So it can be held that thelshts of PIMS group solve
novel physics problems more than the students otrGbgroup. This further
means that Peer Interacting Metacognitive Stratéggtruction is more
effective in developing Problem Solving Skills ihyRics than Conventional
Strategy, where students are taught problem solwitigout metacognitive

monitoring.

Table 35 in addition reveals that MS and Controbugs differ
significantly in the Problem Solving Skills in Phgs. The significantly
higher mean scores for Problem Solving Skills irydits of the MS group
evidence that Problem Solving Skills in Physichigher in MS group than in
the Control group. So it can be held that the sttgdef MS group solve novel
physics problems more than the students of cogtaip. This further means
that Metacognitive Strategy Instruction is moreeefive in developing

Problem Solving Skills in Physics than Conventidgtbhtegy.
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Table 35 in addition shows that PIMS and MS groupHer
significantly in the Problem Solving Skills in Plgs. The significantly
higher mean scores for Problem Solving Skills ilydtts of the PIMS group
evidence that Problem Solving Skills in Physichigher in PIMS group than
in the MS group. So it can be held that the stusl@ftPIMS group solve
novel physics problems more than the students of gvtsip. This further
means that Metacognitive Strategy Instruction isevedfective in developing
Problem Solving Skills in Physics that can be tfamed to other areas in

physics if done in an environment facilitating pageraction.

b) Effect size of metacognitive strategy instruction on problem

solving skills of higher secondary school studentsin physics

The comparison of means showed that the mean ssafr@roblem
Solving Skills in Physics are significantly highar the two experimental
(PIMS and MS) groups than the Control group. St itonfirmed that the
experimental interventions (Peer Interacting Megmiiive Strategy
Instruction and Metacognitive Strategy Instructiosinificantly improve
Problem Solving Skills in Physics of the two expsntal (PIMS and MS)
groups in comparison to the conventional strategyere students are taught
problem solving without metacognitive monitoringow the questions to be
answered are ‘how much the effect of Peer Intargdiletacognitive Strategy
Instruction has on Problem Solving Skills in Phgsicompared to the
Conventional Instructional Strategy?’, ‘how muck #ffect of Metacognitive
Strategy Instruction has on Problem Solving Skill®hysics compared to the
Conventional Instructional Strategy?’ and ‘how mushthe effect of Peer

Interacting on Problem Solving Skills in PhysicsPhree indices for effect
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2

size, namely ‘Cohen d'n® and ‘©* were computed. Details of the analysis

are summarized in Table 36.

Table 36

Effectiveness of Peer Interacting Metacognitiveatstyy Instruction and
Metacognitive Strategy Instruction on Problem SaviSkills in Physics of
Higher Secondary School Students

Cohen Source of

2 2
Groups Mean SD d Variance SS df MS F n w
Between 20559 1 205.59
PIMS 8.16 2.64 o
1.66 Within 401.40 74 542 37.90* .34 .33
Control 4.87 1.98
Total 606.99 75
Between 104.22 1 104.22
MS 7.21 2.18 o
1.18 Within 320.66 74 433 24.05** .24 .23
Control 4.87 1.98
Total 424.88 75
Between 17.05 1 17.05
PIMS 8.16 3.37 o
44 Within 433.37 74 5.86 2.09 .04 .02
MS 7.21 2.18
Total 450.42 75

** indicates p<.01

Table 36 reveals that Peer Interacting Metacognistrategy has a
strong effect on Problem Solving Skills in PhysiCehen d = 1.66.The effect
of Peer Interacting Metacognitive Strategy on ReoblSolving Skills in
Physics in PIMSNI=8.16,SD=2.64) and Control\=4.78,SD=1.98) groups
is highly significant,F(1)=37.90,p<.001.The #? (.34) indicates a very large
effect size for thePeer Interacting Metacognitive Strategy Instructmm
Problem Solving Skills in Physics with 34percentlod variation in Problem
Solving Skills in Physics between PIMS and Congajup accorded to the
Peer Interacting Metacognitive Strategy Instructiéurther effect size in
terms ofw? (.33) shows that 33percent of the variation in RwbSolving
Skills in Physics between PIMS and Control group ba more accurately

attributed to the Peer Interacting Metacognitive®gy Instruction.
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Table 36 further reveals the following details atihe effectiveness of
Metacognitive Strategy on Problem Solving Skillshajher secondary school
students in Physics. Metacognitive strategy hasrang effect on Problem
Solving Skills in Physics, Cohen d = 1.18. The a@on in mean scores of
Problem Solving Skills in Physics in M3€7.21, SD=2.18) and Control
(M=4.87,SD=1.98) groups is highly significarf(1)=24.05,p<.001.The #*
(.24) indicates a very large effect size for tMetacognitive Strategy
Instruction on Problem Solving Skills in Physicstiwi24percent of the
variation in Problem Solving Skills in Physics beem MS and Control group
can be accorded to Metacognitive Strategy InsouctiFurther,?® (.23)
shows that 23percent of the variation in ProblenviSg Skills in Physics
between MS and Control group can be more accuradiybuted to

Metacognitive Strategy Instruction.

Table 36 further reveals that there is only moeé#fgtict, Cohen d=.44,
on Peer Interaction on Problem Solving Skills ofH@r secondary school
students in physics. The variation in Problem SavBkills in Physics in
PIMS (M=8.16,SD=2.64) and MSNI=7.21,SD=2.18) groups is significant,
F(1)=2.09,p<.10.The #%(.04) indicates a very small effect size for theer
Interacting Metacognitive Strategy Instruction arltem Solving Skills in
Physics with only 4percent of the variation in Remb Solving Skills in
Physics between PIMS and MS group accorded to ¢ee Iateraction during
instruction. Furthero® (.02) shows that only 2percent of the variation in
Problem Solving Skills in Physics between PIMS 8418l group can be more

accurately attributed to the Peer Interaction dumstruction.



Analysis 233

c) Discusson on effect of metacognitive strategy instruction on
problem solving skills of higher secondary school students in
physics
Peer Interacting Metacognitive Strategy Instruti@md Metacognitive

Strategy Instruction without Peer Interaction haeryv strong effect on
problem solving skills of higher secondary schdallents in physics. This is
evidenced by the fact that students who were tangktietacognitive Strategy
Instruction significantly out-performed their coarpgarts who were not taught
in Metacognitive Strategy Instruction in a test physics problems from

contents that were not dealt in the class roonrmduristruction.

About 34percent of the improvement in problem savskills of
students can be accorded to the Metacognitive égtyatnstruction in the
presence of Peer Interaction and about 24percenhefimprovement in
problem solving skills in physics can be accorded/etacognitive Strategy
Instruction in the absence of peer interaction.r&he some difference in the
test performance among those students who worksohall groups and those
who worked without group interaction in the classrmo Students in the
experimental group who had group discussions (PIM$hibited more
problem solving skills in novel problem situatiotitean the students in the
experimental group who did not make group discussigMS). But the
difference in effect caused by collaborative grewgrk is very small, about

2percent.

It can be concluded that Metacognitive Strategstrurction is highly
effective in enhancing transfer of problem solviskjlls to other content
domains of physics both in collaborative and indiil class room settings.

Though small, there is an advantage of group iotema during
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Metacognitive Strategy Instruction on the transieéproblem solving skills.
Now it's time to see whether this advantage of peraction in transfer of
problem solving skills is reflected in the use oktatognitive strategies

during problem solving.

[11) Effect of Peer Interaction on the Use of M etacognitive Strategiesin

Problem Solving of Higher Secondary School Studentsin Physics

To answer the question can Peer Interaction (Fe&racting
Metacognitive Strategy (PIMS) Instruction) sign#idly effect the Use of
Metacognitive Strategies in Problem Solving of HigtSecondary School
Students in Physics?, analysis of variance of tlse Of Metacognitive

Strategy Instruction were carried out.

Mean scores of the Use of Metacognitive StrategresProblem
Solving were compared among PIMS and MS groupsgusine — way
ANOVA to check whether there exists any significanlifference among the
two groups after the intervention. Results of ANO¥re presented in Table

37.

Table37

ANOVA of the Use of Metacognitive Strategies inbRnm Solving in Physics
by Levels of Metacognitive Strategy Instruction aghddigher Secondary
School Students

Source of Variance SS df MS F
Between Groups 139.59 1
. 139.59
Within Groups 1163.08 74 8.88**
15.717
Total 1302.671 75

** indicate p<.01
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Table 37 shows that the main effect of Peer lotema on Problem
Solving Skills in Physics is significant, F (1,743-88, p< .01. Mean scores of
the Use of Metacognitive Strategies in Problem faghin Physics differ
significantly among the PIMSM=12.29, SD=4.46) and MS NI1=9.58,
SD=3.39) groups. The significantly higher mean scofes the Use of
Metacognitive Strategies in Problem Solving for FH#S group suggest that
the Use of Metacognitive Strategies in Problem faglvs significantly higher
in PIMS group than in the MS group. So it can bkl hkat the students of
PIMS group employ the steps followed during metaitdge strategy
instruction while solving physics problems morerhe students of MS
group. This further means that if Metacognitive aBigy Instruction is
provided in a class room where students work inlisgnaups, they are more

prone to follow the steps in metacognitive stragegn problem solving.

Now to answer the question ‘how much effect Pa&graction has on
the Use of Metacognitive Strategies in Problem ghSkills in Physics?’,
three indices for effect size, namely ‘Cohen ¢ and ‘o were computed.

Details of the analysis are summarized in Table 38.

Table 38

Effectiveness of Peer Interaction on the Use ofabtajnitive Strategies in
Problem Solving Skills of Higher Secondary Schoatiénts in Physics

Cohen Source of 2 2
Groups Mean SD d Variance SS df MS F n w
Between 139.59 1 139.59
PIMS 12.29 4.46
.80 Within 1163.08 74 15.72 8.88** .12 .09
MS 9.58 3.39
Total 1302.67 75

** indicates p<.01

Table 38 reveals that Peer Interaction have a mtsleffect on the

Use of Metacognitive strategies in Problem Solvi@ghen d = .80.The effect
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of Peer Interacting Metacognitive Instruction or tbse of Metacognitive
Strategies in Problem Solving in PIMM#£12.29, SD=4.46) and MS
(M=9.58, SD=3.39) groups are highly significanE(1)=8.88, p<.001.The
‘n?(.12) indicates a moderate effect size for Breer Interaction on the Use of
Metacognitive Strategies in Problem Solving witlp&&ent of the variation
in the Use of Metacognitive Strategies in Problemviag between PIMS and
MS group accorded to the Peer Interaction. Furgffilerct size in terms af?
(.09) shows that 9percent of the variation in thee Wbf Metacognitive
strategies in Problem Solving between PIMS and M&ug can be more

accurately attributed to Peer Interaction.

Discussion on effect of peer interaction on the use of metacognitive
strategies in problem solving of higher secondary school students in

physics

Peer Interaction has moderate effect on the usenetacognitive
strategies during problem solving. There is sonféemince in the use of
metacognitive strategies among those students wdr&ed in small groups
and those who worked individually in the classrodims also revealed that
students who worked collaborate used the metacegngtrategies more
fluently than their counter parts who did not wankgroups, though both the
groups were taught in Metacognitive Strategy Irettom. But only one-tenth
of the difference in use of metacognitive stratdgying problem solving can
be accorded to collaborative group work. So it barconcluded that students
acquire the component skills in problem solvingejgst in metacognitive
strategy) significantly if Metacognitive Strategystruction is done in a frame

work of peer interaction.
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Analysis reveals that Metacognitive Strategy ringion is highly
effective in enhancing transfer of problem solviskjlls to other content
domains of physics both in collaborative and indinal class room settings.
Yet, students in the experimental group who hadigrdiscussions (PIMS)
exhibited more problem solving skills in novel plei situations than the
students in the experimental group who did not lgreeip discussions (MS).
It is also found that students attain the compoms&iils in problem solving
(steps in metacognitive strategy) more noticeablyletacognitive Strategy
Instruction is done with a support of peer inte@ctTherefore to see how far
these component skills vary among the two experiategroups (PIMS and
MS groups) and to estimate the relative efficiemfythe four component
skills of Metacognitive Strategy on Problem Solvirgkills namely,
Representing the problem, Planning a solution, émgnting the plan, and
Evaluating the solution, a comparison of these ammept skills was done

among PIMS and MS groups.

V) Relative Efficiency of the Four Component Skills of Metacognitive
Strategy on Problem Solving Skills of Higher Secondary School
Studentsin Physics

To find the relative efficacy of the four ComponheS8kills of
Metacognitive Strategy in problem solving viz., Regenting the problem,
Planning the solution, Implementing the plan, d@nhluating the solution on
overall Problem Solving Skills in Physics, MultipRegression Analysis of
these four Component Skills of Metacognitive Sggtén Problem Solving
viz., Representing the problem, Planning the sohtimplementing the plan,
and, Evaluating the solution and overall Problentvigg Skills in Physics

was done. Before multiple regression analysis rigoitant statistical indices



238 METACOGNITIVE STRATEGY INSTRUCTION ON PHYSICS PROBLEM S®ING

viz., mean, median, mode, standard deviation, skewn kurtosis and
Shapiro-Wilk statistic of the four Component SkidisMetacognitive Strategy
in Problem Solving viz., Representing the probldttanning the solution,
Implementing the plan, and, Evaluating the solutieate computed for PIMS
and MS groups. The indices of skewness, kurtosid,Shapiro-Wilk statistic

was then used to analyse the normality of distiaoubf the scores for the
four component skills of metacognitive strategy groblem solving viz.,

Representing the problem, Planning the solutioplémenting the plan, and,

Evaluating the solution. The details are summariséichble 39.

Table 39

Indices of Distribution of the Four Component SKilbf Metacognitive
Strategies in Problem Solving in Physics of Higt&econdary School
Students in PIMS and MS Groups

Shapiro-
Comppnent Group Mean Median Mode SD Skewness® Kurtosis® W.'Ik. ¢
Skills statistic
(S-W)
) PIMS 3.60 4.00 400 1.3 -1.53 1.58 .68
Representing
MS 3.42 4.00 400 1.3 -.92 1.12 .88
. PIMS 3.66 4.00 5.00 1.36 -1.03 .81 .85
Planning
MS 2.66 3.00 3.00 1.60 -12 -1.05 .92
. PIMS 2.66 2.00 1.00 1.77 .15 -1.50 .86
Implementing
MS 2.00 2.00 1.00 1.04 .00 -.87 .90
. PIMS 2.26 2.00 1.00 1.48 .04 -1.07 .92
Evaluating
MS 1.53 2.00 2.00 .83 -.09 -.41 .87
°SE = .38
’SE = .75
‘df = 38

Table 39 reveals that mean (3.60), median (4&&), mode (4.00) of
the skill for Representing the problem in PIMS graare nearly equal. The
indices of skewness (-1.58E = .38) and kurtosis (1.5&E = .75) indicate

negatively skewed, lepto kurtic distribution of tlseores for the skill of
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Representing the problem in PIMS group. The ra¢itveen skewness and its
standard error is less than 1.96 indicating thatdilstribution of scores for the
skill of representing the problem in PIMS group nermal at 95percent
confidence. The ratio between kurtosis and itsdgieth error is more than
1.96 indicating that the distribution of scores fioe skill of representing the
problem in PIMS group is not normal at 95percenificence. The Shapiro-
Wilk statistic of normality (S-W=.68, df=38401) indicate that normality is
not a reasonable assumption for the skill of Repriasg the problem in
PIMS group. Likewise, mean (3.42), median (4.00)y anode (4.00) of the
skill for Representing the problem in MS group aearly equal. The indices
of skewness (-.95E = .38) and kurtosis (1.18E= .75) indicate negatively
skewed, lepto kurtic distribution of the scorestfoe skill of Representing the
problem in MS group. The ratio between skewnessitnstandard error is
more than 1.96 indicating that the distribution swfores for the skill of
representing the problem in MS group is not noraté5percent confidence.
The ratio between kurtosis and its standard egdess than 1.96 indicating
that the distribution of scores for the skill opresenting the problem in MS
group is normal at 95percent confidence. The Shapiik statistic of
normality (S-W=.88, df=38,401) indicate that normality is not a reasonable
assumption for the skill of Representing the probie MS group.

Table 39 further reveals that mean (3.66), medaf0), and mode
(5.00) of the skill for Planning the solution inNP$ group are nearly equal.
The indices of skewness (-1.&& = .38) and kurtosis (.8 BE=.75) indicate
negatively skewed, lepto kurtic distribution of tlseores for the skill of
Planning the solution in PIMS group. The ratio betw skewness and its
standard error is more than 1.96 indicating thatdlstribution of scores for

the skill of representing the problem in PIMS groigp not normal at
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95percent confidence. The ratio between kurtogisitgnstandard error is less
than 1.96 indicating that the distribution of scofer the skill of representing
the problem in PIMS group is normal at 95percemifidence. The Shapiro-
Wilk statistic of normality (S-W=.85, df=38401) indicate that normality is
not a reasonable assumption for the skill of Plagrthe solution in PIMS
group. Likewise, mean (2.66), median (3.00), andlen(3.00) of the skill for
Planning the solution in MS group are nearly equiak indices of skewness
(-.12, SE = .38) and kurtosis (-1.0%E = .75) indicate slightly negatively
skewed, platy kurtic distribution of the scores the skill of Planning the
solution in MS group. The ratio between skewnegs it standard error is
less than 1.96 indicating that the distributiorsodres for the skill of planning
the solution in MS group is normal at 95percent fickemce. The ratio
between kurtosis and its standard error is less th@6 indicating that the
distribution of scores for the skill of planningetisolution in MS group is
normal at 95percent confidence. The Shapiro-Widktistic of normality (S-
W=.92, df=38, p.01) indicate that normality is a reasonable assiamgor

the skill of Planning the solution in MS group.

Table 39 also reveals that mean (2.66), medid@®)2and mode (1.00)
of the skill for Implementing the plan in PIMS gmare nearly equal. The
indices of skewness (.15E = .38) and kurtosis (-1.5GE = .75) indicate
slightly positively skewed, platy kurtic distribat of the scores for the skill
of Implementing the plan in PIMS group. The rateiieeen skewness and its
standard error is less than 1.96 indicating thatdistribution of scores for the
skill of Implementing the plan in PIMS group is nmal at 95percent
confidence. The ratio between kurtosis and itsdgieth error is more than
1.96 indicating that the distribution of scores tioe skill of Implementing the

plan in PIMS group is not normal at 95percent atgrfice. The Shapiro-Wilk
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statistic of normality (S-W=.86, df=38<1) indicate that normality is not a
reasonable assumption for the skill of Implementimg plan in PIMS group.
Likewise, mean (2.00), median (2.00), and mode 0)1.6f the skill for
Implementing the plan in MS group are nearly eqibé indices of skewness
(.00, SE= .38) and kurtosis (-.8BE=.75) indicate non-skewed, platy kurtic
distribution of the scores for the skill of Implentg the plan in MS group.
The ratio between skewness and its standard ertess than 1.96 indicating
that the distribution of scores for the skill of plamenting the plan in MS
group is normal at 95 percent confidence. The ragitveen kurtosis and its
standard error is less than 1.96 indicating thatdistribution of scores for the
skill of implementing the plan in MS group is nodmat 95 percent
confidence. The Shapiro-Wilk statistic of normal{&-W=.90, df=38, $.01)
indicate that normality is not a reasonable assiompfor the skill of

Implementing the plan in MS group.

Table 39 reveals that mean (2.26), median (248&), mode (1.00) of
the skill for Evaluating the solution in PIMS growgpe nearly equal. The
indices of skewness (.0&E = .38) and kurtosis (-1.08E = .75) indicate
slightly positively skewed, platy kurtic distribat of the scores for the skill
of Evaluating the solution in PIMS group. The rdiietween skewness and its
standard error is less than 1.96 indicating thatdistribution of scores for the
skill of evaluating the solution in PIMS group iormal at 95percent
confidence. The ratio between kurtosis and itsdgtecherror is less than 1.96
indicating that the distribution of scores for 8giell of evaluating the solution
in PIMS group is normal at 95percent confidences Bimapiro-Wilk statistic
of normality (S-W=.92, df=38,>01) indicate that normality is a reasonable
assumption for the skill of Evaluation of solutionPIMS group. Likewise,
mean (1.53), median (2.00), and mode (2.00) ofsthik for Evaluation of
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solution in MS group are nearly equal. The indiadsskewness (-.09,
SE = .38) and kurtosis (-.415E = .75) indicate slightly negatively skewed,
platy kurtic distribution of the scores for thelskif Evaluating the solution in
MS group. The ratio between skewness and its stdredeor is less than 1.96
indicating that the distribution of scores for #giell of evaluating the solution
in MS group is normal at 95percent confidence. Tat® between kurtosis
and its standard error is less than 1.96 indicatiagthe distribution of scores
for the skill of evaluating the solution in PIMSogip is normal at 95percent
confidence. The Shapiro-Wilk statistic of normal{&§W=.87, df=38, $.01)
indicate that normality is not a reasonable assiompfor the skill of

Evaluating the solution in MS group.

Analysis for normality of the distributions of ses of each of the
component skills of metacognitive strategies in bpgm solving viz.,
Representing the problem, Planning the solutiomplémenting the plan, and
Evaluating the solution reveals that distributidnscores of each of these
component skills when taken separately in PIMS 88l group deviate
significantly from normal distribution. Thereforéhe results of multiple
regression analysis done by taking each of thesaponent skills of
metacognitive strategies in problem solving as is#pavariables may not be
generalisable to the population. Still, in orderattswer the question, which
component skills in metacognitive strategy of peobl solving viz.,
Representing the problem, Planning the solutiomplémenting the plan, and
Evaluating the solution contribute significantly ttee problem solving skills
in physics in students instructed on MetacogniBteategy, computation of
Pearson’s r for pairs of component skills of metpstive strategies in

problem solving followed by multiple regression s was done.
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To answer the question, is there a significantitpes relationship
between component skills of metacognitive strateggroblem solving viz.,
Representing the problem, Planning the solutioplémenting the plan, and,
Evaluating the solution and the overall problervisg skills in physics in
students instructed on Metacognitive Strategy{ fingler Pearson’s r were

calculated.

First order Pearson’s r between pairs of Compongkils of
Metacognitive Strategies in Problem Solving vizepResenting the problem,
Planning the solution, Implementing the plan, andl&ating the solution and
between each of these four component skills of begaitive Strategies in
Problem Solving and overall Problem Solving Skills Physics was
determined. Pair wise first order Pearson’s r betweomponent skills of
Metacognitive Strategies in Problem Solving andraadé Problem Solving

Skills in Physics are presented as an inter-cdioglanatrix in Table 40.

Table 40

Inter-correlation (Pearson’s r) Matrix of Componegkills of Metacognitive
Strategies in Problem Solving and Overall Probleoivfag Skills in Physics
among Higher Secondary School Students after Mgtatee Strategy
Instruction

Overall
. . . . . Problem
Skills Representing Planning Implementing Evaluating Solving
Skills
Representing - -- - - -
Planning .55 - -- -- -
Implementing .35 34 -- - -
Evaluating 42 .55 48 -- -
Overall
Problem .58 .66 57 .64 --
Solving Skills

Note: All the Pearson’s r s are significant, @il
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Table 40 reveals that there is significant positeerelation between
pairs of Component Skills of Metacognitive stragsgin Problem Solving
viz., Representing the problem, Planning the sohtimplementing the plan,
and Evaluating the solution. Representing the gmbland Planning the
solution are significantly correlated, r = .55;.@1. Representing the problem
and Implementing the plan are significantly coneda r = .35, g.01.
Representing the problem and Evaluating the saolume significantly
correlated, r = .42,p01. Planning the solution is significantly corteldwith
Implementing the plan, r = .34<@®1. Planning the solution is significantly
correlated with Evaluating the solution, r =.55,@l. Implementing the plan
is significantly correlated with Evaluating the swbn, r=.48, g..01. It can be
noted that Pearson’s coefficient of correlationwasn pairs of Component
Skills of Metacognitive Strategies of Problem Solyiviz., Representing the
problem, Planning the solution, Implementing thanpland Evaluating the

solution ranges between .55-.34, showing substantimarked relationship.

Table 40 also reveals that there is significansitp@ correlation
between each of the Component Skills of MetacogmiBtrategies in Problem
Solving viz., Representing the problem, Planning gblution, Implementing
the plan, and Evaluating the solution and overallbem Solving Skills in
Physics. Representing the problem is significamtyrelated with overall
Problem Solving Skills in Physics, r = .585.p1. Planning the solution is
significantly correlated with overall Problem Saigi Skills in Physics,
r = .66, p<.01. Implementing the plan is significantly cortelh with overall
Problem Solving Skills in Physics, r = .5%.01. Evaluating the solution is
significantly correlated with overall Problem Saigi Skills in Physics,
r = .64, p<.01. It can be noted that Pearson’s coefficientcofrelation

between each of the Component Skills of MetacogmiBtrategies in Problem
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Solving viz., Representing the problem, Planning gblution, Implementing
the plan, and Evaluating the solution and overallbem Solving Skills in
Physics rages between .66-.57. These correlatioashagher than that
between pairs of Component Skills of MetacognitBteategies in Problem
Solving viz., Representing the problem, Planning gblution, Implementing

the plan, and Evaluating the solution.

Now the question is which component skills in noegmitive strategy
of problem solving viz., Representing the probleéPgnning the solution,
Implementing the plan, and Evaluating the solutontribute significantly to
the problem solving skills in physics in studemtstiucted on Metacognitive
Strategy? To answer this question, multiple regoesanalysis was used to
analyze if the various Component Skills of Metadbga Strategies in
Problem Solving, namely, Representing the problBranning the Solution,
Implementing the Plan, and Evaluating the Solus@mnificantly contributed
to Problem Solving Skills in Physics. It was alsgetmined what percentage
of the variance in Problem Solving Skills among #tedents of PIMS and
MS group could be explained by the contributing @oment Skills of
Problem Solving Strategy. The results of multipbgression analysis are

summarized in Table 41.

Table41

Relative Efficiency of the Four Component Skilldetacognitive Strategies
in Problem Solving Skills in Physics of Higher Setary School Students

: Sd.
Component Skills R B Error B t r pxr
Planning the Solution 445 168 .283 2.630** .527 .149
Implementing the Plan 527 .159 319 3.310** .502 .160

Representing the 660
P 9 538 235 247 2.283* 514 127
Problem

F(3,72) = 18.56**Y p x r = R= .436
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The results of regression indicate that three amapt skills of
metacognitive strategy in problem solving viz., rifleag the Solution,
Implementing the Plan, and Representing the Prolebeptained 43.6percent
of the variance in Problem Solving Skills in Phgs{®® = .436,F (3, 72) =
18.56,p<.01) among the PIMS and MS groups. It was found ttine skill of
Planning the Solution significantly explained Peonl Solving Skills in
Physics £=.283,p<.01) as did Implementing the Plaf=(.319,p<.01) and
Representing the Probleni=<247, p<.05). Evaluating the Solution did not
contribute significantly to the variance in Probl&ualving Skills in Physics

among the PIMS and MS groups.

Discussion on relative efficiency of the four component skills of
metacognitive strategy on problem solving skills of higher secondary

school studentsin physics

Results of multiple regressions indicate that ¢benponent skills in
problem solving strategy namely, Representing thablem, Planning the
Solution and Implementing the Plan contributed i$icgmtly to the overall
Problem Solving Skills in Physics of the PIMS andSMroup. The
component skills in problem solving which was cdesed as the steps in
metacognitive problem solving strategy like Repnéisg the problem,
Planning the solution, and Implementing the plaa significant contributors
to overall problem solving skills in physics. State who showed better
performance in these component skills outperforntleeir counterparts.
While, Evaluating the solution did not contributggrsficantly to overall
problem solving skills in physics. The skill for goining the solution
contributed to 15percent of the improvement in Robsolving Skills in

Physics, the skill for implementing the plan cdmited to 16percent of the
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improvement in Problem Solving Skills in Physicaapdathe skill for
representing the problem contributed to 13percdnthe improvement in
Problem Solving Skills in Physics. The three Conguun Skills of
Metacognitive Strategies in Problem Solving togethieontributed to

44percent of the improvement in Problem SolvindISkn Physics.

Figure 10 gives a graphical view for comparisonnaein groups on
the component skills of metacognitive strategieproblem solving namely,
Representing the Problem, Planning the Solutiop/émenting the Plan, and

Evaluation of Results in PIMS and MS groups.
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Figure 10 (a) provides a graphical view of thertstion of scores of
the skill of representing the problem in PIMS an8 Bfroups. Figure 10 (a) in
addition shows that the frequency curves for the gwoups have their peak at
a score near to 4.00. The two groups have a simgaribution curve. It can
be seen that both the groups have almost equanedl the skill for
identifying explicitly the information specified drwanted in the problem and

representing them on the basis of physics pringiple

Figure 10 (b) provides a graphical view of thetrihsition of scores of
the skill for planning the solution in PIMS and M®oups. Figure 10 (b) in
addition shows that the peak of the frequency aurfiee PIMS is moved
towards right, compared to that of the MS groupittar the frequencies are
high for higher scores for the PIMS group. Majordl the students have
scored well, which means they have attained th#é &k developing an
appropriate algorithm to solve the problem in Plgi®up compared to the

MS group.

Figure 10 (c) gives a graphical view of the dizition of scores of the
skill for implementing the Plan in PIMS and MS gpsu Figure 10 (c) shows
that the peak of the frequency curves for PIMS iBved towards right,
compared to that of the MS group. Further the maxmscore attained by
students in MS group is 4.00 with a frequency ofwhjle 14 students in
PIMS group have scored above 4.00. A large numbstudents in the PIMS
group have scored maximum, which means that theg h#tained the skill
for generating the solution from the given variahie the problem following

the algorithm designed in the planning stage.
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Figure 10 (d) gives a graphical view of the dmition of scores of the
skill for evaluation of the result in PIMS and M$ogps. Figure 10 (d) in
addition shows that the distribution curves aremadr The peak value of the
curve have moved a little towards the higher ssmle for the PIMS group.
While the maximum score for Evaluation of the resuwbtained by the
students of MS group is 3.00, with a frequency oaldout 18 students in the
PIMS group have scored above 3.00. Two studentsarPIMS group have
scored the maximum. These observations reveal shatent in PIMS group
have attained a higher level of the skill for chiagkthe correctness and logic

of the obtained solution compared to the MS group.
Conclusion

Results showhat before providing Metacognitive Strategy Instion,
students of both the experimental groups (PIMS &) and those of the
control group were equivalent with respect to th@woblem solving ability

(Previous Problem Solving Ability) in Physics.

After giving Metacognitive Strategy Instruction as experimental
intervention, students of both the experimental ugsy those given
Metacognitive Strategy Instruction supplementeadiaborative group work
(PIMS group) and those not supplemented by colkia group work (MS
group) very high level of problem solving abilityn icontent specific
(Analogical Problem Solving Ability) and its traesf(Problem Solving Skills
in Physics) compared to the control group who watght by Conventional
Strategy. Thus it can be concluded that the metatiog strategy instruction
Is effective in enhancing problem solving skilleeBpective of the classroom
settings. This implies the strategy is effectivethban the presence and

absence of peer interaction among the students.
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However, students in the experimental group wha hgoup
discussions (PIMS) exhibited more problem solvikilsin novel problem
situations than the students in the experimentigmho did not have group
discussions (MS). But the difference in effect ealiby collaborative group

work was very small.

Also, the students who had collaborative groupkwout performed
their counterpart in component skills of MetacoiyeitStrategy in problem

solving, but the difference in effect was only miade.

This study further reveals that the componentsskil problem solving
which was considered as the steps in metacogmtioBlem solving strategy
like Representing the problem, Planning the sotytend Implementing the
plan are significant contributors to overall prablsolving skills in physics.
Students who showed better performance in thesepaoemt skills
outperformed their counterparts on problem solvimgPhysics. However,
Evaluating the solution did not contribute sigraintly to overall problem

solving skills in physics

In summary, the Metacognitive Strategy Instructisneffective in
enhancing Problem Solving Skills in Physics bothaincollaborative or
individual classroom setting. It is the fosterirfgcomponent skills in problem
solving like Representing the Problem, Planning tBelution, and
Implementing the Plan, which is more important tidrether the students are

working in groups or not.
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Tenability of the Hypotheses

Tenability of the hypotheses formulated for thedgtwere verified in

view of the findings and are commented below.

1. Hypothesis 1 states that “Metacognitive Stnatégstruction (Peer
Interacting Metacognitive Strategy Instruction (FBM and
Metacognitive Strategy (MS) Instruction) has sigraht effect on
analogical problem solving ability in Physics amdtigher Secondary

School students”.

Analysis of data revealed that the main effect Métacognitive
Strategy Instruction (Peer Interacting Metacogeiti8trategy Instruction,
Metacognitive Strategy Instruction, and Conventia@teategy) on Analogical
Problem Solving Ability is significant ¢ .01). Mean scores of Analogical
Problem Solving Ability differ significantly amonghe PIMS, MS, and
Control groups. Analysis of data also revealed tR8#1S group shows
significantly higher levels of Analogical Problemoling Ability than
Control group < .01) and MS group shows significantly higher lsvef
Analogical Problem Solving Ability than Control gno (p< .01).

Hence the hypothesis that “Metacognitive Stratéggtruction (Peer
Interacting Metacognitive Strategy Instruction (FAMand Metacognitive
Strategy (MS) Instruction) has significant effeah @nalogical problem
solving ability in Physics among Higher Secondamh&®l students” is

accepted.
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2. Hypothesis 2 states that “Peer Interaction etddognitive Strategy
Instruction will significantly enhance analogicakoplem solving

ability in physics among Higher Secondary Schoadlshts”.

Analysis of data reveals that PIMS and MS grodms not differ

significantly on Analogical Problem Solving Abili{p =n.s).

Hence the hypothesis that “Peer Interaction inaddegnitive Strategy
Instruction will significantly enhance analogicaloplem solving ability in

physics among Higher Secondary School studentsgétisiccepted.

3. Hypothesis 3 states that “Metacognitive Stnatégstruction (Peer
Interacting Metacognitive Strategy (PIMS) Instroati and
Metacognitive Strategy (MS) Instruction) has sigraht effect on
Problem Solving Skills in Physics among Higher $elmy School

Students”.

Analysis of data reveals that the main effect @tad¢ognitive Strategy
Instruction  (Peer Interacting Metacognitive  Strgteglnstruction,
Metacognitive Strategy Instruction, and ConventioBaategy) on Problem
Solving Skills in Physics is significant {p.01). Mean scores of Problem
Solving Skills in Physics differ significantly amgnthe PIMS, MS and
Control groups. Analysis of data also shows thaM®Igroup shows
significantly higher levels of Problem Solving $kiin Physics than Control
group p< .01) and MS group shows significantly higher lsvef Problem
Solving Skills in Physics than Control groyp<(.01).

Hence, the hypothesis that “Metacognitive Stratbgtruction (Peer

Interacting Metacognitive Strategy (PIMS) Instrocatiand Metacognitive
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Strategy (MS) Instruction) has significant effeatProblem Solving Skills in
Physics among Higher Secondary School Studentfdspted.

4. Hypothesis 4 states that “Peer Interaction irtadegnitive Strategy
Instruction will significantly enhance problem siolg skills in physics

among Higher Secondary School students”.

Analysis of data shows that PIMS group shows ficamtly higher
levels of Problem Solving skills in Physics than gr8up p< .05).

Hence the hypothesis that “Peer Interaction inddegnitive Strategy
Instruction will significantly enhance problem siolg skills in physics among

Higher Secondary School students” is accepted.

5. Hypothesis 5 states that “Peer Interaction irtddegnitive Strategy
Instruction will significantly enhance the use ofetacognitive
strategies in problem solving in physics among Mdiglsecondary

School students”.

Analysis of data reveals that the main effect ekPInteraction on
Problem Solving Skills in Physics is significank(®1). Mean scores of the
Use of Metacognitive Strategies in Problem Solvm&hysics is significantly

higher among the PIMS group than the MS group.

Hence the hypothesis that “Peer Interaction inddegnitive Strategy
Instruction will significantly enhance the use oktacognitive strategies in
problem solving in physics among Higher Secondaco8l students” is

accepted.

6. Hypotheses 6(i) to 9(ii) states that “The comgat skills in

metacognitive strategy of problem solving viz.,
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I.  Representing the problem

ii.  Planning the solution

iii.  Implementing the plan

will contribute significantly to the problem solgrskills in physics of

the PIMS group and MS group”.

Analysis of data shows that the three componenils slof
metacognitive strategy in problem solving viz., rifleng the Solution,
Implementing the Plan, and Representing the Proleeptained 43.6percent
of the variance in Problem Solving Skills in Phgs{®” = .436,F (3, 72) =
18.560,p<.01) among the PIMS and MS groups. It was found tthe skill of
Planning the Solution significantly explained Peonl Solving Skills in
Physics f=.283, p<.01; % influence =14.9) as did Implementing thenPla
(A= .319,p<.01; % influence = 16.0) and Representing the lRrabf;=.247,
p<.05; % influence =12.7).

Hence, the hypotheses that “The component skillsnetacognitive

strategy of problem solving viz.,

I Representing the problem
. Planning the solution
Iii. Implementing the plan
will contribute significantly to the problem solgrskills in physics of

the PIMS group and MS group” are accepted.

7. Hypothesis 6(iv) states that “The componentiskil metacognitive
strategy of problem solving viz., Evaluating théuson will contribute
significantly to the problem solving skills in phgs of the PIMS
group and MS group”.
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Analysis of data reveals that Evaluating the Sotudid not contribute
significantly to the variance in Problem Solvingillskin Physics among the

PIMS and MS groups.

Hence the hypothesis that “The component skillsmatacognitive
strategy of problem solving viz., Evaluating theluson will contribute
significantly to the problem solving skills in phgs of the PIMS group and

MS group” is ot accepted.
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This chapter presents the investigation in a nilitshencludes a brief
account of the various aspects of the research Jdables, objectives,
hypotheses and methodology. It also compiles thgommfandings and
illumines a final conclusion about the investigatit clarifies the educational
implications of the study and provides some sugtadlggestions for further

research.
Restatement of the Problem

“Effectiveness of a Metacognitive Strategy Instimic on Problem

solving Skills in Physics among Higher Secondarydat Students in Kerala”
Variablesin the study

The study is quasi-experimental. It employs indelemt variables,

dependent variables and control variable.
Independent Variables

Independent variables of this study are the thstmategies of

instruction, viz.,

1. Metacognitive Strategy
2. Peer Interacting Metacognitive Strategy

3. Conventional Strategy
Dependent variables

The effectiveness of the independent variablespmblem solving
skills in physics is studied. The study identifiseven dependent variables,

namely,
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1. Analogical Problem Solving Ability
2. Problem Solving Ability in Physics

3. Use of Metacognitive Strategy for Problem Solving
This has four sub variables, namely,

1 Representing the Problem Situation
2 Planning the Solution

3. Implementing the Plan
4

Evaluation of Solution

Control variable

All the three groups were matched based on thevi®us Problem
Solving Ability. Hence the control variable in th&tudy is the previous

problem solving ability of pupils.
Hypotheses Tested
This study tested the following hypotheses;

1. Metacognitive Strategy Instruction (Peer InteragtiNetacognitive
Strategy Instruction (PIMS) and Metacognitive Sigy (MS)
Instruction) has significant effect on analogicedlem solving ability
of Higher Secondary School students in Physics.

2. Peer Interaction in Metacognitive Strategy Instarcwvill significantly
enhance analogical problem solving ability in phgsamong Higher
Secondary School students.

3. Metacognitive Strategy Instruction (Peer InteragtiNetacognitive

Strategy (PIMS) Instruction and Metacognitive Sigyt (MS)



Summary 259

Instruction) has significant effect on Problem SadvSkills of Higher
Secondary School Students in Physics.

4. Peer Interaction in Metacognitive Strategy Instarcwvill significantly
enhance problem solving skills in physics amonghdigSecondary
School students.

5. Peer Interaction in Metacognitive Strategy Instiarcwvill significantly
enhance the use of metacognitive strategies inlgmolsolving in
physics among Higher Secondary School students.

6. The component skills in metacognitive strategy ofbjem solving
Viz.,

I Representing the problem

. Planning the solution

iii. Implementing the plan and

\Y2 Evaluating the solution

will contribute significantly to the problem solgrskills in physics of

the PIMS group and MS group.
M ethodol ogy

The study is quasi-experimental. It employed a{&quivalent Pre-test
Post-test Control Group design to test the effectss of a metacognitive
strategy instruction on the problem solving skilisphysics among higher
secondary school students of Kerala. This involtlesl development of the
instructional strategy, teaching three units in gty using this instructional
strategy, instructing the strategy directly to thidents and testing its

effectiveness.



260 METACOGNITIVE STRATEGY INSTRUCTION ON PHYSICS PROBLEM S®ING

Design of the Study

Non-equivalent pre-test post-test control grougigte

G, . O, X1 0407049
G, : O, X5 0505014
Gs . O; C; OOy

01, O, and Q are the Pre-tests on the dependent variable [Busvi

Problem Solving Ability in Physics]

O; Os and @ are the Post-tests, The Test on Analogical Problem

Solving Ability in Physics.

07, O8 and O9 are the Post-tests, The Test onémoBblving Skills

in Physics.

010 and O11 are the Post-tests, The Test on Uddetdcognitive
Strategies in Problem Solving, involving Componeskills
(representing the problem, planning the solutionplementing the

plan, evaluating the solution)

G, is the First Experimental Group (PIMS group)
G, is the Second Experimental Group (MS group)
Gs is the Control Group

X1 is the Application of First Experimental Treatmé@Reer Interacting

Metacognitive Strategy)

X, is the Application of Second Experimental Treatimen

(Metacognitive Strategy)
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C, is Application of Control Treatment (Conventioi&tategy)

All the three groups are matched based on thewipus problem

solving ability.
Samplefor the Present Study

Higher Secondary School Studnets of Kerala coraghe population
of the study. Out of the fourteen districts in &er Kozhikode district was
randomly selected for the study. Three Higher 8daoy Schools with
students of comparable socio-economic status amdatidnal background
were choosen from Kozhikode district. These wexrw&k Higher Secondary
School, Farook College; Government Ganapath Vogalibligher Secondary
School, Feroke; and Government Vocational Higheco8Sdary School,

Cheruvannur.
Sample used for standardization of tools

Out of three schools, two schools namely Faroafhkli Secondary
School and Government Ganapath Vocational Higheos#ary School were
randomly assigned for providing sample for stanidattbn of tools. Each of
these schools had four grade 11 classes. There aveund 50 students in
each of these eight classrooms. From among th# elgsses, three classes
were randomly selected as standardization samnipléhese three classes two
(out of four) were from Government Ganapath VocaaldHigher Secondary
School and one class was (out of four) from Farébgher Secondary
School. In these three classes same tests wereyadp Out of around 150
students who were administered the test, 112 stsidgave data which was
complete in all respects. Therefore these 112esiigdwere used as sample

for standardization of tests.
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Sample used in experiment

For conducting experiment, Government Vocationghidr Secondary
School, Cheruvannur was randomly choosen. Thene \eee grade 11
classes with around 50 students in each class-teBrgPrevious Problem
Solving Ability) were conducted in all the threas$es. After matching the
three groups on Previous Problem Solving Abilitg,students each from the
three classes were choosen for the interventiome three groups of 38
studnets each were then randomly assigned intekperimental (PIMS and

MS) and control (CS) group.
Toolsand Techniques Used

The tools were developed and used to quantify dépendent and
control variables. In totalfour Tests on Problem Solving in the field of
mechanics were developed and administered at @iffestages of the study.
Two of these tests are parallel and were usedeapritrtest and post-test of
problem-solving ability. Thus, the three separasts developed were the

following.

1. Tests of Problem-Solving Ability (Two Parallel FosmPrevious
Problem Solving Ability, and Analogical Problem oly Ability in
select unit where instruction was done).

2. Test on Problem Solving Skills in Physics (in higeecondary school
physics in total) .

3. Test on Component Skills in Problem Solving (UseM&tacognitive

Strategies in Problem Solving)
This diagnostic test consists of four sub-tests, v

1. Test on the Ability to Represent Problem situation
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2. Test on the Ability to Plan Problem Solving Proceddu
3.  Test on the Ability to Implement Problem Solvingp&edure
4.  Test on the Ability to Evaluate Solution to a Peghl

In addition to the tools, a metacognitive strategpruction was developed to

enhance problem solving skills in physics amonghéigsecondary school

students. It consists of the following four phases:

Presentation of the Knowledge Domain

This phase involves three sub-phases.

1. Presentation of Concept map
2. Explanation of Concepts and their Relationships.
3. Exemplification of the use of concepts to sqiveblems

Presenting the Problem
Problem Solving Procedure
Problem solving procedure follows the steps viz.,

1 Surface Representation

2 Structure Representation
3. Planning the Solution
4

Implementing the Plan
Metacognitive Analysis
Metacognitive Analysis involves three stages

1. Error Analysis
2. Monitoring the Procedure

3. Analogical Problem Solving
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Statistical Analysis

The techniques of analysis of data employed in shigly are the

following.

1
2
3.
4

Analysis of Variance (One-way)
Test of Significance of means (One-tailed)
Effect Size analysis

Multiple Regression Analysis

Major Findings

The major findings of the study, derived s ansviershe four research

guestions, set at the begning of the studyaredlibiglow with appropriate

explanatory headlines.

1. Metacognitive Strategy Instruction [Peer Interacting Metacognitive

Strategy (PIMS) Instruction and Metacognitive Strategy (MS)

Instruction] significantly improve Analogical Problem Solving ability in

Physics among Higher Secondary School Students.

The main effect of Metacognitive Strategy Instraoti (Peer
Interacting Metacognitive Strategy Instruction, KtEignitive
Strategy Instruction, and Conventional strategy) Amalogical
Problem Solving Ability is significant ¢ .01). Mean scores of
Analogical Problem Solving Ability differ significdly among the
PIMS, MS, and Control groups.

PIMS group shows significantly higher levels of Aowical
Problem Solving Ability than Control group< .01).
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1 MS group shows significantly higher levels of Amgileal Problem
Solving Ability than Control groupp& .01).

. Peer Interaction during Metacognitive Strategy Instruction do not
develop analogical problem solving ability over and above Metacognitive

Strategy I nstruction.

I PIMS and MS groups did not differ significantly @&malogical
Problem Solving Ability p =n.s).

. Metacognitive Strategy Instruction [Peer Interacting Metacognitive

Strategy (PIMS) Instruction and Metacognitive Strategy (MS)

Instruction] significantly improve Problem Solving Skills in Physics

among Higher Secondary School Students.

I. The main effect of Metacognitive Strategy Instrant{Peer Interacting
Metacognitive Strategy Instruction, MetacognitiieaBegy Instruction,
and Conventional Strategy) on Problem Solving Skiti Physics is
significant (p< .01). Mean scores of Problem Solving Skills in §tby
differ significantly among the PIMS, MS and Contgobups.

ii. PIMS group shows significantly higher levels of Bleam Solving
skills in Physics than Control group<(01).

iii. MS group shows significantly higher levels of Pexl Solving Skills
in Physics than Control group<(p01).

. Peer Interaction during Metacognitive Strategy Instruction develops

problem solving skills in physics over and above Metacognitive Strategy

| nstruction.

I. PIMS group shows significantly higher levels of Blemm Solving
skills in Physics than MS group< .05).
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5. Peer Interaction [Peer Interacting Metacognitive Strategy (PIMS)

Instruction] significantly improves the Use of Metacognitive

Strategies in Problem Solving of Higher Secondary School Students

(over Metacognitive Strategy I nstruction).

The main effect of Peer Interaction on Problem Bgh\SkKills in

Physics is significant ¢p.01).

. Mean scores of the Use of Metacognitive Strategie®roblem

Solving in Physics is significantly higher among tRIMS group
than the MS group.

6. Component skills in metacognitive strategy of problem solving

contributes significantly to the problem solving skills in physics in

students instructed on Metacognitive Strategy.

The three component skills of metacognitive stnateqgproblem

solving viz., Planning the Solution, Implementinge tPlan, and
Representing the Problem explained 43.6percertteotariance in
Problem Solving Skills in Physic§{ = .436,F (3, 72) = 18.560,
p<.01) among the higher secondary students who vedei
metacognitive strategy instruction.

The skill for Planning the Solution significantlx@ained Problem
Solving Skills in Physics#.283,p<.01; % influence = 14.9).

iii. The skill for Implementing the Plan significantlyxpained

Problem Solving Skills in Physics p£ .319, p<.01;

% influence = 16.0).
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iv. The skill for Representing the Problem significanéxplained
Problem Solving Skills in  Physics p<£.247, p<.05;

% influence = 12.7).

7. Component skill in metacognitive strategy of problem solving evaluating
the solution do not contribute significantly to the problem solving skills
in physics in students instructed on Metacognitive Strategy.

I. Evaluating the Solution did not contribute sigraintly to the variance

in Problem Solving Skills in Physics among the Plsttsl MS groups.

In view of the above findings hypotheses 1, 3,,46 %), 6 (ii), and 6

(i) are accepted. Hypotheses 2 and 6(iv) areacoepted.
Conclusion

From the analysis of data it can be concluded #tatlents of both the
experimental groups (PIMS and MS) and those otctirérol group were not
significantly different with respect to their preloh solving ability (Previous
Problem Solving Ability) in Physics before providitMetacognitive Strategy

Instruction.

After a giving Metacognitive Strategy Instructias an experimental
intervention, students of both the experimental ugsy those given
Metacognitive Strategy Instruction supplementeadiaborative group work
(PIMS group) and those not supplemented by colkia@ group work (MS
group) have appreciable improvement in their pnoblgolving ability in
content specific (Analogical Problem Solving Abji)it and its transfer
(Problem Solving Skills in Physics) compared to ¢batrol group who were
taught by Conventional Strategy. Thus it can be chated that the

metacognitive strategy instruction is effectiveeimhancing problem solving
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skills irrespective of the classroom settings. Timplies the metacognitive
strategy is effective both in the presence and radesef peer interaction

among the students.

Students in the experimental group who had grasgudsions (PIMS)
exhibited more problem solving skills in novel plei situations than the
students in the experimental group who worked idizlly (MS). But the

difference in effect caused by collaborative grawgrk was very small.

It is further evidenced that the students who balthborative group
work improved component skills of Metacognitive é&#gy in problem
solving moderately. Not only did Metacognitive &égy Instruction develop
component skill of Metacognitive Strategy amonghleigschool students nut
also the component skills pf Metacognitive Strategwytribute significantly
to the problem solving skills in physics. Furthedlgborative group work
during Metacognitive Strategy improves acquisittdrthese component skills

over and above regular classroom instruction oraebtejnitive Strategies.

The component skills in problem solving which weosmsidered as the
steps in metacognitive problem solving strategy.,viRepresenting the
problem, Planning the solution, and Implementing fhan are significant
contributors to overall problem solving skills ihysics. Performance in these
component skills is positively correlated to prablsolving skills in physics.
However, evaluating the solution did not contribstgnificantly to overall

problem solving skills in physics

Thus the Metacognitive Strategy Instruction isefive in enhancing
Problem Solving Skills in Physics both in a colleddtve or individual
classroom setting. It is the fostering of comporskilis in problem solving

like Representing the Problem, Planning the Sahtamd Implementing the
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Plan, which is more important than whether the el are working in

groups or not.
Educational | mplications of the Study

Improving students’ problem solving skills haveebea major goal of
science curriculam developers, science teachergdmchtion researchers for
decades. After developing a metacognitive strateglyuction for enhancing
problem solving skills in physics and testing litiststudy have demonstrated
that the metacognitive strategy instruction is higéffective in improving
both content specific and transfer problem solvekgls in the classroom
whether it facilitate peer collaboration or not.eTsuggestions made here are
broad recommendations based on the finding fronsthey, the experiences
derived by the researcher during the experimemigriention to enhance
metacognitive startergy in higher secondary schaotsalso on the review of

problem solving literature.

1. A conceptual understanding of the topic as a whole must be
developed in students before they confront with the problems in

school physics.

It could be wise not to expect the students to thelknowledge from
different sources when they confront with the peabl Clear understanding
of the problem situation and its relevant physmahciples is possible only if
the student have a well integrated knowledge oktugihg concepts. This is a
must especially in a complex domain like physicsiclwhis composed of
several principles, technical details, generaligesj heuristics and other
pieces of relevant information (Stevens &Palaciay€&ano, 2003).A search

for information will not allow the problem solvingeuristics to appear
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fluently from problem solvers. The need for a weaitegrated domain
knowledge before confronting the problem is alswomdted by several
researchers (Beyer, 1984; de Jong & Fergurson-eted€86; DeBono, 1983;
Friege & Lind, 2006; Gorden & Gill, 1989; Jonass&00; O'Neil &

Schacter, 1999; Palumbo, 1990). The findings of shedy support the
principle that, domain specific problem solving ldigis in physics is

facilitated by clearer Metacognitive Strategy iostron.

2. Concept maps can be used as teaching and learning aids to develop

well integrated domain knowledge.

This study has employed concept map for faciligatgtructuring of
domain specific knowledge on the premise that tiieoduction of concept
map can assist in the understanding of conceptshencelationships between
them and also organize their understanding of & t@pendley, Bretz, &
Novak, 1994). Though it is better to let the studeconstruct their own
concept maps after teaching a particular topigheacan construct the map
and use that as a teaching aid to meet the timstreamis in many a
classrooms. Both as a teaching aid and activitycaidcept map will help
students understand the relationships between ptm@nd facilitate easy
recall of learned concepts and their relationshijss study adds to an array
of researches which proclaim the supportive rolearsfcept maps in learning,
teaching and problem solving (Abel & Freeze, 20Détey, Shaw, Balistrieri,
Glasenapp, & Piacentine, 1999; Ertmer & Nour, 208ifick, Webb, Sims-
Gidden, Helton, Hope, Utley, Savinske, Fahey, & byaugh, 2006; Hsu,
&Hsieh, 2005;Kinchin, Cobot, &Hay008;Rendas, Fonseca, & Pinto, 2006;
Wilgis & McConnell, 2008). Hence, Higher secondachool teachers may
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increasingly employ concept map as teaching aidaatigtity aids in science
classrooms, as this strategy not only contributesntegration of domain
knowledge but also facilitates the more importantd aifficult task of

equipping students to solve problems.
3. Problem solving strategies should be explicitly taught to the students.

Conceptual knowledge though necessary is notfeciemt requirement
for a successful problem solver. To become exp@thlpm solvers, students
should be explicitly taught about the differentattgies to tackle problems.
Such strategies may be different for different domma In addition to
declarative knowledge in a particular domain, pdacal and situational
knowledge should be given explicitly (Ferguson- $ies& de Jong, 1990).
The need to teach problem solving strategies ase abmpaigned by
numerous researchers (Alibali, Phillips, & Fisct2009; Berge & Danielson,
2012; Bogard, Liu, & Chiang, 2013; Friege & Lind)a5; Gaigher, Rogan, &
Braun, 2007; Leonard, Dufresne, & Mestre, 1996;ebaon, 2005; Mayer,
1992; Park & Lee, 2004; Pol, Harskamp, Suhre, & dbaot, 2008; Selcuk &
Caliskan, 2008). This study has further demongirdtee effectiveness of
explicit instruction of problem solving strategy dants transfer value in

making students better problem solvers.

4, Encourage qualitative understanding of problems, rather than just

giving numerical procedures to solve them.

The Metacognitive strategy instruction designethia study required
gualitative description of the problem situation @art of structure
representation of the problem. Qualitative disaussiwere carried out while

problems are solved on the chalkboard or whileesttslwork together during
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problem solving. Without a qualitative understamgdiof the problem

situation, it is difficult for the students to ress the underlying phenomenon
and physics principles required to solve them. Tked for a careful and
gualitative analysis of the problem situation iscahdvocated by numerous
other researchers (Bacerra-Labra, Gra-Marti, & @gmosa, 2012; Camacho
& Good, 1989; Kosem & Ozdemir, 2014; Lee, Tang, G&hChia, 2001;

Neto & Valente, 1997; Park & Lee,2004). The quék® understanding of
problem through structure representation resultednore than 10 percent
improvement in problem solving in physics for higheecondary school
students. Hence it is recommended to teach prablemh qualitative

understanding in a systamtic way.

5. Represent Physics problems in the form of diagrams to reduce

memory overload.

One way to systematically buid up qualitative unskanding of of the
problem situation is through diagrams. Diagramsphehlrners to solve a
problem effectively (Bauer & Johnson-Laird, 199%he outcomes of this
study also corroborate similar conclusions. Digramlso aids easy
identification of known and unknown physical quéde and the physics
principles that should be used to solve them. Bslerepresentations can help
a learner elaborate the problem statement, tramshsr ambiguous status to
an explicit condition, constrain unnecessary cagmitvorkload, and create
problem solutions (Jonassen & Strobel, 2006; Jams2005; Kim, 2012;
Scaife & Rogers, 1996; Spector, 2010; Zhang & Naormi994; Zhang,
1997).
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6. Give extensive practice of metacognitive skills in problem solving

like, planning, monitoring progress, and verifying results.

Though Metacognitive strategy is reported in défar formats by
authors, there is a common sequence of events ahn saostruction.
Identifiying this, Metacognitive skills in problemsolving like planning the
solution and implementing the plan are found totbute significantly to
problem solving skills in physics. Therefore it iscommended to give
extensive practice of these metacognitive skillslevisolving problems in
classrooms. Such metacognitive strategies are fdandnhance problem
solving skills by several researchers (AbdullafQ@@Demircioglu, Argun, &
Bulut, 2010; Jacobse & Harskamp, 2009; Jacobse &kdanp, 2012; Lubin
& Ge, 2012; Ozsoy, 2011; Schneider & Artelt, 20IMhis study employed a
four phased strategy, with planning, implementiramyd evaluating the
solution of a problem. The study shows that theseimpact of these

component skills on problem solving skills.

7. Give students practice of similar problem solving strategies across

multiple contexts to encourage generalisation of strategies.

It is necessary to provide students with diversentinual and
prolonged problem solving experience. The sequengaloyed by this study
was to provide an analogical problem following egmloblem solving
illustration. Such problem-example alterations ewea generalisation of
problem solving strategies as evidenced by faahge impact on analogical
as well as general problem solving in physics. Titislso opined by other
researchers (Atkinson, Derry, Renkl, & Wortham, @08ausmann, Sande, &

Vanheln, 2007).
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8. Instruct Metacognitive strategy with collaborative group work

whenever possible.

The present study reveals that collaborative grewgk or peer
interaction has a small but significant additioreffect on transferring
problem solving skills attained to novel areas amthe use of metacognitive
strategies while solving problems. Therefore itasommended to facilitate
collaborative group work during metacognitive spt instruction whenever

possible.

This study evidence that teaching well integratedhain knowledge as
a whole using concept map before students confratht the problem, and
explicit teaching of problem solving strategy wilgramatic representation
and qualitative descriptions followed by extenspractice of Metacognitive
skills in a collaborative environment enhance peablsolving skills. The
experiences gain through this study and the demaiadtimpact of strategies
developed and advocated by this study, hell thestigator to recommend the
following to the curriculam designers, teachers avitier educational

practisers including teacher educators.
Suggestionsfor Further Research

1) The present study was delimited to solving problé&nms a single area
in Physics viz., Mechanics. Future researchers iogastigate the
effectiveness of Metacognitive Strategies on Pmob&olving Skills in
other areas of Physics like, Optics, Electrodynamiuclear physics

etc.
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3)

4)

5)

6)
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Other science disciplines like Chemistry and Bigloglso give
importance to problem solving. Therefore, futuresemachers can
investigate the effect of Metacognitive Strategre$’roblem Solving

Skills in those scientific domains.

Attempts to develop problem solving ability in emggering and other
undergraduate students are contemporary. Futureandsers can
explore the possibilities of Metacognitive Stratdggtruction among

those students.

It is observed in the present study that Peer doterg Metacognitive
Strategy Instruction have a small but significantfee over
Metacognitive Strategy Instruction in transferripgoblem solving
skills to new areas. A further detailed qualitatiseidy employing
think-aloud protocols to understand how peer imgoa allows

transfer of problem solving skills is required ajgested.

The effect of each of the component skills in peoblsolving viz.,
Representing the problem, Planning the solutiorplémenting the
plan and Evaluating the solution was not rigorousigted to make
valid suggestions regarding each. Therefore sigthdy that examines

in detail the effect each of these components ighwo

The present study employed teacher prepared conogps for
presenting knowledge domain in the first phase adtddognitive
Instruction. Construction of concept maps by stislémemselves may
facilitate more meaningful learning. Hence, theeeffof the same
Metacognitive Strategy Instruction with such aremtion on problem

solving skills can be investigated.
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7) The extend to which present teacher education cuulari equips
teachers to facilitate problem solving through Megmitive and other

strategies they can employ in instruction neechirrterification.
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Appendix Al
Test of Problem Solving Ability in Physics (Draft)

There are 42 Problems in this test. Each corrctien carries one mark.
You can take 2 hours to attempt all the questidhs. blank paper given can be usged
to work out the problems. Fill your details in tieswer sheet and tick in the column
for A, B, C or D against each question number. $dledo not mark or write in the
guestion paper.

10.

11.

12.

The velocity of light in vacuum is 3x1@n/s. Calculate the time taken by it to travel a
distance of 6x18 m.

a) 6x1Fs  b)3x16's  c)18x1&¥s d)2x16s

An electron moves with a velocity of 2>X21@/s. What is the distance travelled by it in 4
s?

a) 6x10m b)3x18°m  ¢)8x16m  d)2x16m

The engine of an electric train passes a statioteryvith a velocity of 6 m/s. It takes 10
s to the tail end of the train to pass the saméygavhich time its velocity is 9 m/s.
Calculate the acceleration of the train.

a) 0.2m/é Db)03mié c)0.1m/é  d)0.6m/é

An electron travelling with a speed of 5%1f/s pass through an electric field with an
acceleration of 18 m/<. How long will it take the electron to double $igeed?

a) 5x10°s b)10x10s c¢)5x16s d)16°s

The velocity of a body moving with a uniform acaakion of 2 m/is 10 m/s. What is
its velocity after an interval of 4 s?

a) 18 m/s b) 0 m/s c) 20 m/s d) 10 m/s

A motor car moving with a uniform velocity of 20 snfomes to stop on the application
of brakes, after travelling a distance of 10 m. YWhdts acceleration?

a) -10m/é  b)-20m/8§  ¢) 10 m/$ d) 20 m/8

A projectile is fired with a horizontal velocity 80 m/s from the top of a cliff 80 m
high. How long will it take to strike the level gnod at the base of the cliff?

a) 2s b)3s c)4s d)5s

An aircraft 500 m above ground is flying with a izontal velocity 15 m/s. It drops a
bomb. How long will it take the bomb to reach tmeund?

a) 15s b)5s c)20s d)10s

A ball is thrown upward. After it has left the haiitd acceleration

a) Remains constant b) increases c) decreases  ehois z

A stone is dropped from the top of a building. Aftéhas left the hand, its acceleration
a) Remains constant b) increases c) decreases  ehois z

A body of mass 12 kg is moving with an acceleratib60 m/$. Calculate the force
acting on it.

a) 50N b) 600N c) 150 N d) 200N

A ship of mass 3x1kg initially at rest is pulled by a force of 6X19. Calculate the
acceleration attained by the ship.

a) 2x10' m/s b) 2x 16 m/$ c) 2x10° m/s d) 18x10'm/s’
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

A train 100 m long is moving with a speed of 60 kmh what time shall it cross a
bridge 1 km long?

a) 60s b) 66 s c)30s d) 1/60 hours.

A person weighting 80 km stands on a weighting rimechn an elevator. In which of the
following situations does the machine shows moaa this actual weight?

a) The elevator moves up with an acceleration of 1€ m/

b) The elevator moves down with an acceleration aini

c) The elevator moves up with a uniform speed of 5 m/s

d) The elevator moves down the rope nearly freely ugdevity

A man travels in his car from home to office at3 and from office to home at 60

m/s. Calculate average speed and average veldditatoperson.

a) Average speed =50 m/s c) Average speed = 180 m
Average velocity = 10 m/s Average velocit0 m/s

b) Average speed =50 m/s d) Average speed =80 m/
Average velocity = 0 m/s Average veloGitd m/s

A hunter has a machine gun that can fire 50 g taéth a velocity of 800 m/s. A 40 kg
tiger springs at him with a velocity of 10 m/s. Havany bullets must the hunter fire in
to the tiger in order to stop him in his track?

a) 10 bullets b) 20 bullets c) 30 bullets d) Wldxts

A car moving along a straight road with a speed2km/h stops with in a distance of
200m. How long does it take the car to stop?

a) 10s b) 20 s c) 30s d) 40s
A stone is thrown vertically upwards with an inlitelocity of 10 m/s. Find the time
taken by the stone to reach back the point of ptigje.

a) 1s b) 2s c) 3s d) 4s

A train 100 m long is moving with a speed of 60 kmh what time shall it cross a
bridge 1.5 km long?

a) 25s b) 90 s c) 96s d) 16s
On a long horizontally moving belt, a child rungiwa speed of 8 km/h towards his
mother on the ground 500 m away. The belt is motameards the mother with a speed
of 4 km/h. In what time will the child reach his ther?

a) 2 min b) 2 min 10 sec ¢) 2 min 30 sec d) 2 Bt sec

Wooden body is placed on a rough plane having wiexfit of friction unity. At what
angle of inclination will the body just begin tadd?

a) 30° b) 48 c) 60 d) 90

A boy can throw up a ball to a maximum height ofml0To what distance he can throw
the same ball on a ground.

a) 20m b) 10 m c)5m d)40m

A force of 20N is applied on a hockey ball at aglar8d with the X-axis. What is the
vertical component of force?

a) 20N b) 10N c) 5N d) 40N

A boy revolves a stone on a string 10 cm long sigazbmpleting 10 revolutions in 10
seconds. What is the angular speed of the stone?

a) 3.14rad/s b) 6.28 rad/s c) 1.57 rad/s dp €a6l/s
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
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A projectile is fired with a horizontal velocity 880 m/s from the top of a cliff 8000 m
high. How long will it take to strike the level gnod at the base of the cliff?
a) 20s b) 10s c)5s d) 40s
A helicopter 500 m high is flying in horizontal dation at a speed of 144 km/h. It drops
a food packet. How far should a boy just belowttekcopter run to get the food packet?
a) 900 m b) 200 m c) 400 m d) 700 m
An aeroplane is flying in a horizontal directiorthva velocity of 360 km/h at a height of
1960 m. How far from a given target, should it asle a bomb to hit the target?
a) 500 m b) 1000 m c) 1400 m d) 2000 m
A monkey jumps from the branch of a tree 20 m Hirgin the ground with a horizontal
velocity of 40 m/s. How long will it stay in air?
a) 10s b) 5s c) 4s d 2s
An insect trapped in a circular groove of radiusfrf?moves along the groove steadily
and completes 7 revolutions in 100 s. What is tigukar speed of the insect?
a) 5.3radls b) 6.2 rad/s c) 0.53 rad/s d) Oatsr
A kangaroo can jump to a maximum height of 5 mwhat maximum distance can it
jump on ground?
a) 5m b) 2.5m c) 10 m d) 3Pm
A train moves towards north with a speed of 100Hkm% monkey runs on the train
towards south with a speed of 8 km/h. What is #hative velocity of the monkey with
respect to an observer on the platform?
a) 108 km/h southwards ¢) 92 km/h northwards
b) 92 km/h southwards d) 108 km/h northwards
A body placed on a rough inclined plane just begislide when the angle of inclination
becomes 30 Calculate the coefficient of friction.
a) 1/2'2 b) 1/ 3" c) 1/1587 d) 1/16”
A boy is playing with a ball in a train moving withspeed of 100 km/h. If he throws up
the ball with a speed of 10 m/s. How long will thedl stay in air before reaching his
hands?
a) 4s b) 3s c) 2s d 1ls
A monkey of mass 40 kg climbs up a rope that cahstand a maximum tension of
600N. In which of the following cases will the ropeeak? The monkey
a) Climbs up with an acceleration of 6 f/s
b) Climbs down with an acceleration of 4 f/s
c) Climbs up with a uniform speed of 5 m/s
d) It falls down the rope freely under gravity.
An aeroplane lands with a horizontal velocity ofi3dn/h and comes to stop within a
distance 400 m on ground. How long does it takeatteplane to stop?
a) 40s b) 30s c) 20s d) 10s
A gun weighing 10 kg fires a bullet of 30 g witlv@ocity of 330 m/s. With what
velocity does the gun recoil?
a) 1m/s b) 2 m/s c) 3m/s d) 4 m/s
A person drives to the fish market at a speed &b and returns home at a speed of
70 km/h. What is the average speed and averageityetd that person?
a) Average speed = 60 km/h c) Average speed =20 k

Average velocity = 20 km/h Averag#gocity = 0 km/h
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38.

39.

40.

41.

42.

b) Average speed =20 km/h d) Average speed 6@ k
Average velocity = 60 km/h Average velgcitO km/h

A body of mass 5 kg is at rest on a plane incliae80 with the horizontal. What is the

component of force along the plane?

a) 25N b) 25x3? c) 50N d) 50x%

A block of wood is kept on the floor of a statiopatevator. The elevator begins to

descend with an acceleration of 12 isg=10 m/$, the displacement of the block

during the first 0.2 second after the start is

a) 0.02m b) 0.1 m c)0.2m d)0.4m

A ball is projected with a velocity of 10 m/s atamgle of 600 with the horizontal. Its

velocity at the highest point is

a) 9m/s b) 7 m/s c) 5mis d) 18.7 m/s

A projectile thrown at an angle of 4falls at a distance of 30 m away from the

projection. Its vertical displacement is

a) Om b) 15m c)6m d)7m

A hydrogen balloon moves up with an acceleratio®m/$. If g=10 m/$, the vertical

displacement of the balloon after 5 seconds is

a) Om b) 125 m €) 250 m d)25m
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Answer key — Test of Problem Solving Ability in Phgics (Draft)

Question No. Answer key
1 d
2 c
3 b
4 a
5 a
6 b
7 c
8 d
9 a

10 a
11 d
12 c
13 b
14 a
15 b
16 a
17 b
18 b
19 c
20 c
21 b

Question No.

Answer key

22

23

24

25

o e (o o]

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42
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Appendix A3
| TEM WISE INDICES OF DIFFICULTY AND DISCRIMINATION FOR THE TESTS
(FORMS A & B) OF PROBLEM SOLVING ABILITY IN PHYSICS

Item Number | Difficulty Index | Discriminating Power | Item Number (Final Test)
1* 0.80 0.33 Al
2* 0.85 0.30 Bl
3* 0.68 0.41 A2
4* 0.40 0.40 B2
5* 0.60 0.60 A3
6* 0.50 0.50 B3
7* 0.40 0.40 A4
8* 0.40 0.70 B4
9 0.23 0.20 -
10* 0.40 0.40 B5

11* 0.20 0.30 A5
12 0.11 0.21 -
13* 0.30 0.60 A6
14* 0.60 0.30 B6
15* 0.40 0.30 A7
16* 0.30 0.40 B7
17* 0.40 0.30 A8
18* 0.60 0.60 B8
19* 0.50 0.80 A9
20* 0.30 0.50 B9
21* 0.50 0.40 Al10
22* 0.30 0.40 B10
23* 0.60 0.70 All
24* 0.50 0.70 B11
25* 0.30 0.50 Al12
26* 0.40 0.70 B12
27* 0.20 0.30 Al3
28* 0.40 0.40 B13
29 0.20 0.10 -
30 0.40 0.40 -
31* 0.40 0.30 Al4
32* 0.30 0.30 B14
33 0.10 0.21 -
34* 0.70 0.40 B15
35* 0.30 0.30 Al15
36 0.40 0.20 -
37 0.30 0.11 -
38 0.20 0.21 -
39 0.11 0.11 -
40 0.20 0.20 -
41 0.20 0.13 -
42 0.20 0.10 -

*indicate item in the final test.
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Appendix A4
TEST OF PREVIOUS PROBLEM SOLVING ABILITY IN PHYSICS

(FORM A, PRE-TEST)

There are 15 Problems in this test. Each corrm@cition carries one markl.
You can take 45 minutes to attempt all the questidie blank paper given can be
used to work out the problems. Fill your detailghe answer sheet and tick in the
column for A, B, C or D against each question numBé&ase do not mark or wri
in the question paper.

The velocity of light in vacuum is 3x1@n/s. Calculate the time taken by it to travel a
distance of 6x18 m.

b) 6x1Fs  b)3x16's  c)18x1&s d)2x1bs

The engine of an electric train passes a statioteryvith a velocity of 6 m/s. It takes 10
s to the tail end of the train to pass the saméygavhich time its velocity is 9 m/s.
Calculate the acceleration of the train.

a) 0.2mié Db)03mié c)0.1m/é  d)0.6m/é

The velocity of a body moving with a uniform acealéon of 2 m/8is 10 m/s. What is
its velocity after an interval of 4 s?

a) 18 m/s b) 0 m/s c) 20 m/s d) 10 m/s

A projectile is fired with a horizontal velocity 880 m/s from the top of a cliff 80 m
high. How long will it take to strike the level gnod at the base of the cliff?

b) 2s b)3s c)4ds d)5s

A body of mass 12 kg is moving with an acceleratib60 m/$. Calculate the force
acting on it.

b) 50N b) 600N c) 150 N d) 200N

A train 100 m long is moving with a speed of 60 kmh what time shall it cross a
bridge 1 km long?

b) 60s b) 66 s c)30s d) 1/60 hours.

A man travels in his car from home to office atd and from office to home at 60
m/s. Calculate average speed and average veldditatoperson.

c) Average speed =50 m/s c) Average speed = 180 m
Average velocity = 10 m/s Average velogit20 m/s

d) Average speed =50 m/s d) Average speed =20 m/
Average velocity = 0 m/s Average velocit® m/s

A car moving along a straight road with a speed2km/h stops with in a distance of
200m. How long does it take the car to stop?

b) 10s b) 20 s c) 30s d) 40s
A train 100 m long is moving with a speed of 60 kmnh what time shall it cross a
bridge 1.5 km long?

b) 25s b) 90s c) 96s d) 16s
Wooden body is placed on a rough plane having moeft of friction unity. At what
angle of inclination will the body just begin tadd?

b) 30° b) 48 c) 60 d) 90
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11.

12.

13.

14.

15.

A force of 20N is applied on a hockey ball at aglar8d with the X-axis. What is the
vertical component of force?

b) 20N b) 10N c) 5N d) 40N

A projectile is fired with a horizontal velocity 880 m/s from the top of a cliff 8000 m
high. How long will it take to strike the level gnod at the base of the cliff?

b) 20s b) 10s c)5s d) 40s
An aeroplane is flying in a horizontal directiorthva velocity of 360 km/h at a height of
1960 m. How far from a given target, should it asle a bomb to hit the target?

b) 500 m b) 1000 m c) 1500 m d) 2000 m

A train moves towards north with a speed of 100rkr& monkey runs on the train
towards south with a speed of 8 km/h. What is éhative velocity of the monkey with
respect to an observer on the platform?

c) 108 km/h southwards ¢) 92 km/h northwards

d) 92 km/h southwards d) 108 km/h northwards

An aeroplane lands with a horizontal velocity oft3dn/h and comes to stop within a
distance 400 m on ground. How long does it takeaiteplane to stop?

b) 40s b) 30s c) 20s d) 10s
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Appendix A5
TEST OF ANALOGICAL PROBLEM SOLVING ABILITY IN PHYSICS
(FORM B, POST-TEST)

There are 15 Problems in this test. Each correct solution carries one mark.
You can take 45 minutes to attempt all the questions. The blank paper given can be
used to work out the problems. Fill your details in the answer sheet and tick in the
column for A, B, C or D against each question number. Please do not mark or write
in the question paper.

10.

An electron moves with a velocity of 2>18/s. What is the distance travelled by it in
4s7?

b) 6x1Fm b)3x13°m  ¢)8x16m  d)2x16m

An electron travelling with a speed of 5%1/s pass through an electric field with an
acceleration of 18 m/<. How long will it take the electron to double $#igeed?

b) 5x10°s b)10x10s c)5x16s d)16°s

A motor car moving with a uniform velocity of 20 snéomes to stop on the application
of brakes, after travelling a distance of 10 m. YWhdts acceleration?

b) -10m/$é b)-20m/8  ¢) 10 m/$ d) 20 m/8

An aircraft 500 m above ground is flying with a izontal velocity 15 m/s. It drops a
bomb. How long will it take the bomb to reach tmeund?

b) 15s b)5s c)20s d)10s
A stone is dropped from the top of a building. Aftehas left the hand, its acceleration
b) Remains constant b) increases c) decreases  ehois z

A person weighting 80 km stands on a weighting ritechn an elevator. In which of the

following situations does the machine shows moaa this actual weight?

e) The elevator moves up with an acceleration of 1€ m/

f) The elevator moves down with an acceleration afni$

g) The elevator moves up with a uniform speed of 5 m/s

h) The elevator moves down the rope nearly freely ugdevity

A hunter has a machine gun that can fire 50 g taléth a velocity of 800 m/s. A 40 kg

tiger springs at him with a velocity of 10 m/s. Howany bullets must the hunter fire in
to the tiger in order to stop him in his track?

b) 10 bullets b) 20 bullets c) 30 bullets d) Wldxts

A stone is thrown vertically upwards with an inlitiselocity of 10 m/s. Find the time

taken by the stone to reach back the point of ptigje.

b) 1s b) 2s c) 3s d) 4s

On a long horizontally moving belt, a child runsttwa speed of 8 km/h towards his
mother on the ground 500 m away. The belt is motdmgards the mother with a speed
of 4 km/h. In what time will the child reach his ther?

a) 2 min b) 2 min 10 sec ¢) 2 min 30 sec d) 2 Bt sec

A boy can throw up a ball to a maximum height oftlOTo what distance he can throw
the same ball on a ground.
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11.

12.

13.

14,

15.

b) 20m b) 10 m c)5m d) 40 m

A boy revolves a stone on a string 10 cm long s$tgacbmpleting 10 revolutions in 10

seconds. What is the angular speed of the stone?

b) 3.14 rad/s b) 6.28 rad/s c) 1.57 rad/s dp Gell/s

A helicopter 500 m high is flying in horizontal dation at a speed of 144 km/h. It drops

a food packet. How far should a boy just belowttBkcopter run to get the food packet?

b) 900 m b) 200 m c) 400 m d) 700
m

A monkey jumps from the branch of a tree 20 m Higim the ground with a horizontal

velocity of 40 m/s. How long will it stay in air?

b) 10s b) 5s c) 4s d 2s

A monkey of mass 40 kg climbs up a rope that cahstand a maximum tension of

600N. In which of the following cases will the ropeeak? The monkey

e) Climbs up with an acceleration of 6 f/s

f) Climbs down with an acceleration of 4 f/s

g) Climbs up with a uniform speed of 5 m/s

h) It falls down the rope freely under gravity.

A body placed on a rough inclined plane just begislide when the angle of inclination

becomes 30 Calculate the coefficient of friction.

b) 1/2'2 b) 1/ 3”2 c) 1/1587 d) 1/16”
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Appendix B1

TEST OF PROBLEM SOLVING SKILLS IN PHYSICS (DRAFT)

There are 20 Problems in this test. Each correctien carries one mark.
You can take 1 hour to attempt all the questiome Blank paper given can be used
to work out the problems. Fill your details in tweswer sheet and tick in the column
for A, B, C or D against each question number. $tledo not mark or write in th
guestion paper.

112

A man carries a body of mass 2 Kg to the top diildimg 20 m high. What is the work
done by the man? Take g=10 fn/s

a) 200J b) 400 J c) 2000 J d) 40J

What is the power of an elevator that can carryaasmf 500 kg over a building 10 m
high in one minute?

a) 83W b) 38 W c)25W d) 15w

Find the torque due to a force of 2N applied atr2 perpendicular from the point of
application of force.

a) 5Nm b) 2.5 Nm C) 2 Nm d) 1.5 Nm

When the distance between the two masses is dqubkdravitational force between
the masses will become

a) Y b) %2 c) double d) 4 times
The acceleration due to gravity when avbajow the earth surface.
a) Increases b)decreases c)remains same d) becemes z

A force of 100N is applied on a wire of cross-samdil area 4x10n?. What is the stress
experienced by the wire?

a) 104x10° N/nt b) 96x10 N/nt c) 25x16N/n?  d) 40018 N/nt

At a depth of 1000 m in an ocean what is the ggugssure? Density of sea water is
1.03x16G kg/nt. Take g=10 mfs

a) 10.3x10 Pa b) 5.2x1tPa c) 5.2x10Pa d) 10.3x10Pa
A cylindrical tube of spray has an area of crossise of 8 c. If the liquid flows

inside the tube with a speed of 2 m/s. What wiltheespeed of the liquid through the
other end that has a cross-sectional area of1 cm

a) 4m/s b) 6 m/s c) 10 m/s d) 16 m/s

A particle moves along a straight line. What hagerthe kinetic energy of the particle
if its velocity changes from -4 m/s to -3 m/s?

a) Increases b) decreases  ¢) remains samed) bezenoes

A bullet of mass 20 g is found to pass two poirisapart in a time interval of 4
seconds. If it moves with a constant speed, whisieikinetic energy of the bullet?

a) 0.562J b) 1J c)0.1J d) 2J

A wheel 2 min radius is moving with a speed ofd8. Calculate its angular speed.

a) 16.67 rad/s b) 2 rad/s ¢) 5rad/s d)10 rad/s
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12.

13.

14.

15.

16.

17.

18.

19.

20.

There are two spheres A and B of equal massesr&phmll down a smooth inclined
plane of height h. Sphere B falls freely throughghth. Which ball does more work?
a) BallA b) Ball B

c¢) Both balls does not do any work d) work dondbth balls are the same.

A 50 Kg man stands 1 m away from a 20 Kg boy. Glate the force of gravitational
attraction between them. Given G=6.66%10m?%Kg?

a) 50x10™ N b) 6.66x1G'N c) 6.66x10N d)20x10"N
Calculate the force required to increase the lengjthsteel wire of cross-sectional area
10°® m? by 50percent. Given Y=2x1N/m?.

a) 10N b) 10 N c) 2x1°N  d) 2x16N

Water is filled in a flask up to a height of 20 chme bottom of the flask is circular and
has an area of 14rif the atmospheric pressure is 1.01%P@, then what force is
exerted by water at the bottom? (Take g=1C mutsl density of water=1000kg/m

a) 1.03x10 N b) 3.01x18ON c) 1.01x1ON d) 2.01x18N

A tank containing water has an orifice 20 m belbe surface of water in the tank. If
there is no wastage of energy, find the speedsahdirge.

a) 20 m/s b) 40 m/s c) 10 m/s d) 30 m/s

A flask contains glycerine and the other one costarater. Both are stirred rapidly and
kept on the table. In which flask will, the liquidmes to rest earlier.

a) Water b) glycerine  c) both comes to rest togethej cadnot predict

What is the youngs modulus of elasticity for a eetly rigid body?

a) Infinity b)zero Cc) one d) minus one

A fluid flows steadily through a cylindrical pipghich has radius 2R at point A and
radius R at point B farther along the flow direatidf the velocity at point A is V, the
velocity at point B will be

a) 2V b) V c) V/2 d)4v

A cord is wound around the circumference of a wioéeliameter 0.3 m. A 0.5 Kg mass
is attached at the end of the cord and it is altbteefall from rest. What is the torque
produced?

a) 0.7 Nm b) 1.25x4 Nm c) 4.9/0.15 Nm d) 1.25x9.8 Nm
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Answer Key — Test of Problem Solving Skills in Physs (Dratft)

Question No. Answer key
1 b
2 a
3 a
4 a
5 b
6 c
7 d
8 d
9 b

10 b
11 c
12 d
13 c
14 b
15 a
16 a
17 b
18 c
19 a
20 d
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Appendix B3

ITEM WISE INDICES OF DIFFICULTY AND DISCRIMINATION FOR THE
TEST OF PROBLEM SOLVING SKILLS IN PHYSICS

Item Number Discriminating Power Difficulty index It(elzzr::]glfrrgls)gr

1% 0.41 0.72 1

2 0.15 0.11 -
3% 0.44 0.74 2
4 0.41 0.50 3
5 0.59 0.67 4
6* 0.67 0.52 )
7% 0.67 0.52 6
g+ 0.59 0.33 7
o* 0.37 0.44 8
10 0.22 0.37 -
11 0.74 0.55 9
12 0.26 0.13 -
13+ 0.70 0.57 10
14* 0.30 0.30 11
15 0.26 0.20 -
16* 0.44 0.30 12
17+ 0.52 0.33 13
18 0.37 0.30 14
19+ 0.33 0.17 15
20 0.19 0.09 -

*indicate items in the final form of the test.
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Appendix B4

TEST OF PROBLEM SOLVING SKILLS IN PHYSICS

There are 15 Problems in this test. Each corm@ctisn carries one mark.
You can take 45 minutes to attempt all the questidime blank paper given can e
used to work out the problems. Fill your detailghe answer sheet and tick in the
column for A, B, C or D against each question numBéase do not mark or write
in the question paper.

A man carries a body of mass 2 kg to the top dfilding 20 m high. What is the work
done by the man? Take g=10 fn/s

a) 200J b) 400 J c) 2000 J d) 40J

Find the torque due to a force of 2N applied atr2 perpendicular from the point of
application of force.

a) 5Nm b) 2.5 Nm C) 2 Nm d) 1.5 Nm

When the distance between the two masses is dqubkdravitational force between
the masses will become

a) Y b) %2 c) double d) 4 times
The acceleration due to gravity when avbajow the earth surface.
a) Increases b)decreases c)remains same d) becemes z

A force of 100N is applied on a wire of cross-samdil area 4x10n?. What is the stress
experienced by the wire?

a) 104x10°N/m*  Db) 96x1GN/m?  ¢) 25x1ON/m*  d) 400x10 N/nv’

At a depth of 1000 m in an ocean what is the ggugssure? Density of sea water is
1.03x1G kg/nt. Take g=10 mfs

a) 10.3x10 Pa b) 5.2x10Pa c) 5.2x10Pa  d) 10.3x10Pa
A cylindrical tube of spray has an area of crossise of 8 c. If the liquid flows

inside the tube with a speed of 2 m/s. What wiltheespeed of the liquid through the
other end that has a cross-sectional area of1 cm

a) 4mis b) 6 m/s c) 10 m/s d) 16 m/s

A particle moves along a straight line. What haggerthe kinetic energy of the particle
if its velocity changes from -4 m/s to -3 m/s?

a) Increases b)decreases c)remains same d) beezenoes
A wheel 2 m in radius is moving with a speed oiif8. Calculate its angular speed.
a) 16.67 rad/s b) 2 rad/s ¢) 5rad/s d)10 rad/s

A 50 Kg man stands 1 m away from a 20 Kg boy. Glate the force of gravitational
attraction between them. Given G=6.66%10m?%Kg?

a) 50x10" N b) 6.66x1G'N c) 6.66x10N d)20x10"'N
Calculate the force required to increase the lengjthsteel wire of cross-sectional area
10° m? by 50%. Given Y=2x18N/m?.

a) 10N b) 10N c) 2x1°N  d) 2x16N
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12.

13.

14.

15.

A tank containing water has an orifice 20 m belbe surface of water in the tank. If
there is no wastage of energy, find the speedsahdirge.
a) 20m/s b) 40 m/s c) 10 m/s d) 30 m/s

A flask contains glycerine and the other one costaiater. Both are stirred rapidly and
kept on the table. In which flask will, the liquidmes to rest earlier.

a) water b) glycerine ) both comes to rest togetherd) cannot predict
What is the youngs modulus of elasticity for a eetly rigid body?
a) infinity  b)zero C) one d) minus one

A fluid flows steadily through a cylindrical pipahich has radius 2R at point A and
radius R at point B farther along the flow direatidf the velocity at point A is V, the
velocity at point B will be

a) 2V b) V c) V/2 d)4v
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Appendix C1
TEST ONCOMPONENT SKILLS IN PROBLEM SOLVING

There are 20 questions in this test. Each comastver carries one mark.
You can take one hour to attempt all the questidhe blank paper given can he
used to work out the problems. Fill your detailghe answer sheet and tick in the

column for A, B, C or D against each question numBéase do not mark or write
in the question paper.

1. Which among these represent the motion of an elethrough an electric field?

+ y
a) —

P+ - b) e
> \
: y
) & —» \d) P,
A train is moving with a speed of 100 km/h northdsarA monkey runs on the train with

a speed of 10 km/h southwards. Which of these vialg figures represent this
situation?

a) —*= s b _F

d
<«

‘—
)

0 A

A boy can throw up a ball to a maximum height ofnrd0T his is represented by
10 m
a) % b) 10 m
c) d) %Ax
%Q
10 m

v
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12.
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In the given figure, can you guess the initial e@pof the stone in vertical direction?

a) u=15 m/s b) = 10 m/s c) 0 m/s d) =10 m/vs
A monkey climbs up a rope with an acceleration & nWhich of the following
represents the motion of monkey?

a) a=g+3 b) a=g-3 C) a=g+§ d) azgt

A proton travelling with a speed of 2’Lén/s pass through an electric felid with an
acceleration of 10m/<. How long will it take the proton to get 4 times initial speed?
Which of the following equations will you use?

a) v=u+at b) s=ut¥,af C) V=U’+2as d) a=dv/dt

A bus moving with a uniform velocity of 40 m/s cosntd stop on the application of
breaks, after travelling a distance of 20 m. Whitkhe following equations will you use
to find its acceleration?

a) v=u+at b) s=ut¥,at’ c) V=u*+2as d) a=dv/dt
Which among the following expressions represents Kilogram weight of an
accelerating body?

a) ma b) ma/g c) mg/a d) mg
If a hunter fires n bullets of mass m at velocity\stop a tiger of mass M jumping with
a velocity V. Which equation will you use to finget number of required bullets?

a) n= mv/MV b) n=Mm/Vv  c)n=vV/mM d) n=MV/mv
When a stone is thrown upwards,
a) time for upward motion < time for downward motion
b) time for upward motion > time for downward motion
c) time for upward motion = 2 times time for downwandtion
d) time for upward motion = time for downward motion
_ 3x10°x6x107
Solvethis
9x10’
a) 2X1U D) X1y c) 3x1062 d) 2x10?
If v>=u*+2as then -
vV _u 23
a) S=v-u’-2a b) S: c) S d) S&t2a-\?
2a N

What is the angle of projection for maximum heignts

a) 45  b)od c) 30 d) 60
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15.

16.

17.

18.

19.

20.
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If tan 6= 0. TherB=

a) 45  b)9od c) 3¢ d)d
Given S= ut #/,af. If S=500m, u=12km/h and a=0, find t.
a) 500s b)41s ¢) 2min 30s d) 1min 20s

A bus moving with a uniform velocity comes to stwpthe application of brakes. The
acceleration of the bus will be

a) Positive b) negative C) zero d) cannot be predict
When a stone is thrown upwards, its acceleration

a) Increases b) decreases  c¢) remains constant dis ze
When a stone falls down its velocity

a) Increases b) decreases  c¢) remains constant dis ze

A boy revolves a stone on a string completing M@Ikgions in 10 seconds. Is it possible
to find the angular speed of the stone from thiermation?

a) No, because velocity of the stone is not given
b) No, because radius of the string is not given
c) No, because length of the string is not given
d) Yes, angular speed can be determined

A cyclist makes circular motions on a ring compigtiLO revolutions in 10 seconds. Is it
possible to find the linear velocity of the cyclisim this information?

a) No, because height of the cyclist is not given
b) No, because radius of the ring is not given
c) No, because angular speed of the cyclist is nargiv

d) Yes, linear velocity can be determined
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Appendix C2

Answer key — Test on Component Skills in Problem Swng

Question No. Answer key
1 b
2 d
3 a
4 a
5 c
6 a
7 c
8 d
9 d

10 d
11 b
12 b
13 b
14 d
15 c
16 b
17 c
18 a
19 d
20 b
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Appendix D
METACOGNITIVE STRATEGY INSTRUCTION MODULE

Introduction

Metacognitive Strategy Instruction Module is deysd to enhance Problem
Solving Skills in Physics by explicit instructiori vsing metacognitive strategies while
solving physics problems. This module can be usenhdtruct the students in a class
room, where the students work either individuallyrosmall groups.

This module consists of 30 lessons. Out of thkesgytlessons ten lessons each
are on the three units, ‘Motion in a Straight Lin®lotion in a Plane’ and ‘Laws of
Motion’. Out of each of these ten lessons, firsh tessons aim to present the knowledge
domain and the rest of eight lessons focus onmglproblems related to the topics dealt
in the first two lessons.

The first two lessons on each unit consists ahgle phase namely, Presentation
of the Knowledge Domain. The rest of the eight dessconsist of three other phases.
Each of these four phases is described below.

Phase 1: Presentation of Knowledge domain.

In this phase the teacher presents the concegttharrelation between them as
an interconnected fabric. ie., in the form of a capt map. The concept map is
developed on the black board as the teacher espkach concept (Eg: Motion in a
Straight Line) and the sub concepts (Eg: Velociyijh examples from real life
situations. The teacher introduces the minor caisc@pg: Average Velocity) related to
each sub concept and explains how they can be dechpwom various physical
guantities. Meanwhile, teacher also demonstratesdach of the equations can be used
to solve problems.

Phase 2: Presentation of the Problem

In this phase teacher presents a story problemrevhamerical values are
embedded in a real life situation involving the gleg concepts under discussion.
Students have to estimate the unknown quantitieesguphysics concepts and
relationships.

Phase 3: Problem solving procedure.

This phase consists of four steps in which a gp@tlem is solved.

Step 1: Surface representation

In this step, the problem situation is represeidtie form of a diagram. All the
given variables with their values and the unknowardities to be determined are
indicated in the diagram.
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Step 2: Structure Representation

In this step teacher and students discuss theigshgencepts in the problem
situation. They view the problem in the frame wofkphysical science principles and
make the assumptions necessary for the solutitimegfroblem.

Step 3: Planning the solution

In this step, on the bases of the previous reptagens of the problem, teacher
and pupils together decide which equations cansed to solve the problem. They also
plan how to work out the problem using the equatiand assumptions, through a series
of steps.

Step 4: Implementing the plan

In this step teacher and students proceed acgptditneir plan and solve the
problem.

Phase 4. Metacognitive Analysis

This phase consisted of three steps which helpsrification of the solution and
reflection on the strategy used.

Step 1: Error Analysis

In this step students investigate whether the teopusused are consistent unit
wise, whether the assumptions made are correctwdnadher the solution obtained is
reasonable

Step 2: Monitoring the Procedure

In this step teacher makes the students refle¢chemprocedure followed so that
the physical science principles and the strateggdtving the problem gets fixed in their
mind. Teacher does that by asking a set of reflecjuestions

Step 3. Analogical Problem Solving

In this step teacher provides a problem simildh&one presented in phase 2 and
ask students to solve it, following all the stepphases 3 and 4.
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LESSON TRANSCRIPTS

Lesson 1: Displacement and Velocity

Name of teacher : Shareeja AliM C
Class 11

Unit : Motion in a Straight Line
Time : 1 hour

Objectives:  To enable students to
» Define path length and displacement
* Compute path length and displacement
» Compare and contrast path length and displacement
» Define average speed and average velocity
» To compute average speed and average velocity
* To compare and contrast average speed and avesbgpiy
* To define instantaneous velocity
* To compute instantaneous velocity

Resources:  Concept map, diagrams

Phase 1. Presentation of Knowledge domain.

(The concept map for the unit, ‘Motion in a Straifjine’ developed during the lesson
is shown in figure.)
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MOTION IN A STRAIGHT LINE

Displacement
Change in
Positior

Path length
Total displacement

Velocity

Average Speed

path length

time interval Average Velocity Relative Velocity

_ Displacement

Vag =Va-Ve

time interval

Equations of Motion Instantaneous Velocity

v=1u+at dx

—_ 7= —

S=ut+% af It
V= u® + 2aS

Vg IS velocity of A
relative to B

u —» Initial velocity Acceleration
v—— final velocity
S— displacement
a——— acceleration

t— » time

2 — 1l
H_:

i — 1

Figure: Concept map for the unit ‘Motion in a Straightki
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Teacher: Everything around us moves. Can you tell sormgthihat you saw
moving today?

Pupil: Car, bus, people, ball etc.....

Teacher: Today let us discuss Motion of bodies in a straigpe. When a body
moves in a straight line, its position changes.dafe discuss two
concepts related to its motion.

Path length and Displacement

Path length is the total distance travelled by biogly and
displacement is the change in position.

(Teacher counts and walks three steps)

If I cover 1 meter in one step, what is my patlytemow?

Pupil: 3 meters
Teacher: Correct. What is my displacement?
Pupil: 3 meters

Teacher: correct
(Teacher walks back one meter)
Teacher: Now what is my total path length?

Pupil: 4 meter
Teacher: That is correct. Can you tell my total displacei?en
Pupil: Not sure

Teacher: 2 meters, because | am only 2 meters away fromrigiynal position
(Teacher walks back to her original position)
Teacher: Now what is my total path length?

Pupil: 6 meters
Teacher: What is my displacement?
Pupil: zero meters

(Teacher walks two steps backwards)
Teacher: Now what is my path length?

Pupil: 8 meters
Teacher: What is my displacement?
Pupil: 2 metes

Teacher: Itis -2 meters, because displacement dependsrection.
So we see that, displacement can be equal tol@agjth, less than
that, zero or even negative.
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Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Now we can discuss two other quantities relatepktih length and
displacement. They are average speed and averagetyePath
length divided by time is called average speeddisplacement
divided by time is called average velocity.

(Teacher makes 6 steps forward in 2 secondsisks)
Now | moved 6 meters in 2 seconds. What is magwepeed?
3 meter/second
Correct. What is my average velocity?
3 m/s

(Teacher walks back 6 meters in another 2 sex)ond
What is the average speed of total motion?
3 m/s
What is the average velocity of total motion?
0 m/s
Very good. Since displacement is zero, averalpeigis zero.
Most of the time what we need is instantaneouxcitgland not
average velocity. Often, we move with changingonéds. For
example, let us take the case of a car, it moweslglin the
beginning, then fast, etc.... The speed is not at@ohdn such case
velocity at each instant will be different. Velgait an instant is
called instantaneous velocity.
Have you seen speedometer inside a car or a bus?
Yes
Can you guess the type of velocity shown in edipaeter? Is it
average or instantaneous?
Instantaneous
Correct it is calculated as the time derivativeposition. Suppose
position is given as

X=3C+2t+4
What will be the velocity after 2 seconds?
(Workout in their note book. Teacher offgtsdance to some
students)
v=dx/dt
= 3x2t +2
=6t +2
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After 2 seconds,
V=6x2+2
=14 m/s

(Teacher summarizes the concepts taught and asksi@pus to reinforce what
students learned.)
Teacher:  What is the difference between path length andatispent?

What is the difference between average speedagri@gge velocity?

How can we determine instantaneous velocity?
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Objectives:

Lesson 2: Relative Velocity and Acceleration

Name of teacher : Shareeja AliM C

Class 11
Unit : Motion in a Straight Line
Time . 1 hour

To enable students to
» Define relative velocity
» Compute relative velocity
» Define acceleration
» Compute acceleration
» Compare displacement, velocity and acceleration
» Recall equations of motion
* Apply equations of motion in various situations.

Resources: Concept map, diagrams

Phase 1: Presentation of the knowledge domain

(Teacher refreshes the topics covered in the pusviEsson while retracing the
concept map already drawn)

Teacher:

Pupil:

Teacher:
Pupil:

Now let us discuss another type of velocity caligdtive velocity.
This comes to play when more than one body is @ovin
Suppose there are two trains, A and B moving wethcities \{ and
Vg. Then velocity of train A relative to train B is

Vag=Va—\s
Suppose train A is moving Northwards with a speEegbDm/s and
train B is moving Northwards with a speed of 40iWsat is velocity
of train A relative to train B?
(Workout in their note book. Teacher offgtsdance to some
students)

Vag=Va—\s
=60 -40
=20m/s
What will be the relative velocity if B is movisguthwards?
(Workout in their note book. Teacher offgtsdance to some
students)
Vag=Va—\g
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Teacher:
Pupil:

Teacher:

Pupil:
Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

=60 + 40

=100 m/s
Correct. But why did you take 60 + 40
Now train B is moving southwards, opposite todiection of train

A, so ¥=-40m/s

Excellent.
Now let us discuss another physical quantity eslab velocity, whic
Is acceleration. It is defined as change in velodivided by time
interval.
What will be the acceleration of a body movindwatconstant
velocity?
Zero
Good
Suppose a car stars from rest and acceleratesviel@ity of 40 m/s
in 5 seconds. What will be its acceleration?
(Workout in their note book. Teacher offgtsdance to some

students)
Acceleration = Change in velocity/ time
a=(wn-wh
=(40-0)/5
=8 m/g

Correct. Now suppose car stops in 10 secondst Willdbe its
acceleration?
(Workout in their note book. Teacher offgtsdance to some
students)

a=(wn-wh

= (0 —-40)/10

=-4m/g

So we see that just like displacement and vgloatceleration also
can be zero, positive or negative.
Now we can discuss three equations of motion.elfegsations
connect five physical quantities namely, final e&lo(v), initial
velocity (u), acceleration (a), displacement (sl @ime (t). If any
three of them are known, other two can be deterthirseng these
equations.
(Teacher writes the equations on the black board)
Let us see how these equations can be used.

)
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Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

For example, when a ball is thrown from the toa diuilding, it
reaches the ground in 5s. What is the velocity pesbre it touches
the ground?
What physical quantity is given in this example?
time = 5s
What will be the initial velocity of the ball?
Zero
Why is it zero?
It is said that the ball starts moving. So iatgest in the beginning.
Correct. What will be the acceleration on thel®al
9.8 m/$
Why is it 9.8 mf@
The ball accelerates due to gravity.
Correct. So we have time (t), initial velocity &nd acceleration (a).
Which equation can we use to find final velooiy? (
v=u+at
Good. Substitute the quantities and find v.
(Workout in their note book. Teacher offgtsdance to some
students)
v=0+9.8%x5
=49 m/s
Correct. Now can you find the height of the buady?®
Yes. It is the distance travelled by the ball.
Which equation will you use?
S =ut+ % at
Ok. Then substitute the values in the equatiahfend the height (S)
(Workout in their note book. Teacher offgtsdance to some
students)
S = 0x5 + % x9.8x5
=1225m

Correct. Similarly, we can use these equatiordiffierent situations.

Let us now summarize what we learned today atloeimast lesson

(Teacher completes the concept map and asks ssudembderstand and copy
that in their note books)
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Lesson 3: Solving Problems Using Equations of Motiol

Name of teacher : Shareeja AliM C

Class 111
Topic : Motion in a Straight Line
Time : 1 hour

Objectives: To enable students to

» Draw a schematic diagram representing a given probl
situation

 |dentify different physical quantities given inta1y problem

» Select appropriate equations to solve a problem

* Apply equations of motion to compute an unknowngitsl
quantity

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: The engine of an electric train passes a statipmar with a velocity
of 6 m/s. It takes 10 seconds to the tail end@tihin to pass the
same car by which time its velocity is 9m/s. Caltmithe
acceleration of the train.

Phase 3. Problem solving procedure.

Step 1: Surface representation

After 10 seconds
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Step 2: Structure Representation

Teacher:  Let us discuss the motion of the train. With wapegted is the train
approaching the car?

Pupil: 6 m/s

Teacher:  So what is the initial velocity of the train inrgproblem situation?

Pupil: 6 m/s

Teacher:  What is the final velocity of the train in theoptem?

Pupil: 9m/s

Teacher:  Why s it 9 m/s?

Pupil: The train goes past the car with 9 m/s

Teacher:  What time does it take the train to go past e c

Pupil: 10 seconds

Teacher:  What will be the distance covered by the train?

Pupil: Length of the train
Teacher: Is the length of the train mentioned?
Pupil: No

Step 3: Planning the solution

Teacher: Let us now plan which equation can we use anddawwe solve

the problem.
Pupil: Yes
Teacher:  Which physical quantities are known?
Pupil: We know, initial velocity, u
final velocity, v
and time, t
Teacher:  What is to be determined?
Pupil: Acceleration, a.

Teacher:  So which equation can we use to solve this proBle
Pupil: v=u+at

Teacher:  Are all the units in SI system?

Pupil: Yes

Teacher:  So, do we have to make unit conversions?

Pupil: No
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Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,

V=u+ at,
9=6+ax10

Rearranging

a=3/10
=0.3 m/$

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is, v= u+ at
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
vV = u +at
m/s =m/s + mfx s
m/s = m/s + m/s

The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

What was your first step while solving the protbe

We drew the train and car before and after 1€osels and showed
their velocities

Which physical quantities were given directly?

Initial velocity, final velocity and time

Which physical quantities were to be determined?
Acceleration

How did you obtain the required relations?

We analyzed the equations of motion and dedmlede v = u + at
What assumptions did we make?

We have no idea
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Teacher:  We assumed that the acceleration of the trainaiema constant.
This is because we can use equations of motilynfahe
acceleration remains a constant.

How did you solve the problem?

Pupil: We substituted the given values, rearrangectheations and foun
acceleration

Teacher:  Did you face any difficulty in any stage?

Pupil: No

| =

Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gahrgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
A car enters a tunnel with a speed of 4 m/s.ke$eb5 seconds for the ca
to come out of the tunnel by which time its vejositct m/s. Calculate the
acceleration of the car.

(Students workout the problem individually or inahgroups and report to the
teacher)
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Lesson 4: Solving Problems Using Equations of Motioll

Name of teacher: Shareeja AliM C

Class 111
Unit : Motion in a Straight Line
Time : 1 hour

Objectives: To enable students to
« Draw a schematic diagram representing a given grobl
situation
 |dentify different physical quantities given inta1y problem
» Select appropriate equations to solve a problem
* Apply equations of motion to compute an unknownsitsi
quantity

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher:  An electron travelling with a speed of 5%1f/s passes through ar
electric field with an acceleration of ¥an/<. How long will it take
the electron to double its speed?

Phase 3: Problem solving procedure.

Step 1: Surface representation

u =5x10® m/s

v

®
a=10"m/s?
electron
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

Let us discuss the motion of the electron throamglelectric field.
What is the initial velocity of the electron?

5x10° m/s

What is its final velocity?

10x10 m/s

Correct. How did you get final velocity as 10%10/s?

It is said in the problem, that the electroraaitdouble its speed.
Is the electron accelerating?

Yes

Why is the electron accelerating?

The electron is passing through an electriaffiel

How much is its acceleration?

10”m/s

How did you label negative and positive platethimdiagram?
Electron is negatively charged. So it moves talwdhe positive
plate.

What is to be determined?

Time

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Let us now plan which equation can we use anddaowwve solve
the problem.

Yes

Which physical quantities are known?

We know, initial velocity, u

final velocity, v

and acceleration, a

What is to be determined?

Time, t

So which equation can we use to solve this proBle
v=u+at

Are all the units in SI system?

Yes

So, do we have to make unit conversions?

No
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Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,

V=u+ at,
10x10 = 5x10 + 10”xt

Rearranging

t = (5x10°%)/10"
= 5x10" seconds

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is, v= u+ at
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
vV =u +at
m/s = m/s + mfx s
m/s = m/s + m/s

The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

What was your first step while solving the protste

We drew the path of an electron trough an eiedield and showed
its initial and final velocities and acceleration

Which physical quantities were given directly?

Initial velocity, final velocity and acceleratio

Which physical quantities were to be determined?

Time

How did you obtain the required relations?

We analyzed the equations of motion and dedmlede v = u + at
What assumptions did we make?
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Pupil: We assumed that the electron moves towardso$igye plate in a
straight line.

Teacher:  How did you solve the problem?

Pupil: We substituted the given values, rearrangecetheations and foung
time

Teacher:  Did you face any difficulty in any stage?

Pupil: No

Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gahrgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
A proton travelling with a speed of 3XIfi/s passes through an electric
field with an acceleration of £@n/<. How long will it take the proton to
attain thrice its original speed?

(Students workout the problem individually or inahgroups and report to the
teacher)
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Lesson 5: Solving Problems Using Equations of Motiolll

Name of teacher. Shareeja AliM C

Class » 11
Topic : Motion in a Straight Line
Time . 1hour

Objectives: To enable students to
 Draw a schematic diagram representing a given probl
situation
» Identify different physical quantities given in@1y problem
»  Select appropriate equations to solve a problem
*  Apply equations of motion to compute an unknownsitsi
quantity

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A motor car moving with a uniform velocity of 28rmpmes to stop
on the application of breaks, after travelling atdince of 10m.
What is its acceleration?

Phase 3: Problem solving procedure.

Step 1: Surface representation

20m/s stops

v

A
v

10 m
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Step 2: Structure Representation

Teacher:  Let us discuss the motion of the car. What igritieal velocity of

the car?
Pupil: 20 m/s
Teacher:  What is its final velocity?
Pupil: Zero
Teacher:  Correct. How did you get final velocity as zero?
Pupil: It is said in the problem, that the car comesttup.
Teacher:  What is the distance travelled by the car?
Pupil: 10 meters
Teacher:  What is to be determined?
Pupil: Acceleration

Teacher:  What will be the acceleration? It will be positioenegative?

Pupil: Negative

Teacher:  Why do you say it will be negative?

Pupil: When we apply breaks, the velocity of the carafeses. So the
acceleration will be negative.

Teacher:  What do you call negative acceleration?

Pupil: Deceleration

Teacher:  So we can say that the car decelerates

Step 3: Planning the solution

Teacher: Let us now plan which equation can we use anddawwe solve

the problem.
Pupil: Yes
Teacher:  Which physical quantities are known?
Pupil: We know, initial velocity, u

final velocity, v
and distance travelled, S
Teacher: What is to be determined?

Pupil: Acceleration

Teacher:  So which equation can we use to solve this proBle
Pupil: V= U+ 2aS

Teacher:  Are all the units in SI system?

Pupil: Yes

Teacher: So, do we have to make unit conversions?
Pupil: No
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Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,
V2 = u® + 2aS,
0 = (20f + 2xax10
Rearranging
a = -400/20

=-20 m/¢

Phase 4. Metacognitive Analysis
Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used i$=w?+ 2aS
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
V2 = u? +2aS
(m/sf = (m/s¥ + m/$ xm
n'ls” = mPIs” + mls”
The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:

What was your first step while solving the protbe
We drew the path of the car and showed its init&bcity and
distance travelled.
Which physical quantities were given directly?
Initial velocity and distance travelled
Which physical quantities were to be determined?
Acceleration
How did you obtain the required relations?
We analyzed the equations of motion and dedwlede
V2 = u®+ 2aS
What assumptions did we make?
We assumed that the final velocity is zero. iBhicause; the car
comes to a stop on the application of breaks.
How did you solve the problem?
We substituted the given values, rearrangectheations and foun
acceleration
Did you face any difficulty in any stage?

| =

No
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Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following peabboing through all the
steps we practiced today.

(Teacher writes the analogical question on thekbboard)

A train reaches the station with a velocity ofr6(®. It travels 20m before
coming to a halt. What is its acceleration?

(Students workout the problem individually or inahgroups and report to the
teacher)
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Lesson 6: Unit Conversions While Solving Problems

Name of teacher Shareeja AliM C

Class : 11

Topic : Motion in a Straight Line
Time : 1 hour

Objectives: To enable students to

» Draw a schematic diagram representing a given prolgituation
* ldentify different physical quantities given intigy problem

» Convert physical quantities in different units tou8its

» Select appropriate equations to solve a problem

» Compute time taken when distance and speed is given

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A train 100 meter long is moving with a spee@®km/h. In what
time shall it cross a bridge 1 km long?

Phase 3: Problem solving procedure.

Step 1: Surface representation

60km/h

A
v

10 m 1km
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:

Teacher:
Pupil:
Teacher:
Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Let us discuss the motion of the train on thedei What can be
taken as the distance covered?
The length of the bridge
Is the length of the train negligibly small?
No
So, we have to take into account the lengtheofriin also. What is
the length of the train?
100m
What is the length of the bridge?
1 km
Are the length of the train and that of the bedg the same units?
No
Then can we add the lengths?
No
Which one should we convert?
Length of the bridge. It is not in Sl unit.
How can we convert km to meter?
1km = 1000m
Good. Then convert and find the total distanceetied by the
train.
(Workout in their note books)
Distance = 100m +1km
=100m + 1000m

=1100m
What is the speed of the train?
60 km/h
Is km/h a Sl unit?
No

How can we convert it?
(Workout in their note books. Teacher provides goak to some
studenty
60 km/h = 60x1000m/60x60 s
= 16.67 m/s
What is to be determined?
Time
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Step 3: Planning the solution

Teacher: Let us now plan which equation can we use anddawwe solve

the problem.
Pupil: Yes
Teacher.  Which physical quantities are known?
Pupil: We know distance travelled by the train andjieed.
Teacher:  What is to be determined?
Pupil: Time, t
Teacher:  So which equation can we use to solve this problem
Pupil: Speed = distance travelled/time
Teacher:  Are all the units given in S| system?
Pupil: No
Teacher:  Did we convert all the units in to SI?
Pupil: Yes

Step 4: Implementing the plan

Teacher: Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,
Speed = distance travelled/time

16.67 = 1100/time

Rearranging
Time = 1100/16.67
= 66 seconds

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher.  The equation we used is,
Speed = distance travelled / time
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.

Pupil: (work out in their books)
Speed = distance travelled/time
m/s = m/s

The units for all the terms are the same.
Teacher:  Therefore the equation is consistent unit wise.
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Step 2: Monitoring the Procedure

Teacher: What was your first step while solving the protske

Pupil: We drew the train and the bridge and showed tleeigths and the
speed of the train in the diagram

Teacher:  Were the physical quantities given directly?

Pupil: Speed was given, but we estimated the distanaddgg length of
the train and the bridge

Teacher.  Which physical quantities were to be determined?

Pupil: Time

Teacher:  Which equation did you use?

Pupil: Speed = distance travelled / time

Teacher:  were all the equations given in SI?

Pupil: No

Teacher:  What unit conversions did you make?

Pupil: We converted km to meter and km/h to m/s

Teacher:  How did you solve the problem?

Pupil: We substituted the given values, rearrangecthations and foun
time

Teacher:  Did you face any difficulty in any stage?

Pupil: No

Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gairgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
Feroke railway station is 1.5 km long. How londl witake a 150 m long
train to pass the station without stopping, ifgttravelling with a constan
speed of 70 km/h?

(Students workout the problem individually or inahgroups and report to the
teacher)

| =

[ d
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Lesson 7: Estimating Average Speed and Average Velby

Name of teacher : Shareeja Ali M (

Class 111
Topic : Motion in a Straight Lin
Time : 1 hour

Objectives: To enable student:

» Draw aschematic diagram representing a given problenatsaic
* ldentify different physical quantities given intaiy problen

» Select appropriate equations to solve a pro

» Compare and contrast average speed and averaggy

» Compute average speed and age velocity

Resources :Concept map, diagrat

Phase 2: Presentation of the Problem

Teacher: A man travels in his car from home to office atm and fron
office to home at 60 m/<Calculate average speed and aver:
velocity oithat person.

Phase 3: Problem solving procedure.

Step 1: Surface representa

40 m/s

JAN " L
Eﬂ T

home

A

60 m/s office
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Step 2: Structure Representation

Teacher: Let us discuss the motion of the man to hise#imd back home.
What is his speed when he goes to his office?

Pupil: 40 m/s

Teacher:  What is his speed when he returns home?
Pupil: 60 m/s

Teacher.  which physical quantities are to be determined?
Pupil: Average speed and average velocity
Teacher:  What is average speed?

Pupil: Path length / time

Teacher: Is the path length and time given?

Pupil: No

Teacher:  Then what is given?

Pupil: Two speeds are given

Teacher:  True. What is average velocity?

Pupil: Displacement / time

Teacher:  What will be the displacement when the persoohdmmck home?
Pupil: Zero

Step 3: Planning the solution

Teacher: Let us now plan how we can solve the  problem.
Pupil: Yes
Teacher:  Which physical quantities are known?

Pupil: Two speeds

Teacher:  Which physical quantities are to be determined?

Pupil: Average speed and average velocity

Teacher:  How can we determine average speed from two gipeads?
Pupil: Average speed = (speed 1l+speed 2)/2

Teacher:  How can we determine average velocity?

Pupil: Average velocity = Displacement/ time

Teacher:  Are all the units in SI system?

Pupil: Yes

Teacher: So, do we have to make unit conversions?
Pupil: No
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Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,

Average speed = (speed 1 + speed 2)/2
= (40 + 60)/2
=100/2
=50 m/s
Average velocity = displacement/time
=0m/s

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used were
Average speed = (speed 1 + speed 2)/2
Average velocity = displacement/time
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.

(work out in their books)
Average speed = (speed 1 + speed 2)/2
m/s = m/s + m/s
The units for all the terms are the same.
Average velocity = displacement/time
m/s = m/s
The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:

What was your first step while solving the protbe

We drew home and office and showed speed of thewméagoing
to the office and while returning home.

Which physical quantities were given directly?

Two speeds were given

Which physical quantities were to be determined?

Average speed and average velocity




386 META COGNITIVE STRATEGY INSTRUCTION ON PHYSICS PROBLEM $@ING

Teacher:  Which equations were used?
Pupil: The equation we used were
Average speed = (speed 1 + speed 2)/2
Average velocity = displacement/time
Teacher:  What assumptions did we make?

Pupil: We assumed that the motion was uniform whilegytm the office
and on return

Teacher:  Did you face any difficulty in any stage?

Pupil: No

Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gahrgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
A person drives to the fish market at a speedddfrb/h and returns hon
at a speed of 70 km/h. What is the average speediagrage velocity g

e

—h

the person?

(Students workout the problem individually or inahgroups and report to the
teacher)
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Lesson 8: Problems on Relative Velocity |

Name of teacher. Shareeja AliM C

Class » 11
Unit : Motion in a Straight Line
Time . 1 hour

Objectives: To enable students to

* Draw a schematic diagram representing a given prolsituation
* ldentify different physical quantities given intaiy problem

» Select appropriate equations to solve a problem

» Use the concept of relative velocity to computenown time

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher:  On a horizontally moving belt, a child runs witlsgeed of 8 km/h
towards his mother on the ground 500m away. Theidbetoving
towards the mother with a speed of 4km/h. In wina will the
child reach his mother?

Phase 3: Problem solving procedure.
Step 1: Surface representation

4 km/h

500 m
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Step 2: Structure Representation

Teacher:  Let us discuss the motion of the boy on the mydwett. What is the
velocity of the belt?

Pupil: 4km/h

Teacher:  What is the running speed of the boy?

Pupil: 8 km/h

Teacher:  What is the distance to be covered by the boy?
Pupil: 500m

Teacher:  What is to be determined?

Pupil: Time

Step 3: Planning the solution

Teacher: Let us now plan which equation can we use anddawwe solve

the problem.
Pupil: Yes
Teacher:  Which physical quantities are known?
Pupil: We know, the speed of the boy, velocity of éitte dnd distance to

be covered by the boy.
Teacher: What is to be determined?

Pupil: Time

Teacher:  How can we find the velocity with which the bppmaches his
mother?

Pupil: Add the speed of the boy and the belt.

Teacher.  Why should we add the velocities?

Pupil: Both boy and the belt are moving in the same doacBoy is on
the belt.

Teacher:  Correct. Now add and find the velocity of the bppraaching his
mother.

Pupil: 8+4=12km/h

Teacher:  Are all the units in SI system?

Pupil: No

Teacher:  Which physical quantity is not in SI unit?

Pupil: Velocity. It is in km/h

Teacher:  How can we convert km/h in to m/s?

Pupil: 1km/h = 1000/60%60 m/s

Teacher: Correct. Now convert 12km/h in to m/s
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Pupil:

Teacher:

Pupil:

(Work out in their books)
12km/h = 12x1000/ 60x60
=3.33m/s
Now we know velocity and distance in Sl units.dileiquation can
we use to find time?
velocity = distance/ time

Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,
Velocity= distance/ time
3.33 =500/ time
Rearranging

Time= 500/3.33
=150 seconds

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is, velocity = distanceétim
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)

Velocity = distance/ time

m/s = m/s

The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:

What was your first step while solving the protske

We drew a diagram showing the boy running on aingplelt
towards his mother.

Which physical quantities were given directly?

Velocity of the belt and the boy, and distancevben the boy and
his mother.

Which physical quantities were to be determined?

Time
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Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

How did you obtain the relative velocity of thayhwith respect to
his mother?

We added the velocity of the belt and the boy.

How did you calculate time?

We used the equation, velocity = distance/ time

Where all the quantities in Sl unit?

No

which physical quantity was not in SI?

Velocity

What unit conversions did you make?

km/ h to m/s

How did you convert km/h to m/s?

1km/h = 1000/60%x60 m/s

How did you solve the problem?

We substituted the given values, rearrangecthations and foun
time

Did you face any difficulty in any stage?

| =

No

Step 3. Analogical Problem Solving

Teacher:

A train moves towards a tree, 3km away with a dpee 100km/h. A
monkey runs on the train in the same directiomwaitspeed of 10km/h.
what time will the monkey reach the train?

Now you have to solve the following problem gaimgugh all the
steps we practiced today.

(Teacher writes the analogical question on thekbboard)

>

n

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 9: Problems on Relative Velocity Il

Name of teacher : Shareeja AliM C
Class c11

Topic : Motion in a Straight Line
Time : 1 hour

Objectives: To enable students to
» Draw a schematic diagram representing a given prolgituation
* ldentify different physical quantities given intaiy problem
» Select appropriate equations to solve a problem
» Compute relative velocity of bodies moving in opp®oslirections

Resources : Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A train moves towards south with a speed of 100k monkey
runs on the train towards north with a speed of 8kriiVhat is the

relative velocity of the monkey with respect tocdrserver on the

platform?

Phase 3: Problem solving procedure.

Step 1: Surface representation

100 km/h observer
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Let us discuss the motion of the monkey on #we. tWhat is the
speed of the monkey?

8km/h

What is the speed of the train?

100 km/h

Are they moving in the same direction?

No

Suppose you are standing on the platform. Will s@e the monkey
moving towards you?

No. It will be moving away.

Why the monkey will move away even if it is ngptomvards you?
Because the train is moving much faster thamibakey.

In which direction is the train moving?

Southwards

In which direction is the monkey moving?

Northwards

When you observe the running monkey from théoptat in which
direction will it move?

Southwards in the direction of the train.

Now we have to compute the speed of the monlaiveesto the
stationary observer on a platform.

Step 3: Planning the solution

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Let us now plan how we can solve the problem.

Yes

Which physical quantities are known?

Velocity of the train and the monkey.

What is to be determined?

Velocity of the monkey with respect to the siaiip observer.
Which equation can we use?

Relative velocity = Velocity of the train- Velgcdf the monkey.
Why do we have to subtract?

Because they are moving in opposite directions.

Are all the units in SI system?

No

Do we have to make unit conversions?

No

Why we don’t have to convert?

All units are in km/h. we can compute the ansv&s an km/h
Ok.
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Step 4: Implementing the plan

Teacher: Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,
Relative velocity = velocity of the train-velgctaf monkey

=100-8
=92 km/h
Teacher:  What is the direction of this velocity?
Pupil: Southwards

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:  We used the equation
Relative velocity = velocity of the train- velgcaf the monkey
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.

Pupil: (work out in their books)
Relative velocity = velocity of the train-velocafthe monkey

Km/h =km/h — km/h

The units for all the terms are the same.

Teacher:  Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher: What was your first step while solving the protske

Pupil: We drew a diagram showing a monkey running traia towards
an observer.

Teacher:  Which physical quantities were given directly?

Pupil: velocity of the train and the monkey

Teacher.  Which physical quantities were to be determined?
Pupil: Relative velocity of the monkey with respect¢h&observer.
Teacher.  Which equations were used?

Pupil: The equation we used were

Relative velocity = velocity of the train — valyaf the observer
Teacher:  Did you make any unit conversions

Pupil: No
Teacher:  How did you find the direction of relative veloGity
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Pupil: We assumed it to be in the direction of thentras it is moving
faster.

Teacher:  Did you face any difficulty in any stage?

Pupil: No

Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gahrgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
A train moves towards north with a speed of 80ki/kangaroo jumps or
the train with a speed of 12km/h towards south. Mihidbe the velocity of
the kangaroo with respect to the observer on grGund

(Students workout the problem individually or inahgroups and report to the
teacher)
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Lesson 10: Problems on Retarded Motion

Name of teacher Shareeja AliM C

Class : 11

Topic : Motion in a Straight Line
Time : 1 hour

Objectives: To enable students to

Draw a schematic diagram representing a given prolgituation
Identify different physical quantities given int@isy problem

Convert physical quantities in different units tougits

Select appropriate equations to solve a problem

Compute time taken for a retarded motion when dctand speed are
given

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher. A car moving along a straight road with a speéd2km/h stops

within a distance of 200m. How long does it taleedhr to stop?

Phase 3. Problem solving procedure.

Step 1: Surface representation

- N - -

&
|
i

A
v

200m Car stops
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Step 2: Structure Representation

Teacher:  Let us discuss the motion of the car on a stiiaigad. What is the
speed of the car?

Pupil: 72km/h

Teacher:  What happens to the car after sometime?

Pupil: It stops

Teacher:  So, what will be its final velocity?

Pupil: Zero

Teacher: Is the car accelerating?

Pupil: No

Teacher: It has negative acceleration. What is negativeeteration called?
Pupil: Deceleration

Teacher: Yes, and the car is said to have retarded motighat is the
distance travelled by the car before stopping?

Pupil: 200m
Teacher:  Like distance, are all the given units in SI?
Pupil: No
Teacher: Do we have to convert any unit?
Pupil: Yes
Teacher:  Which unit do we have to convert?
Pupil: km/h to m/s
Teacher:  How can we convert km/h to m/s?
Pupil: 1 km/h = 1000/ 60x60 m/s
Teacher:  Good. Now convert 72km/h in to m/s
Pupil: (Workout in their note books)

72 km/h = 72x1000/ 60%x60

=20 m/s

Teacher: Correct

Step 3: Planning the solution

Teacher: Let us now plan which equation can we use anddawwe solve

the problem.
Pupil: Yes
Teacher:  Which physical quantities are given?
Pupil: Initial velocity and distance
Teacher:  Which physical quantities were assumed?
Pupil: Final velocity

Teacher: What is to be determined?
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Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Time

We have initial velocity (u), distance (s), aimf velocity. Can we
find time using any one of the three equationsation?

No

What is to be calculated first?

Acceleration

Or retardation in this case. Which equation canuse?

V= u’+ 2aS

Correct. Once we get acceleration, which equatian we use to
find time?

vV = u+at

correct

Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,

V2= U+ 2aS
0 = (20Y + 2xax200
0 = 400+400a
Rearranging
a= -400/400
=-1m/g
Substituting in the second equation

V= u +at

0 =20+ (-1)xt
0 =20-t

Rearranging,
Time = 20 seconds
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Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

Pupil:

Teacher

The equation we used was,
Vo= U’ + 2aS
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
Vo = U” + 2aS
(m/sf =(m/sY +m/s* xm
The units for all the terms are the same.
Therefore the equation is consistent unit wise.
We also used the equation,
V=u+at
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
V=u+at
m/s = m/s + mfSxs
m/s = m/s + m/s
The units for all the terms are the same.
Therefore the equation is unit wise consistent

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

What was your first step while solving the protbe
We drew a diagram showing the car and labelgdhitial velocity
and distance travelled.
Were the physical quantities given directly?
No. We had to assume final velocity as zerogsiine car stops.
Which physical quantities were to be determined?
Time
Which equation did you use?
We used two equations of motion,
V2 = u®+ 2aS
and
v=u+at
were all the equations given in SI?
No
What unit conversions did you make?
We converted km/h to m/s
How did you solve the problem?
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Pupil: We substituted the given values, rearranged thatmns and foung
time

Teacher:  Did you face any difficulty in any stage?

Pupil: No

Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gaimgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
An airplane lands with a horizontal velocity ofdkén/h and comes to stop
with in a distance 400m on ground. How long doé¢ake the airplane to
stop?

(Students workout the problem individually or inahgroups and report to the
teacher)
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Lesson 11: Circular Motion

Name of teacher:  Shareeja AliM C

Class 11
Unit : Motion in a Plane
Time ;1 hour

Objectives: To enable students to
» Cite examples for motion in plane
* Rewrite equations of motion in two dimensions safedy
» Describe Circular motion
» Describe uniform circular motion
» Define centripetal acceleration
» Compute centripetal acceleration
» Define angular velocity
» Compute angular velocity

Resources: Concept map, thread, stone, bottle &frwa

Phase 1. Presentation of Knowledge domain.

(The concept map for the unit, ‘Motion in a Pladeveloped during the lesson is
shown in figure.)
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MOTION IN A PLANE

Two Dimensional Motions

Equations of Motion

For x- direction

Uniform Circular Motion

Centripetal
acceleration,

For y- direction Angular

Vy = Uy + ayt Velocity,

Vy=uy+at

Sy=ut+% axt2

V,2 = u’ +2a,S,

N

v is final velocity

S,=ut+%at a.=V*/R

V,? = u,” +2a,5,

/

w=Vv/R

v is linear velocity

R is radius of circular
path

u is initial velocity
S is displacement

a is acceleration ¥

Projectile Motion

A 4

I /For Vertical \ Kl'ime of flight, \

tistime

(¢

or Horizontal
Motion Motion T=2uSind /g
uy=u Cos 8 Uy=uSin® Height of
v, = u Cos 0 vy =uSin B -gt projectile,
H=u’Sin’0/ 2g

\ax=0 j Cvz‘g /

Horizontal Range,

Q=u25in29/g j

u is initial velocity

0 is angle of projection

Figure: Concept map for the unit ‘Motion in a Plane’
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Teacher:

Pupil:
Teacher:

Pupil:
Teacher:

We have learned about motion and solved somdesmabto find out
velocity, acceleration, time and distance.

Suppose an ant is moving on a globe, can wehgssame equation
to find out its distance, speed etc...

Not sure

(Puts a point on the board and asks)

How can we find the position of this point? Hoany co-ordinates
do we need to exactly locate its position?

Two. X and Y co-ordinates

Correct. Similarly, when an insect moves on ltiward, we will
need its velocity, acceleration, distance etc..wa dimensions. In
X and Y, or in horizontal and vertical directior&ich motions are
called two dimensional or motion in a plane.

(Teacher moves a chalk piece on the board. 2mieteizontally (in X direction)
and 3 meters vertically (in Y direction))

Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Now, what is the horizontal displacement of thalk?
2 meters
correct. What is the vertical displacement of chalk?
3 meters
(Takes the chalk diagonally to the same positioon@ second)
Now can you guess the horizontal velocity?
2m/1s = 2m/s
That is correct. Can you guess the vertical igJ@c
3m/1s = 3m/s
Correct.
Just as you used the equation,
velocity = distance / time
in two dimensions separately. You can apply e&theothree
equations of motions in two dimensions separately.
What are the three equations of motion?

V= u+at
S =ut+ % at
V2 = U? +2aS

(Writes the equations on board and asks)

Can you now write the equations separately fan® Y directions?

You just have to put subscripts X and Y for veéscdistance and

acceleration.

Will time change in two directions?

No

So, do you need to put subscripts for time?

No

Now write equations of motion in X and Y directiceparately.

(Write in their note books. Teacher gives guidaiacgome children
For X direction (Horizontal)
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Vi = Uy + ayt
Sc= Ut + ¥ at°
Ve = Ul + 23S,
For Y direction (Vertical)
Vy = Uy +ayt
S=ut+%at’
v’ =0’ +2a,8,

Teacher: (Teacher ties a stone on a rope and rotates it)

Can you guess what type of motion is this? sniotion in a
straight line or in a plane?

Pupil: It is not a straight line motion. We are notaifris motion in a
plane.

Teacher:  This is motion in a plane, or two dimensional ioreg. The
dimensions in this case are radial i.e., alongtthéius of its path
and tangential, i.e., along the tangent of theleirc

(Teacher draws on the board)

tangential
(Teacher again rotates the stone
Teacher: | am rotating the stone with constant speed.dséocity changing’
Pupil: No
Teacher: Is the direction of velocity changing?
Pupil: Yes

Teacher:  So its velocity changes. Therefore it has acegien. This
acceleration is called centripetal accelerationc#in be computed
using the equation,

a. = VIR,
where v is the linear velocity and R is the radiu
In the case of the rotating stone, what will be tadius?

Pupil: Length of the thread

Teacher:  Very good. Suppose this thread is 2m long andtibige is rotating
with a linear velocity of 4 m/s. Compute the cedtal acceleration
of the stone.

Pupil: (Work out in their books. Teacher provides helgdme children)

a. = V’IR
=4°2
=16/2

=8 m/<
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Teacher:

Pupil:

Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Just like centripetal acceleration, it have aragutelocity, which is
defined as , w = VIR
Can you compute the angular velocity of the stone
(Work out in their books. Teacher provides helgdme children)
w = VIR
= 4/2
=2
Correct, but what will be the unit of angular veiky?
Not sure
When a body moves in a straight line, its distaciange with time.
So the unit of velocity is that of distance/ time, m/s. When a
stone moves in a circle, its angle changes witle tiihat is the Sl
unit of angle?
Radians
Therefore the unit of angular velocityadians/second.

(Teacher summarizes the topics covered, completesdancept map and asks
some assessment questions)

Teacher:

Give few examples for motion in a plane.

What is the equation to compute centripetal aaregion?
What is the equation to compute angular velocity?
What is the unit of angular velocity?




Objectives:

Resources:
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Lesson 12: Projectile Motion

Name of teacher.  Shareeja AliM C

Class c 11
Topic :  Motion in a Plane
Time : 1 hour

To enable students to

* |dentify projectile motion as two dimensional
» Cite examples for projectile motion
» Compute initial and final velocity of a projectile horizontal

direction

» Compute initial and final velocity of a projectile vertical

direction

» Estimate time of flight of a projectile
» Estimate height of a projectile
» Estimate horizontal range of a projectile

Concept map, diagrams

Phase 1. Presentation of the knowledge domain
(Teacher refreshes the topics covered in the pusviEsson while retracing the
concept map already drawn)

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Pupil:

YAWAWAVA

Do you like cricket?

Yes

Can you draw the path of the ball when a (1) leowhrows it?
(Draws the path of the ball in their noteok)

Correct. Can you draw the path of the ball whe2)abatsman
strikes it?

(Draws the path of the ball in their note book)

Excellent.

Now try to draw the path of the

(3) ball, when a football is kicked.

(4) ajavelin is thrown.

(Draws the path of the ball in each case in theie thook)




406 META COGNITIVE STRATEGY INSTRUCTION ON PHYSICS PROBLEM $@ING

Teacher:

(Teacher draws on the board)

Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Pupil:
Teacher:

Pupil:

Good

In each of these cases the ball’s trajectory maeabola. This type
of motion is called projectile motion. It is a twlomensional motion
or motion in a plane. The projectile motion is chaeterized by an
initial velocity (u) and angle of projectio@), We can determine th
velocity (v) at any time (t) in both horizontal avettical
dimensions using the following equations.

A )
vy = usinB - gt

V, = U cosO

u, = u sinB 6

»
»

v

U, = U cosB

When the body is in air, what is the acceleratorthe body?
Gravity

Yes, it is acceleration due to gravity (g). Inievhdirection is it
acting?

Downwards

It is acting downwards or in the vertical diremti. Therefore we can

write

a,=-g
Is there any acceleration in the horizontal diten?
No
Therefore we can write

a,=0
Suppose a ball is thrown with an initial veloaatiy4m/s, making an
angle of 38with the horizontal. Can you estimate the initial
velocity in X and Y directions?
(Workout in their note book. Teacher offers guidat@some
students)

e
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Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

u,=u Co9
= 4x Cos30
= 4x0.866
=3.464 m/s
Uy =u Sirg
= 4xSin30
=4x0.5
=2m/s
Correct. Now can you estimate velocity of the mak and y
directions after 0.2 seconds?
(Workout in their note book. Teacher offers guidate some
students)
vV, = u Cog
= 4xCo0s30
=4x0.866
=3.464 m/s
Vy = u Sirg - gt
=4xSin30 — 9.8x0.2
=2-1.96
=0.04m/s
Correct. You can see that the horizontal veloattyelocity in the x;
direction does not change. Why is it not changing
Because there is no acceleration
Good. You can see that the vertical velocityedoeity in y-
direction decreases. Why is it decreasing?
The ball accelerates due to gravity downwards.
Excellent.
Once thrown, the time for which the ball remamair is called the
time of flight. We can estimate it using the eiguna
T=2uSiw/g
Can you estimate the time of flight of the dalbtvn with initial
velocity 40m/s making 3ith the x-axis?
(Workout in their note book. Teacher offguidance to some
students)
T=2u Sir¥ /g
= (2x40xSin30)/9.8
= 4.08 seconds
Correct.
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Pupil:

Teacher:

Pupil:

Teacher:

The maximum height reached by the projectilelmaestimated
using the equation,
H = u?® Sirfé/2g
Can you estimate the maximum height of the bedlin with initial
velocity 40m/s making 3@ith the horizontal?
(Workout in their note book. Teacher offers guidate some
students)
H = u? Sirfo/2g
= (40)* (Sin 30§/2x9.8
= (1600x%0.25)/19.6
=20.4m
Correct
The distance covered by the ball on ground whéallg is called
the horizontal range. It can be estimated usingetyeation,
R= ¥ Sin® /g
Can you estimate the horizontal range of a batbwn with an
initial velocity of 40m/s making 3®ith the horizontal?
(Workout in their note book. Teacher offers guidat@some
students)
R= \* Sin® /g
= [(40)? Sin (2x30)]/9.8
= (1600%0.866)/9.8
= 141.39m
Correct. Similarly, we can use these equatiordifiierent
situations.
Let us now summarize what we learned today atlteitast lesson

(Teacher summarizes the lesson and asks a fewiangesir reinforcement)

Give some examples for projectile motion.

What will be the horizontal acceleration of a jadile?
What will be the vertical acceleration of a proijiée?
What is time of flight of a projectile?

What is horizontal range of a projectile?

(Teacher completes the concept map and asks ssumemmderstand and copy
that in their note books)
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Lesson 13: Time of Flight of a Projectile

Name of teacher: Shareeja AliM C

Class 111
Unit : Motion in a Plane
Time : 1 hour

Objectives: To enable students to
 Draw a schematic diagram representing a given probl
situation
» Identify different physical quantities given in@1y problem
»  Select appropriate equations to solve a problem
*  Apply equations of motion to compute time of fligifta
projectile

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher. A projectile is fired with a horizontal velocity 330m/s from the to
of a cliff 80m high. How long will it take the pegfile to strike the
level ground at the base of the cliff?

O

Phase 3: Problem solving procedure.

Step 1: Surface representation

30 m/s
—
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Step 2: Structure Representation

Teacher:  Let us discuss the motion of the projectile inzumtal and vertical
directions. What is the horizontal velocity of tbrojectile?

Pupil: 330 m/s

Teacher:  What is the horizontal distance travelled?
Pupil: Unknown

Teacher:  What is the initial vertical velocity?

Pupil: Unknown

Teacher: Is said in the problem that the projectile isfirhorizontally. So its
vertical velocity can be taken as zero. What isviritical distance
covered by the projectile?

Pupil: Height of the cliff, i.e., 80m.

Teacher:  What is the vertical acceleration of the proj&2i

Pupil: -9.8m/$

Teacher:  What is the horizontal acceleration of the praje®

Pupil: Zero

Step 3: Planning the solution

Teacher: Let us now plan which equation can we use anddawwe solve

the problem.
Pupil: Yes
Teacher:  Which are the known vertical quantities?
Pupil: We know, initial velocity, u

Acceleration, a

and distance, S
Teacher:  Which are the known horizontal quantities?
Pupil: We know, initial velocity, u

And, acceleration, a
Teacher:  What is to be determined?

Pupil: Time, t

Teacher:  So which equation can we use to solve this proBle
Pupil: S=ut+%at

Teacher: In horizontal or vertical directions?

Pupil: Vertical

Teacher:  Why can’t we use it in horizontal direction?
Pupil: Because distance covered by the projectile is nowk
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Teacher:  Are all the units in SI system?

Pupil: Yes

Teacher: So, do we have to make unit conversions?
Pupil: No

Step 4: Implementing the plan

Teacher: Now we can proceed according to our plan.

(Teacher work out on the black board)
Substituting the values in equation,
S=ut+% af,
80 = 0 + 15 x-9.8%t
80 = -4.9¢
Rearranging
t* = 80/4.9
=16.33
t=4.04 seconds

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:  The equation we used is, S=ut + ¥ at

Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.

Pupil: (work out in their books)
S =ut+% af
m =m/s xs + m/§xs®
m=m +m
The units for all the terms are the same.

Teacher:  Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher: What was your first step while solving the protsbe
Pupil: We drew a diagram showing a boy on a cliff thragaa projectile.

Teacher:  Which physical quantities were given directly?
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Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:

Initial velocity of the projectile in horizontdirection and height of
the cliff

Which physical quantities were to be determined?

Time of flight of the projectile

What physical quantities did you assume?

Initial velocity in vertical direction, and vertt acceleration

How did you obtain the required relations?

We analyzed the equations of motion in two daw@&s and decide
to use S = ut + % &in vertical direction.

How did you solve the problem?

We substituted the given values, rearrangecthations and foun
acceleration

Did you face any difficulty in any stage?

No

| =

Step 3. Analogical Problem Solving

Teacher:

Now you have to solve the following problem gaimgugh all the
steps we practiced today.

(Teacher writes the analogical question on thekbboard)

An aircraft 500m above ground is flying with a izontal velocity
15m/s. It drops a bomb. How long will it take thosrib to reach the
ground?

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 14: Horizontal Range and Maximum Height of &rojectile

Name of teacher: Shareeja AliM C

Class 111
Unit : Motion in a Plane
Time : 1 hour

Objectives: To enable students to

 Draw a schematic diagram representing a given probl
situation

» Identify different physical quantities given in@1y problem

»  Select appropriate equations to solve a problem

»  Describe the angles of projection for maximum heayid
maximum horizontal range

*  Use equations for horizontal range and maximumtieaga
projectile

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher. A boy can throw up a ball to a maximum height@h. To what
distance can he throw the same ball on the gr@und

Phase 3. Problem solving procedure.

Step 1: Surface representation

<

45°
~

v
v

A
10m [\
4 90°
* \

Maximum range
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Step 2: Structure Representation

Teacher:  Let us discuss the motion of the ball. Whatésnmfaximum height
the ball can reach?

Pupil: 10m

Teacher: Is any other physical quantity given?

Pupil: No

Teacher:  What should be the angle of projection to reaeximum height?
Pupil: It should be thrown upwards.

Teacher:  When the ball is thrown vertically upwards, itegée with the
horizontal will be 98 So what is the angle of projection for
maximum height?

Pupil: ol

Teacher:  What is to be determined?

Pupil: Maximum possible horizontal range.

Teacher:  what should be the angle of projection for maximhorizontal
range?

Pupil: 45

Step 3: Planning the solution

Teacher: Let us now plan which equation can we use anddawwe solve

the problem.
Pupil: Yes
Teacher:  Which physical quantity is given?
Pupil: Maximum height
Teacher:  What is the angle of projection for maximum h&igh
Pupil: elod
Teacher:  what is the equation for height of the proje&ile
Pupil: H = u* Sirfd/2g
Teacher:  We know H@ and g. what is the unknown quantity in this ecureRi
Pupil: Initial velocity, u

Teacher:  So, we can find u using the equation for heighhe projectile.
What is asked to find out in the problem?

Pupil: Maximum possible horizontal range
Teacher: What is the equation for horizontal range?
Pupil: R = Sind/g

Teacher: Do we know @, and g?

Pupil: Yes

Teacher: are u and g in Sl units?

Pupil: Yes
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Step 4: Implementing the plan

Teacher: Now we can proceed according to our plan.
(Teacher work out on the black board)
To find initial velocity, substituting the valuesequation,
H = u? Sirfo/2g
10 =  (Sin 90§/2x9.8
= 1f/19.8
Rearranging
U’ =10x19.8
=198
Therefore, u =14 m/s
To find maximum range, substituting in equation

R = U Sind/g
= (14)* Sin (2x45)/9.8
=198/9.8
=20.2m

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:  The equation we used is, R=$ind/g

Write the units used for each of the quantitied see whether they

are the same for each term on either side oktheation.
Pupil: (work out in their books)

m =(m/s§ /(m/$)
m=m

The units for all the terms are the same.

Teacher:  Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher: What was your first step while solving the protsbe

Pupil: We drew the path of the ball as is goes the lEgpeint and
realized that the angle of projection will be®90

Teacher:  Which physical quantities were given directly?

Pupil: The maximum possible height of the ball

Teacher:  Which physical quantities were to be determined?
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Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:

the maximum horizontal range

How did you obtain the required relations?

We analyzed the equations for height of a ptdgeand horizontal
range of the projectile

What assumptions did we make?

We assumed that the angle of projection for mari height is 0
and that for maximum range is45

How did you solve the problem?

We substituted the given values, rearrangecthations and foun
horizontal range

Did you face any difficulty in any stage?

Only in the begining

| =

Step 3. Analogical Problem Solving

Teacher:

Now you have to solve the following problem gaimgugh all the
steps we practiced today.

(Teacher writes the analogical question on thekbboard)

A kangaroo can jump to a maximum height of Smwiat
maximum distance can it jump on ground?

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 15: Uniform Circular Motion

Name of teacher. Shareeja AliM C

Class c 11
Topic . Motion in a Plane
Time - 1 hour

Objectives: To enable students to
» Draw a schematic diagram representing a given probl
situation
* |dentify different physical quantities given intai1y problem
» Select appropriate equations to solve a problem
» Compute linear velocity and hence angular velocity
Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher:  a boy revolves a stone on a string 10cm long #gambmpleting 10
revolutions in 10 seconds. What is the angul@&esiof the stone?

Phase 3. Problem solving procedure.

Step 1: Surface representation

10 revolutions in 10 seconds
10cm
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Step 2: Structure Representation

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

What are the quantities given in the problem?
Length of the string, number of revolutions madd time
What is to be determined?
Angular velocity
Are all the quantities in Sl unit?
No
What is not in S| unit?
Length of the string. It is in centimeter.
How can we convert centimeter to meter?
1cm=1/100 m
Then convert 10 cm to meter
(Workout in their books)
10 cm = 10/200 m
=0.1m

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:

Pupil:

Let us now plan which equation can we use anddaowwve solve
the problem.
Yes
What is to be determined?
Angular velocity
What is the equation to find angular velocity?
w = VIR
Do you know linear velocity, v?
No
What is the circumference of a circle, or theatise covered by a
body when it makes one complete revolution?
2R
Then what will be the distance covered when tduy lmakes 10
revolutions?
27R%10
What is the time taken for this motion?
10 seconds
Now you know the distance isRx10 and time is 10 seconds. So
calculate velocity.
27R%10 /10 = ZR
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Step 4: Implementing the plan

Teacher:

Now we can proceed to calculate angular velocity
(Teacher work out on the black board)

Substituting the values in equation,

w = VIR

= 27RIR

=2
=2x3.14
= 6.28 radians/seconds

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used i8,= (2zR)/(timexR)
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
Radians/s = (radiansxm)/(sxm)
Radians/s = radians/s
The units for all the terms are the same.

Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Pupil:

Teacher:
Pupil:

What was your first step while solving the protsbe

We drew the circular path of the stone

Which physical quantities were given directly?

length of the string, number of revolutions madd ame taken
Which physical quantities were to be determined?

angular velocity

How did you obtain the required relations?

We calculated the circumference of the circld ame taken to find
velocity. The substituted it in the equationdagular velocity.

We substituted the given values, rearrangecthations and foun
angular velocity

Did you face any difficulty in any stage?

| =

Only in the beginning stage
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Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following peabboing through all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
An insect trapped in a circular groove of radiu&gin moves along
the groove steadily and completes 7 revolutionE)ids. What is the
angular speed of the insect?

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 16: Horizontal Range of a Projectile

Name of teacher Shareeja AliM C
Class : 11

Topic : Motion in a Plane
Time : 1 hour

Objectives: To enable students to

» Draw a schematic diagram representing a given probl
situation

* |dentify different physical quantities given inta1y problem

» Convert physical quantities in different units tougits

» Select appropriate equations to solve a problem

» Compute horizontal range of a projectile using ¢igna of
motion in vertical and horizontal directions sepeira

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A helicopter 500m high is flying horizontally ivé speed of
144km/h. It drops a food packet. How far shouldwg just below
the helicopter run to get the food packet?

Phase 3: Problem solving procedure.

Step 1: Surface representation

— 144km/h

L >
>
A

Y

500 m
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Let us discuss the motion of the projected fauaket in the
horizontal and vertical direction. What is the ialthorizontal
velocity of the projected food packet?

144km/h

What is its initial vertical velocity?

Zero

What is the horizontal distance covered?

Unknown. It is to be determined.

What is the vertical distance covered?

500m

What is the horizontal acceleration?

Zero

What is the vertical acceleration?

9.8 m/$

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Let us now plan which equation can we use anddaowwve solve
the problem.

Yes

What are the known horizontal physical quantities

Initial velocity and acceleration

Can we find distance travelled using, S=ut + %at
No, because we do not know time.

What are the vertical physical quantities known?
Initial velocity, distance and acceleration

Can we find time using these quantities?

Yes, using S = ut + Y4t
Are all the quantities in SI?
No. Initial horizontal velocity is in km/h
Then convert it in to m/s
(Work out in their note books. Teacher ddfeelp to some student
144km/h = 144x1000/60%x60 m/s
=40 m/s

)
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Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
To find time, substituting the vertical quanttie equation,
S=ut + % af
500 = 0 + % x9.8¢
500 = 4.6t
Rearranging
t* = 500/4.6
=108.7
Therefore, t =10.42 seconds
To find horizontal distance covered, substitutigizontal
guantities in equation,
S = ut + ¥ at
= 40x10.4 + %> x0x(10.42Y
=417.03 m

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is,

S = ut + ¥ af
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)

S=ut+%at

m =m/s xs + m/éx s°
m=m +m

The units for all the terms are the same.
Therefore the equation is consistent unit wise.
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Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

What was your first step while solving the protske

We drew the diagram showing a helicopter droppirfigad packet
and marked its initial velocity, and height frone thround
What were the physical quantities given directly?

Initial horizontal velocity and vertical distanoc®vered.
Which physical quantities were to be determined?
horizontal distance covered by the projectile

What physical quantities did you assume?

We assumed initial vertical velocity as zero, icattacceleration as
9.8, and horizontal acceleration as zero

Which equation did you use?

We used S= ut + %2 %tin vertical and horizontal directions
seperately

were all the equations given in SI?

No

What unit conversions did you make?

We converted km/h to m/s

How did you solve the problem?

We substituted the vertical values in S= ut -a#and found
time. Then we substituted the horizontal qua#iin the same
equation and found the horizontal range.

Did you face any difficulty in any stage?

In the planning stage. But now it is clear.

Step 3. Analogical Problem Solving

Teacher:

Now you have to solve the following problem gaimgugh all the
steps we practiced today.

(Teacher writes the analogical question on thekbboard)

An aeroplane is flying in a horizontal directionthva velocity of
360km/h at a height of 1960m. How far from a gitagget, should
it release a bomb to hit the target?

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 17: Time of Flight of a Projectile

Name of teacher : Shareeja AliM C
Class 111

Topic : Motion in a Plane
Time : 1 hour

Objectives: To enable students to

» Draw a schematic diagram representing a given probl
situation

* ldentify different physical quantities given intiy problem

» Select appropriate equations to solve a problem

» Compute time of flight of a projectile from equatsoof motion
in two dimensions

Resources : Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A monkey jumps from the branch of a tree 20m fi@h the
ground with a horizontal velocity of 40m/s. Howmdowill it stay in
air?

Phase 3: Problem solving procedure.

Step 1: Surface representation
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Step 2: Structure Representation

Teacher:  Let us discuss the motion of the monkey in thiedrdal and
vertical directions. What is the horizontal vetgof the monkey?

Pupil: 40 m/s

Teacher:  What is the initial vertical velocity of the mayR

Pupil: Zero

Teacher:  What is the horizontal distance travelled by ith@enkey?

Pupil: Unknown

Teacher:  What is the vertical distance travelled by thenkey?

Pupil: 20m

Teacher:  What is the horizontal acceleration?
Pupil: Zero

Teacher:  What is the vertical acceleration?
Pupil: 9.8 m/é

Teacher: What is to be determined?

Pupil: Time of flight of the monkey

Step 3: Planning the solution

Teacher: Let us now plan what equations can be used amdvi® can solve

the problem.
Pupil: Yes
Teacher:  Which horizontal physical quantities are known?
Pupil: Initial velocity and acceleration
Teacher:  which vertical physical quantities are known?
Pupil: Initial velocity, acceleration and distance.
Teacher:  which equation can be used to find time?
Pupil: S = ut + ¥ at in vertical
Teacher.  Why can’t we use it in horizontal direction?
Pupil: horizontal distance covered by the monkey is nowk
Teacher:  Are all the units in SI system?
Pupil: Yes

Teacher: So, do we have to make unit conversions?
Pupil: No
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Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,

S=ut+% af
20 =0 + % x9.8 xf
20 = 4.9¢
Rearranging
t* = 20/4.9
=4.08
Therefore, t =2.02 seconds

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is,

S = ut + ¥ af
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)

S = ut + ¥ af

m =m/s xs + m/éx s°
m=m +m

The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:

What was your first step while solving the protste

We drew a diagram showing a monkey jumping frane@and we
marked its initial velocity and height of thedre

Which physical quantities were given directly?

Initial horizontal velocity of the monkey andtieal distance
covered by the monkey

Which physical quantities were to be determined?

Time of flight of the monkey

Which equations were used?
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Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

S=ut+% at

What assumptions did we make?

We assumed that the vertical acceleration isa®@ that the initial
vertical velocity is zero

Did you face any difficulty in any stage?

No

Step 3. Analogical Problem Solving

Teacher:

Now you have to solve the following problem gahrgugh all the
steps we practiced today.

(Teacher writes the analogical question on thekbboard)

A bird flying at a height of 60m with a horizonsgdeed of 50m/s
drops a fish in its mouth. How long will it takeetfish to reach the
ground?

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 18: Time for Upward and Downward Motion

Name of teacher: Shareeja AliM C

Class c 11
Topic : Motion in a Plane
Time - 1 hour

Objectives: To enable students to
» Draw a schematic diagram representing a given pnobl
situation
» ldentify different physical quantities given intaigy problem
» Select appropriate equations to solve a problem
» Estimate the time for upward and downward motiangis
equations of motion
Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A boy is playing with a ball in a train moving Wwia speed of
100km/h. If he throws the ball up with a speed@h/. How long
will the ball stay in air before reaching his hards

Phase 3. Problem solving procedure.

Step 1: Surface representation

V=0m/s
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Let us discuss the case of a ball moving upwakteen the ball
moves upwards, what happens to its velocity? Diaasrease or
decrease?

Decreases

So, Is its acceleration positive or negative?

negative

What will be the magnitude of acceleration?

9.8 m/§

Why is it 9.8 mfs

the ball is accelerated by gravity

So, we can take the acceleration,

a=-9.8m/é

At the topmost point the ball remains stationamyd fraction of a
second and comes back. So what will be the firlating for
upward motion?

Zero

Yes, so we can take final velocity, v=0m/s

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:
Teacher:
Pupil:

Let us now plan which equation can we use anddawwve solve
the problem.

Yes

Which physical quantities are known?

We know, initial velocity, final velocity, andceleration.

What is to be determined?

Time

So which equation can we use to solve this proBle

v=u+at

this will give us only the time for upward moti@ut the time taken
for upward motion will be same as the time takerdwnward
motion. Can you guess how to find the total tinkemaby the boy to
return to the boy’s hand?

We will just have to take twice the time for upwarokion
Yes. Good.

Are all the units in SI system?

Yes
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Step 4: Implementing the plan

Teacher: Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,
vV=u+at
0 = 49- 9.8xt
Rearranging
9.8xt =49
t =49/9.8
= 5 seconds
This is the time for upward motion. So the tatakttaken by the
ball to fall back to the boy’s hand is twice thiné.
2x5 =10 seconds

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:  The equation we used is,
v=u+at
Write the units used for each of the quantitied s@e whether they
are the same for each term on either side of theaeon.
Pupil: (work out in their books)
V=u+at
m/s = m/s+ m/5xs
m/s = m/s +m/s
The units for all the terms are the same.
Teacher:  Therefore the equation is consistent unit wise.
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Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

What was your first step while solving the protske

We drew a diagram showing the boy throwing thé lgalvards and
marked the initial velocity and velocity at tlopt

Which physical quantities were given directly?

Only initial velocity

Which physical quantities were to be determined?

Time

Which physical quantities did you assume?

We assumed velocity of the ball at the topmosttas zero, and th
acceleration on the ball as -9.8 /s

What other assumption did you make?

We assumed that time for upward motion is etpuaime for
downward motion

Where all the quantities in S| unit?

yes

How did you solve the problem?

We substituted the given values, rearrangecthations and foun
time and took twice its valu.

Did you face any difficulty in any stage?

No

U

| ==

Step 3. Analogical Problem Solving

Teacher:

Now you have to solve the following problem gairgugh all the
steps we practiced today.

(Teacher writes the analogical question on thekbboard)

A basket ball player throws up the ball with aegpef 20 m/s as he
runs with a speed of 30m/s. In what time will taé teach back to

his hands?

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 19: Variation in Velocity of a Projectile

Name of teacher : Shareeja AliM C
Class 111

Topic : Motion in a Plane
Time : 1 hour

Objectives: To enable students to

» Draw a schematic diagram representing a given probl
situation

» ldentify different physical quantities given intaigy problem

» Describe the variation in horizontal and verticalocities of a
projectile

» Estimate the velocity of a projectile at its highgsint

Resources : Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A ball is kicked with a velocity of 10m/s at amge of 68 with the
horizontal. What is its velocity at the highesirp?

Phase 3. Problem solving procedure.

Step 1: Surface representation
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Let us discuss the projectile motion of the Balhat is the initial
velocity of the ball?

10m/s

What is the angle made by the ball when it igquted?

60°

So we can resolve the initial velocity in to lzontal and vertical

components

Yes

What is the horizontal component of initial vetpcu,?
U = u Cosd (Looking at the concept map)
What is the vertical component of initial velgcit,?
u =u Sir (Looking at the concept map)

Step 3: Planning the solution

Teacher:
Pupil:
Teacher:

Pupil:

Teacher:
Pupil:

Teacher:

Pupil:
Teacher:

Pupil:
Teacher:
Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Let us now plan how we can solve the problem.

Yes

As the ball goes up, what happens to its horedorglocity? Will it
change?

No

So even at the topmost point, it will be samthasnitial velocity?
Yes

Then how much is the horizontal component ofcitylat the
topmost point?

u Cosd

What happens to the vertical component of vel@stthe ball goes
up?

Decreases

Why does the vertical component of velocity cesa@

Because there is gravity pulling it down

Very good. Then what will be the ball’s verticalnponent of
velocity at the topmost point?

Zero

So we have to compute only the horizontal comgamferelocity at
its topmost point.

Yes
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Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,

At the topmost point, v = u Cés
= 10xCos 60

=5 m/s

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

We used the equation
v=u Cosf
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
v =u Cost
m/s = m/s
The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

What was your first step while solving the protbe

We drew a diagram showing a boy kicking a bat drew the path
of the ball. We marked its angle with the hortaband initial
velocity.

Which physical quantities were given directly?

Initial velocity of the ball and angle of projemn

Which physical quantities were to be determined?

The velocity of the ball at its highest point
Which equations were used?

v =u Cos¥

Did you make any unit conversions

No

what assumptions did you make?

We assumed that the vertical velocity at théaésg point is zero
Did you face any difficulty in any stage?

No
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Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gahrgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)

A stone is thrown with a velocity of 15m/s at agla of 38 with the
horizontal. What are its horizontal and verticalngponents of
velocity at its highest point?

(Students workout the problem individually or inahgroups and report to the
teacher)
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Lesson 20: The Maximum Height of a Projectile and drizontal Range

Name of teacher Shareeja AliM C
Class : 11
Topic : Motion in a Plane
Time : 1 hour

Objectives: To enable students to

» Draw a schematic diagram representing a given probl
situation

* |dentify different physical quantities given intai1y problem

» Select appropriate equations to solve a problem

* To estimate the horizontal range within a maximwssible
height of the projectile

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher:  The ceiling of a roof is 25m high. What is thexmmum distance
that a ball thrown at a speed 40m/s can go withtting the roof?

Phase 3. Problem solving procedure.

Step 1: Surface representation

u=40m/s

25 m

A
v
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Step 2: Structure Representation

Teacher:  Let us discuss how we can throw the ball to reaelmaximum
range for a particular height

Pupil: Yes

Teacher:  What is the angle of projection for maximum hamizal range?

Pupil: 45

Teacher:  What is initial velocity given in the problem?

Pupil: 40 m/s

Teacher:  What is the equation for the height of the prbjee

Pupil: H=u?Sirf0/2g  (Looking in to the concept map)

Teacher:  What is the maximum possible height the progctin go in this
problem?

Pupil: 25 meters

Step 3: Planning the solution

Teacher: See whether the ball goes beyond this heighve ifhrow the ball

with an initial velocity of 40 m/s at 35
Pupil: (Work out in their note books. Teacher offers Helgome students

H = u? Sirfé /2g
= (40)* (Sin 45¥ / 2x9.8
=40.81m

The ball will go to a height above 25 meters
Teacher:  So we cannot project it at an angle of 45

Now, how can we find the angle of projectionddreight of 25m.

Pupil: By putting H=25m in the equation for height

Teacher:  Ok. Thus we will ge&t. What is the equation to find horizontal
range?

Pupil: R = Sin® /g (Looking at the concept map)

Teacher:  Other tharnd, what is required to find R?

Pupil: Initial velocity, u. It is given in the question

Teacher: Is it in S| unit?
Pupil: Yes
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Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan to stheeproblem.
(Teacher work out on the black board)
To findd, substituting the values of height and initialogty in the
equation,
H = u? Sirfé /2g
25 = (40¥ Sirfo / 2x9.8
Rearranging
Sirfg = 2x9.8x25/1600
= 0.306
Therefore, Sié= 0.55
Thereforeg = 33°
To find the maximum possible horizontal range stiiing values
of initial velocity and angle of projection in tisecond equation

R = " Sindlg
= (40)* (Sin 66)/ 9.8
= 149m

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

Pupil:

The equation we used was,
H = u? Sirfé /2g
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)

H = u’ Sirfd I2g
m =(m/s§/(m/<)
m=m

The units for all the terms are the same.
Therefore the equation is consistent unit wise.
We also used the equation,

R = /" SinYlg
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)

R = /" Sindlg

m = (m/s§/(m/<)




440 META COGNITIVE STRATEGY INSTRUCTION ON PHYSICS PROBLEM $@ING

Teacher

Therefore the equation is unit wise consistent

m=m
The units for all the terms are the same.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

What was your first step while solving the protsbe
We drew a diagram showing a boy throwing a raide a room
and marked the maximum possible height
Were the physical quantities given directly?
No. We had to find the angle of projection pdssib
Which physical quantities were to be determined?
The maximum possible range within the given hieigh
Which equation did you use?
We used two equations,
H = u? Sirfd I2g
and
R = " Sind/g
were all the quantities given in SI?
Yes
How did you solve the problem?
We substituted the given values, checked thelpldgss of height,
rearranged the equations and found maximum pleshitxizontal
range for the given height.
Did you face any difficulty in any stage?
Yes in the planning and implementing stage. But the strategy is
clear.

Step 3. Analogical Problem Solving

Teacher:

Now you have to solve the following problem gahrgugh all the
steps we practiced today.

(Teacher writes the analogical question on thekbboard)

A boy kicks a football with a speed of 50m/4.iéaches a height of
15 m from the ground, what will be the distanceeted by the ball
as it touches the ground?

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 21: Newton’s Laws of Motion

Name of teacher:  Shareeja AliM C

Class 11
Unit : Laws of Motion
Time .1 hour

Objectives: To enable students to

» Describe what force does

o State Newton’s first law

» State Newton’s second law

» Compute force

* Apply conservation of momentum

» Define weight

» Describe the situation of weightlessness

» Compare apparent weight when an elevator movesdplawn

Resources: Concept map, catapult, bouncing ball

Phase 1: Presentation of Knowledge domain.

(The concept map for the unit, ‘Laws of Motionveééoped during the lesson is
shown in figure.)
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First Law

If, F=0
a=0

Vv = a constant

Implies

/

dp = Fx dt
If, F =0,
dp =0, or

P initial = P final

Laws of Motion

/

AN

SeconI Law Thirdfaw

F=dp/dt FA,B=-FB,A

F=ma ‘
Example

/

/N

In an elevator Tension on a Friction,
string,
F=nmg
T=mg
In a pulley

Weight =m (a +g)
For upward motion
Weight = m (g-a)

For downward motion

For inclined plane

ma=T-mg (When

Figure: Concept map for the unit ‘Laws of Motio

the mass moves up)

ma=mg—T (When
the mass moves
down)

When a
body moves

nl



Appendices 443

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:
Teacher:

Pupil:
Teacher:

We have learned about motion and solved manylgmubrelated to
motion in one and two dimensions. Today we camlsame
general laws put forward by Sir Isaac Newton. Bhlesvs have far
reaching consequences in our everyday life.
Suppose you want to move your table nearer toWhat will you
do?
Pull it
(Rolls a ball towards the pupil and asks)
If a ball comes towards you. What will you dstop it?
Push it
Such pushes and pulls are called force. So yaurtake a body
move, or come to rest by applying force. Suppdsallas rolling on
a floor. What will happen to it after some time?
(Teacher rolls the ball on the floor)
It will stop
It stops due to friction. Friction is a type ofée. What will happen
if there is no friction?
The ball will continue rolling
So a body will continue its motion if there isface on it.
Let me summaries. A force is required to stoganaind also to
start motion. If there is no force the body wdhtinue to remain in
rest or in uniform motion. This is Newton’s filgiv.
What will be the acceleration of a body at rest?
Zero
What will be the acceleration of a body makingarm motion?
Zero
So, we can state Newton'’s first law mathemdyics,

If,F=0

a =0, or

vV = a constant

while Newton'’s first law states why we need fol@wton’s seconc
law gives the amount of force.
Let me discuss two situations
1. I throw a bullet at a wall
2. | fire a bullet with a gun at a wall
In which of these situations the force will bereto
When you fire a bullet with a gun
Why?
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Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

The bullet is moving faster
Let me discuss other two situations with you
1. | throw a stone weighing 2kg at a wall
2. | throw a stone weighing ¥z kg at a wall
In which of these situations the force will bereto
When you throw 2 kg stone at the wall
Why?
It has more mass.
So if there is more mass and more velocity,aheefon the wall will
be more.
Product of mass and velocity is called momentum
p=mv
When the stone or bullet hits the wall, its viéjochanges to zero.
Newtons’ second law states that force is ratehainge of
momentum.
F = dp/dt,
Where dp is change in momentum.
dp = Pinal = Phnitial
Can you calculate the force experienced by agrevshen he
catches a ball of mass, 0.5kgcomming with a spé&dm/s in 2
seconds.
(Workout in their note books. Teacher offers helgame students

F = dp/dt
= (0.5x10)/2
=25N

Correct. What will happen if there is no force#ll\tthe momentum
change?
No
In that case initial momentum will be equal twafimomentum.

Pinitial= Pfinal

Suppose a gun weighing 2kg fires a bullet of willg a speed of
500m/s. Can you find the velocity with which tba gecoils?
Confused

Is the gun moving before it fires?

No

So its velocity is zero. What about its momentum?

Zero
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Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Teacher:

So before firing, the total momentum is zero, .=0.
After firing what will be the momentum of thelétd Don’t forget to
convert 50g into kg.
(Workout in their note book)
50g = 50/1000 kg
=0.05 kg
p= mv

= 0.05x500

= 25kg m/s
Very good. Now the total final momentum will be
Recoil momentum of the gun- momentum of the bullet
It will be zero, because initial momentum is zemd

Pinitia = Pinal

So, momentum of the gun = momentum of the bullet

Now, can you calculate recoil velocity?
(Work out in their books. Teacher offerdpht® some students)

vx2 =25

Therefore, v = 25/2

=12.5m/s
Correct.
(Teacher summarizes the topics covered, complle¢esoncept maj
and asks some assessment questions)
Give few situations where force is applied
State Newton'’s first law
State Newton’s second law

A4
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Lesson 22: Newton’s Third Law

Name of teacher.  Shareeja AliM C

Class c 11
Topic :  Laws of motion
Time .1 hour

Objectives: To enable students to
» State Newton'’s third law
» |dentify reaction forces like friction and tension a string
» Compute angle of inclination when a body just begmslide
on an inclined plane
» Describe the relation between forces when a bodyesion a

pulley
Resources: Concept map, diagrams, ball

Phase 1: Presentation of the knowledge domain
(Teacher refreshes the topics covered in the pusviEsson while retracing the
concept map already drawn)

Teacher:  We have learned Newton'’s first and second lavikerprevious
classes. Today, let us learn Newton'’s third law aoohe of its

consequences.
Have you played with a rubber ball?
Pupil: Yes
Teacher:  What will happen if you strike it on the ground?
Pupil: It bounces
Teacher:  Why does it bounce?
Pupil: We do not know

Teacher: When you strike ball on the ground, ball appbe®rce on the
ground. The ground applies an equal force backhenball.
What will happen if you strike the ball harder?

Pupil: It bounce higher, because the ground pushesddra

Teacher:  Good
So, if you increase the force on the ground, tioeigd will also
increase the force on the ball. This is explaingdNlewton’s third
law.
It states that for every action, there is an ecuad opposite
reaction.
Here action and reaction refers to forces. Matheaoadly it can be
written as,

Fas=-Fga
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Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Fag is force experienced by A due to B
Fgais force experienced by B due to A
Can you give examples or situations of Newtonisl tw?
Bow and arrow
Yes, when you pull the bow with an arrow, the pashes the
arrow in the opposite direction. Can you tell anatlexample?
Rocket propulsion
Correct, when the exhaust gas comes down, theetgoes up.
Let me repeat a question asked in the last cla$gt will happen t
a rolling ball after some time?
It stops due to friction
Friction is a reaction force acting on moving lesl When a ball
moves forward, reaction force or friction forcepmses it. Where
will be more friction, on a rough plane or a smopthne?
Rough plane
Correct. Different surfaces have different amoairfriction. They
are characterized by a coefficient of friction,The frictional force
on a body of mass ‘m’ is
f=nmg
Can you calculate the frictional force on a carigleng 200kg on g
road of coefficient of friction 0.3?
(Workout in their note book. Teacher offers guitkato some
students)
F =»ymg
= 0.3x200%9.8
= 588N
Correct. If its engine applies a force, £ 700N on the car, can yo
calculate the resultant force on the car?
(Workout in their note book. Teacher offers guitkato some
students)
F=FKR-f (Looking at the concept map)
=700 — 588
=112N
Good. Can you calculate the acceleration of tae’c
(Workout in their note book. Teacher offers guitiato some
students)
F =ma
Therefore, a = F/m
=112/200
=0.56 m/$
Excellent.
Some times a body starts moving even if we dapply force with
our hands. Example is an inclined plane. When a/hosk starts

O

sliding,
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Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Tanf =1y

Whered is the angle of inclination
Keep your eraser on your notebook and raise ode sf the not
book slowly, till the eraser just start moving ariohd the
coefficient of friction between the surface of tiwée book and the
eraser.

(Does as the teacher says. Measuweish a protractor and
calculaten in their note book)
Correct.
Suppose we tie a body on a string and hangtiefody is too
heavy for the string, what will happen to the gifin
It will break
Correct.
Have you thought what is called weight? It is gi@ional force on
a body. So by Newton’s second law,
Weight = mg

D

|
v
When we hang a body on a string, mg acts downwamdsan equal
tension force acts upwards.
Suppose a body of 2kg mass is hung on a strihglete the
tension on the string.
(Workout in their note book. Teacher offers guitiato some
students)
T=mg
=2x9.8
=19.6 N
Correct. Suppose, there are two masses on aypuieand m




Appendices 449

(o)
\>

Which of these will move up and which will moveia®

Pupil: 10kg moves down and 6kg moves up

Teacher: As they move together, both moves witkairee acceleration.
When one moves up, ma acts in the same directidnlas mg acts
downwards. So in this case,

ma + T = mpg
or
ma =mg — T
If the body moves down, both ma and mg are dowdasvamnd T is
upwards.
ma+mg=T
or
ma = T-mg

We will use these concepts while solving problennext classes.
(Teacher summarizes the lesson and asks a fewiangesir reinforcement)

1. State Newton’s third law.

2. ldentify reaction forces like friction and &on on a string.

3. Give the equation connecting angle of inclimraiand coefficient

of friction.

4. What is weight?

(Teacher completes the concept map and asks ssudembderstand and copy
that in their note books)
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Lesson 23: Estimating Acceleration Using Newton’seésond Law

Name of teacher: Shareeja AliM C

Class 111
Unit : Laws of Motion
Time : 1 hour

Objectives: To enable students to
 Draw a schematic diagram representing a given probl
situation
» Identify different physical quantities given in@1y problem
»  Select appropriate equations to solve a problem
»  Estimate acceleration using Newton’s second law

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A boat of mass 3x1(kg initially at rest is pulled by a ship with a
force of 6x10N. Calculate the acceleration attained by the boat.

Phase 3. Problem solving procedure.

Step 1: Surface representation

F=6x10*N

lugboat

m =3x10"kg
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Step 2: Structure Representation

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Let us discuss the motion of the boat. Whatdsihss of the boat?
3x10 kg

What is the force acting on it?

6x10' N

What is to be determined?

Acceleration

Are all the quantities in Sl unit?

Yes

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Let us now plan which equation can we use anddawwve solve
the problem.

Yes

Which are the known physical quantities?

We know mass of the boat and force on the boat.
What is to be determined?

acceleration of the boat

So which law can be used to solve this problem?
Newton’s second law

What is the required equation?

F=ma

Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,
F=ma
6x10" = 3x10" xa
Therefore, a = 6x18/ 3x10’
=2x10° m/¢
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Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is, F=ma
Write the units used for each of the quantitied see whether they
are the same for each term on either side of thaton. Note that
newton is a derived SI unit. It can be written gaw$
(work out in their books)
F=ma

N = kg m/§

The units for all the terms are the same.

Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

What was your first step while solving the protbe

We drew a diagram showing a ship pulling a togtiof mass
3x10" kg with a force of 6x1tN

Which physical quantities were given directly?

Mass of the boat and force on the boat

Which physical quantities were to be determined?
Acceleration of the boat

How did you obtain the required relations?

We used Newton’s second law

How did you solve the problem?

We substituted the given values, rearrangectheations and foun
acceleration

Did you face any difficulty in any stage?

e

No

Step 3. Analogical Problem Solving

Teacher:

Now you have to solve the following problem gairgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)

A body of mass 12kg is moving with an acceleratids0m/$. Calculate
the force acting on it.

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 24: Apparent Weight of Accelerated Bodies

Name of teacher: Shareeja AliM C

Class 111
Unit : Laws of motion
Time : 1 hour

Objectives: To enable students to
» Draw a schematic diagram representing a given probl
situation
* Identify different physical quantities given in@1y problem
»  Select appropriate equations to solve a problem
»  Estimate apparent weights of accelerated bodies

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A person weighting 75kg stands in an elevatoratmhll be the
apparent weight of the man when the elevator mopesith an

acceleration of 4 mfe

Phase 3. Problem solving procedure.

Step 1: Surface representation
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Step 2: Structure Representation

Teacher:  Let us discuss the forces acting on a personhamdwe can
calculate the apparent weight of accelerated bsdi
Did you ever ride in a giant wheel?

Pupil: Yes

Teacher:  What did you feel when you were moving down?
Pupil: Weight less, light weight

Teacher:  You felt less than your actual weight?

Pupil: Yes

Teacher:  This felt weight is called apparent weight.
What is weight?

Pupil: Gravitational force

Teacher:  How can you calculate it?

Pupil: mg

Teacher:  Right. When you move down with an acceleratipgpar apparent
weight

W =mg - ma
That is why you feel lighter than your actual g¥i
What did you feel when you were going up on iaetgvheel?
Pupil: Very heavy
Teacher: This is because your apparent weight is
W = mg+ma
That is more than your actual weight.

Step 3: Planning the solution

Teacher: Let us now plan which equation can we use anddawwe solve

the problem.
Pupil: Yes
Teacher:  Which physical quantities are given?
Pupil: Mass of the person and acceleration of the étava
Teacher: Is the elevator moving up or down?
Pupil: It is moving up
Teacher:  Then which equation should we use to find appasenght?
Pupil: W =mg + ma
Teacher:  Correct. Are all the quantities given in Sl unit?
Pupil: Yes
Teacher:  What is the Sl unit of weight?
Pupil: Do not know

Teacher: Weight is gravitational force. So its urah be newton, kgwt, or kg
m/g
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Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
To find apparent weight, substituting the valuresquation,
W =mg +ma
= 75%9.8 + 75%x4
=735+300
=1035 N
= 1035/9.8 kgwt
=105 kgwt
This is much more than his actual weight.

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is, W = mg + ma
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
W =mg + ma

N = kg m/$ +kg m/$
The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

What was your first step while solving the protbe
We drew a diagram showing people in an elevatben we
discussed the motion of people in a giant wheel.
In which case you will feel lighter than your adtueeight?
When the giant wheel moves down

Then which equation will you use to findryapparent weight?
W =mg - ma

In which case will you feel heavier thanyactual weight?
When the giant wheel goes up

Then which equation will you use to fimel &pparent weight?
W =mg +ma
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Teacher:  Which physical quantities were given in the peofo?

Pupil: Mass of the person and acceleration of the eétagva
Teacher:  What were to be determined?

Pupil: The apparent weight of the person

Teacher:  How did you obtain the required relations?

Pupil: The elevator was moving up so we used,

W =mg + ma

Teacher:  How did you solve the problem?

Pupil: We substituted the given values, rearrangecthations and foun
horizontal range

Teacher:  Did you face any difficulty in any stage?

Pupil: Only in the beginning

Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gairgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
A monkey of mass 40kg climbs up a rope that ctrstand a maximum
tension of 600N. What will happen to the rope df tlonkey climbs up wit
an acceleration of 6n3

(Students workout the problem individually or inahgroups and report to the
teacher)

| =

=)
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Lesson 25: Uniform Circular Motion

Name of teacher. Shareeja Ali M

Class 11
Topic . Laws of Motior
Time : 1 houl

Objectives: To enable students

» Draw aschematic diagram representing a given prok
situatior

* ldentify different physical quantities given intagy problen

» Select appropriate equations to solve a pro

» Apply law of conservation of momentt

Resources: Concept map, diagrat

Phase 2: Presentation of the Problem

Teacher: A hunter has a machine gun that can fire 50g bsiNgth a velocity
of 800m/s. A 40kg tiger springs at him with a viyoaf 10m/s. Hov
many bullets must e hunter fire into the tiger in order to stop it
its track? (Neglect pair

Phase 3: Problem solving procedure.

Step 1: Surface representa

o
A
R ‘:"Ih Ik I.llfij
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Let us discuss the motion of bullets and motidiger and how to
balance their momentum. What is known aboutitjes?

It has a mass of 40kg and speed of 10m/s

What is known about the bullets?

They have a mass of 50g and speed of 800m/s

What is to be determined?

Number of bullets that can stop the tiger

To stop a moving body, what is required?

Force

Which law helps to calculate force from mass agldcity?
Newton’s second law, F = dp/dt

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Let us now plan which equation can we use anddawve solve
the problem.
Yes
When the bullet hits the tiger its momentum clkeang zero. What i
change in momentum of a single bullet?
mxv
What is total change in momentum of ‘n’ bullets?
NXMXV
What is the momentum of the tiger?
MxV
To stop the tiger, its momentum should be baldhgethe
momentum of the bullets. So which equation wilusehere?
MxV = nxmxv
Are all the quantities in SI?
No, mass of the bullet, m is in grams
Then convert it in to kg
(Workout in their books)

50g = 50/1000 kg

=0.05 kg

[v2)
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Step 4: Implementing the plan

Teacher:

Now we can proceed to calculate angular velocity
(Teacher work out on the black board)
Substituting the values in equation,
MV = nmv
40x10 = nx0.05x800
Therefore, n = 40x10/0.05x800

=10 bullets

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is, MV = nmv
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)

kg m/s =kg m/s
The units for all the terms are the same.

Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:

What was your first step while solving the protbe

We drew a diagram showing a tiger jumping at ateuriThen we
labeled the mass and velocity of the tiger aredihllets

Which physical quantities were given directly?

Mass and velocity of the tiger and the bullet wa®n

Which physical quantities were to be determined?

Number of bullets needed to stop the tiger

How did you obtain the required relations?

We revised Newton’s second law and observectctraervation of
momentum can be applied to solve this problem

How did you solve the problem?

We substituted the given values, rearrangecthetions and foun
number of bullets

Did you face any difficulty in any stage?

—

Only in the beginning stage
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Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following peabboing through all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
A stone weighing 50Kkg is rolling towards a persotin a speed of 8m/s. If
the person has a machine gun that can fire 50gesilvith a speed of
1000m/s, how many bullets can stop the stone?

(Students workout the problem individually or inahgroups and report to the
teacher)
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Lesson 26: Inclined planes ancoefficient of friction

Name of teacher :  Shareeja Ali M (
Class : 11

Topic : Laws of Motior
Time : 1 hou

Objectives: To enable students

Draw a schematic diagram representing a given pro
situatior

Identify differentphysical quantities given in a story prob
Select appropriate equations to solve a pro

Estimate inclination of a pla

Estimate coefficient of friction between a body ansurfac

Resources: Concept map, diagrat

Phase 2: Presentation of the Problem

Teacher: A body placed on a rough inclined plane just beginslide whet
slope of the plane is 1 in 4. Calculate coefficiginriction.

Phase 3: Problem solving procedure.

Step 1: Surface representa

Just begins to slide O

/

Opposite side =1

Adjacent side =4
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Let us discuss inclined planes and their slops.

What is the slope of a plane?

slope = ta

What is taf?

Opposite side / adjacent side

When you did the experiment with your note boukexaser in the
previous class, you raised one side of the iediplane till the note
book just slided.

Yes.

Then what did you find out?

Angle of inclination

Then how did you find coefficient of friction?

Using the equation, tén=#

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Let us now plan which equation can we use anddawwve solve
the problem.

Yes

In this problem which quantities are given?

Opposite side and adjacent side

What is to be determined?

Coefficient of friction

Which equation will you use?

n=tand

=opposite side/ adjacent side

Do we have to make any unit conversions?

No
Why?
tand andz do not have units
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Step 4: Implementing the plan

Teacher: Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting in equation,
n = tand
=opposite side/adjacent side
=1/4
=0.25

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:  The equation we used is,
n = tand
Do we have to check their unit wise consistency?
Pupil: No.

Step 2: Monitoring the Procedure

Teacher: What was your first step while solving the protbe

Pupil: We drew the diagram of an inclined plane and mauieposite side
and adjacent side.

Teacher:  What were the physical quantities given directly?

Pupil: Opposite side and adjacent side

Teacher:  Which physical quantities were to be determined?
Pupil: Coefficient of friction

Teacher:  Which equation did you use?

Pupil: We used = tand

Teacher:  Did you face any difficulty in any stage?
Pupil: In the planning stage. But now it is clear.
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Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gahrgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
A body placed on a rough inclined plane just begmnslide when the
angle of inclination becomes Balculate the coefficient of friction of tHe
inclined plane.

(Students workout the problem individually or inahgroups and report to the
teacher)
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Lesson 27: Vertical and Horizontal components of Foe

Name of teacher : Shareeja AliM C

Class (11
Topic : Laws of motion
Time : 1 hour

Objectives: To enable students to
» Draw a schematic diagram representing a given pnobl
situation
» ldentify different physical quantities given intaigy problem
» Select appropriate equations to solve a problem
* To resolve a vector in to horizontal and verticainponents
* To compute horizontal and vertical components wéctor

Resources : Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A force of 20N is applied on a hockey ball agagle 3§ with the
X-axis. What is the vertical component of force?

Phase 3: Problem solving procedure.

Step 1: Surface representation

F =20N

F Sin30

30°

F Cos30
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Step 2: Structure Representation

Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Pupil:
Teacher:

Pupil:
Teacher:

Let us discuss how to resolve a vector in tozworial and vertical
components.

What is the difference between a vector and agsta

Vectors have direction

What are the two directions we discussed in tiiean two
dimensions?

Horizontal and vertical directions

Let me express a vector in the form of a liné it arrow in the

direction of the vector.
A

A is a vector having magnitude A and making aighath the
horizontal direction.

What is SiA?

Sind = a/lA

Therefore, a = A Sth This is called vertical component of vector
What is Co&?

Cosf = b/A

Therefore, b= A Co8. This is called horizontal component of
vectorA.

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:
Pupil:

Let us now plan what equations can be used andwmwsan solve
the problem.

Yes

What are the quantities given in the problem?

Magnitude of force and the angle it makes withtiorizontal
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Teacher:
Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Force is a vector or a scalar?

Vector

Therefore we can resolve it in to horizontal aedtical
components.

What is to be determined?

Vertical component of force

How will you calculate vertical component of fgPce
Vertical component = F Sth

Is F given in Sl unit?

Yes

So, do we have to make unit conversions?

No

Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,

F Sing = 20 Sin30
= 20x0.5
=10N

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is,

Vertical component of Force = F $in
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)

Vertical component of Force = F $in

N=N

The units for all the terms are the same.
Therefore the equation is consistent unit wise.
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Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

What was your first step while solving the protske
We drew a diagram showing the resolution of ameict to
horizontal and vertical components

Which physical quantities were given directly?
Magnitude of force and its angle with the honitzd
Which physical quantities were to be determined?
Vertical component of force

Which equations were used?

Vertical component of Force = F $in

What assumptions did we make?

We didn’t make any particular assumption

Did you face any difficulty in any stage?

No

Step 3. Analogical Problem Solving

Teacher:

Now you have to solve the following problem gahrgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)

A cricketer throws a ball with a force of 15N nmmakian angle of 4dwith
the horizontal. What is the horizontal componerfoate?

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 28: Friction on Accelerated Bodies

Name of teacher: Shareeja AliM C

Class 11
Unit . Laws of Motion
Time .1 hour

Objectives: To enable students to

» Draw a schematic diagram representing a given probl
situation

* ldentify different physical quantities given intaigy problem

» Select appropriate equations to solve a problem

» Estimate the resultant force on a body

» Estimate frictional force on a body from coeffidie friction
and mass of the body

» Estimate acceleration of a body taking frictiontaraccount

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A boy is playing with a ball in a train moving tvih speed of
100km/h. If he throws the ball up with a speedGmh/s. How long
will the ball stay in air before reaching his hards

Phase 3. Problem solving procedure.

Step 1: Surface representation

Fapplied = 12kgf

v

mg, m=1.5kg
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Let us discuss what forces act on the body anchich direction?
What are the forces acting on the body?
Applied force and friction
Are they in the same direction?
No. They are in opposite direction.
Then, what will be the resultant force?
F applied = I:friction
This resultant force causes acceleration of theyb What is the
equation connecting force and acceleration oftibdy?
F=ma
Therefore, we can write,
ma = Fyppiied— Friction

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:

Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Let us now plan which equation can we use anddawve solve
the problem.
Yes
How much is the applied force?
1.2kgf
Is this force in Sl unit?
No
We can convert kgf in to N by multiplying witB 9.
Convert 1.2kgf into N
(Workout in their note book)
1.2kgf =1.2 x9.8 N
=11.76 N
How much is the frictional force?
It is not given
What quantities are given?
Coefficient of friction and mass are given
How can we calculate frictional force from them?
Fiction = #Mg (Looking at the concept map)
Then calculate Fiion
(Workout in their note book)
F friction = ymg
=0.3%1.5%x9.8
=441 N
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Teacher:
Pupil:
Teacher:
Pupil:

What is to be determined?

Acceleration of the body

Which equation can we use to find acceleration?
ma = Fypplied - Friction

Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan.
(Teacher work out on the black board)
Substituting the values in equation,
ma = I:applied 'Ffriction
1.5xa=11.76-4.4
Therefore, a =7.36/1.5
=4.9m/$

Phase 4. Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equation we used is,

ma = Fypplied ~Firiction
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)

ma = I:applied 'Ffriction

kgm/$ =N +N

The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

What was your first step while solving the protste

We drew a diagram showing the direction and magiatof
different forces acting on the body

Which physical quantities were given directly?

Applied force, coefficient of friction and mass

Which physical quantities were to be determined?
Acceleration of the body

Which physical quantities did you calculate?

We calculated frictional force from coefficientfo€tion and mass
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Teacher:

Pupil:

Teacher:

Pupil:

Teacher:

Pupil:

Teacher:
Pupil:

What assumption did you make?
We assumed that acceleration is caused by théteat force on the
body

Where all the quantities in S| unit?

No. We converted kgf in to N by multiplying vét&

How did you solve the problem?

We substituted the given values, rearrangectheations and foun
acceleration of the block.

Did you face any difficulty in any stage?

e

During the planning stage

Step 3. Analogical Problem Solving

Teacher:

A 2kg wooden block is resting on a surface offtictent of friction 0.35.
How much acceleration will the wooden block hdeeforce of 2.8kgf is
applied on it?

Now you have to solve the following problem gaimgugh all the
steps we practiced today.

(Teacher writes the analogical question on thekbboard)

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 29: Application of Newton’s Second Law

Name of teacher : Shareeja AliM C
Class (11

Unit : Laws of Motion
Time - 1 hour

Objectives: To enable students to
» Draw a schematic diagram representing a given pnobl
situation
* ldentify different physical quantities given intay problem
» Estimate acceleration of a body using Newton’s sddaw
» Estimate the velocity of a body using equationsofion

Resources : Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher: A force of 60N is applied on a stone (which watsally at rest) of
mass 3kg for %2 minute. Find the velocity gaingdhe stone.

Phase 3: Problem solving procedure.

Step 1: Surface representation

Time =% minutes m= 30kg

F =60N

4+—
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Step 2: Structure Representation

Teacher:  Let us discuss the motion of the stone on apicaf force.
What is the force acting on the stone?

Pupil: 60N

Teacher:  What is the mass of the stone?

Pupil: 30kg

Teacher:  what will happen when we apply force on the stone
Pupil: It moves

Teacher:  Will it be accelerated?

Pupil: Yes

Teacher:  Which law can we use to find acceleration?
Pupil: Newton’s second law, F =ma

Teacher:  What else is given in the question?

Pupil: Time for which the force is applied
Teacher.  How much is the time?

Pupil: % minutes

Teacher: Istime in Sl units?

Pupil: No. We can convert it.

Y% minutes = 30 seconds
Teacher:  Are the rest of the quantities in S| units?
Pupil: Yes

Step 3: Planning the solution

Teacher: Let us now plan how we can solve the problem.

Pupil: Yes
Teacher: What is to be determined?
Pupil: Velocity

Teacher: Is it final velocity or initial velocity to be termined?
Pupil: Final velocity
Teacher:  How much is initial velocity?

Pupil: Zero

Teacher:  Which equations of motion can we use to find fugddcity?
Pupil: V =u +at

Teacher:  We know u and t. Do we know a?

Pupil: No, but we can calculate it from F = ma

Teacher:  Are all the given quantities in SI?

Pupil: Time was in minutes, we converted it into seconks.rest of the

guantities are in Sl.
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Step 4: Implementing the plan

Teacher:

equation,

Now we can proceed according to our plan.
(Teacher work out on the black board)
To find acceleration, substituting the valuegquation,

F=ma

60 = 30xa
Therefore, a = 60/30

=2m/&

To find the velocity attained by the stone, stiistg values in

V =u + at
=0 + 2x30
=60m/s

Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

We used the equation
F=ma
And
vV =u + at
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
F=ma
N = kg m/$
The units for all the terms are the same.
vV =u + at
m/s = m/s + mfsxs
m/s = m/s + m/s
Therefore the equations are consistent uniewis
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Step 2: Monitoring the Procedure

Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

What was your first step while solving the profke

We drew a diagram showing the force acting @toame and its
mass and the time for which the force was acting.

Which physical quantities were given directly?

Force acting on the stone, time for which thredovas acting and
the mass of the stone

Which physical quantities were to be determined?

The final velocity of the stone

Which equations were used?

F = ma, to find acceleration, and
vV = u + at, to find velocity attained by the séon
Did you make any unit conversions

Yes, we converted time in minutes to seconds

What assumptions did you make?

We assumed that the acceleration is uniformgmilse equation of
motion cannot be used.

Did you face any difficulty in any stage?

No

Step 3. Analogical Problem Solving

Teacher:

Now you have to solve the following problem gaimgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)

A stone of mass 2kg is initially at rest. Whatéoif applied for 20 second
will make it move with a speed of 600m/s?

(Students workout the problem individually or inahgroups and report to the

teacher)
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Lesson 30: Two Body Motion on a Pulley

Name of teacher Shareeja AliM C
Class : 11

Topic : Laws of Motion
Time : 1 hour

Objectives: To enable students to

» Draw a schematic diagram representing a given pnobl
situation

» ldentify different physical quantities given in eoplem
» Mark the direction of forces on a string
» Balance forces on different masses on a stringma#isrough a

pulley
e Simultaneously solve two equations

Resources: Concept map, diagrams

Phase 2: Presentation of the Problem

Teacher:  Two masses 8kg and 12kg are connected at thertd®of a light
inextensible string that goes over a frictionlesfigy. Find the
acceleration of the masses, and the tension istiitey when the
masses are released.

Phase 3: Problem solving procedure.

Step 1: Surface representation

ma+T A T
A
m, = 8kg . . m, = 12kg
m,g + mpa

m;g
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Step 2: Structure Representation

Teacher:

Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:
Pupil:
Teacher:

Pupil:
Teacher:

Pupil:
Teacher:

Pupil:

Let us discuss the motion of the two massespafiey.

What are the given masses?

8kg and 12kg

Let us name 8kg as;rmnd 12kg as m

Which of these masses will move down?

12kg orm

What are the forces acting at thg emd?

mpg downwards and tension on the string upwards

Since the mass is moving downwards with an actele a, there
will be a force na acting downwards?

So what will be the total downward force?

mg +Mmpa

What will be the total upward force?

T, tension

By Newton'’s third law we can take total upwardckoas equal to
total upward force as equal to total downwardckr

Therefore, T =g +mpa

Now, let us consider the;rand. What are the forces acting at the
m, end?

m,g downwards and tension on the string upwards

Since mis also moving with the same acceleration, thetebe an
additional force na. In which direction will it act?

Upwards, because ns moving upwards

Now, can you use Newton’s third law and writelihé&anced force
equation at the prend.

T+ ma=mg

Step 3: Planning the solution

Teacher:

Pupil:
Teacher:
Pupil:
Teacher:

Pupil:

Let us plan which equations to use and how teesttlis problem.
What are the quantities given?

The two masses;rand m

What is to be determined?

Tension on the string, T and acceleration, a.

What are the equations connecting masses, teasion
acceleration?

T =myg +ma
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Teacher:

Pupil:

T+ ma=mg

We have to solve these equations simultaneouslylte tension on
the string and acceleration.

Are the masses given in Sl units?

Yes, they are in kg

Step 4: Implementing the plan

Teacher:

Now we can proceed according to our plan to stieeproblem.
(Teacher work out on the black board)
Substituting the masses in the equations,

T =mg +ma
T+ ma=mg
We get,
T=12x9.8 + 12a -------- (1)
T +8a =8x9.8 ------- (2)
Or
T=120 + 12a ------- (3)
T=80-8a ------- 4)

To solve these two equations we can make theréaat a same by
dividing equation (3) by 6, and equation (4) byfus we get,
T/6 =20+ 2a ------ (5)
T/4=20-2a ------ (6)
Now we can make a single equation with one unkroyantity, T
by adding the two equations (6) and (5)
T/6 + T/4 =40 ------ (7)
Now, multiplying equation (7) with 24 which ie tleast common
multiple of 4 and 6, we get
4T +6T =960
10T = 960
Therefore, T =96 N
To find acceleration let us substitute the valfigension in equatior
3)
96 =120 + 12a
12a =96 — 120
12a=24
Therefore, a =24/12
=2 m/$
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Phase 4: Metacognitive Analysis

Step 1: Error Analysis

Teacher:

Pupil:

Teacher:

The equations we used were,
T =myg +ma
T+ ma=mg
Write the units used for each of the quantitied see whether they
are the same for each term on either side oktheation.
(work out in their books)
T =mg +tma
N =kgm/$ + kgm/$
The units for all the terms are the same.
T+ma=mg
N =kgm/$ + kgm/$
The units for all the terms are the same.
Therefore the equation is consistent unit wise.

Step 2: Monitoring the Procedure

Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

Teacher:
Pupil:
Teacher:
Pupil:

Teacher:
Pupil:

What was your first step while solving the protbe

We drew a diagram showing two masses hangirey muiley
What were the physical quantities given?

Masses were given.

Which physical quantities were to be determined?
Tension on the string and acceleration of thesuas
Which equation did you use?
We used two equations,
T =mg +ma
T+ma=mg
How did you get these equations?
We determined the forces acting on eacthefmasses and the
string and applied Newton’s third law.
were all the quantities given in SI?
Yes
How did you solve the problem?
We substituted the given values in the equatiodssanultaneously
solved two equations for finding out tension lom $tring and
acceleration of the masses
Did you face any difficulty in any stage?
Yes, both in the planning and implementing st&ge now the
strategy is clear.
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Step 3. Analogical Problem Solving

Teacher: Now you have to solve the following problem gahrgugh all the
steps we practiced today.
(Teacher writes the analogical question on thekbboard)
A string can withstand a maximum tension of 10DMo masses 10kg ang
8kg are connected at its ends and the string gees africtionless pulley.
Will the string break when the masses are released?

(Students workout the problem individually or inahgroups and report to the
teacher)



