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This aticle provides a brief overviewof the theory of metacognition and its role in learningand teaching. The
metacognitive knowledge of strategy, task and personal variables enables students to perform betterand learn
more. The instrucional strategies that facilitate the construction of knowledge ae discussed. Metacognitive

strategies for physics leaming and teaching are given.

Introduction

Metacognitive knowledge involves knowledge
about cognitionin general,as wellas awareness
of and knowledge about one’s own cognition. The
research onlearningemphasis on helping
students becomemore knowledgeable of and
responsible for their own cognition and thinking
[Flavell, J.1979 , DeJager etal. 2005].Students
becomemore awareof theirown thinkingas well
as more knowledgeable about cognitionin
general.Furthermore, asthey acton this
awarenessthey tendto learnbetter[Eylon,B.S.
andReif, F.1984]. Thelabels forthis general
developmentaltrend varyfrom theoryto theory,
butthey include the developmentof metacognitive
knowledge, metacognttive awareness, self-
awareness, self-reflection,and self-regulation.
Althoughthere are many definitionsand models
of metacognition, an important distinctionis one
between (a) knowledge ofcognition (Metacognitive
knowledge) and (b) the processesinvolving the
monitoring, control, and regulation of cognition.

Metacognitive knowledge includes knowledge of
general strategies that mightbe usedfor different
tasks, knowledge of the conditions under which
these strategies might be used, knowledge of the
extent towhich the strategies are effective, and
knowledge of the self. Metacognitive control and
selfregulatoryprocesses are cognitive processes
that learners use tomonttor, control,and regulate
their cognition and learning. The metacognitive
andself-regulatoryprocessesare well
represented intasks such as checking, planning,
and generating. Accordingly, on the knowledge
dimension, metacognitive knowledge categories
referonly toknowledge of cognitive strategies,
notthe actualuse of those strategies.

Three Types of Metacognitive
Knowledge

Inaclassic articleonmetacognition, Flawell (1979)
suggestedthat metacognitioninclude knowledge
of strategy, task,and personvariables. Flawell's
modelencourages students to consider how each



variable affectstheir ownlearning processes.
Metacognitive knowledge couldbe categorized
under three heads - StrategicKnowledge,
Knowledge about cognitive taskand Self-
knowledge.

Strategic knowledgeincludes knowledge of the
various strategies students mightuse to
memorisematerial, toextract meaningfrom text,
and tocomprehend whatthey hearin classrooms
or what they read in books and other course
materials. Althoughthere area large number of
differentlearning strategies,they canbe grouped
intothree general categories: rehearsal,
elaboration,and organisational [lsaacson and
Fujita 2006]. Rehearsalstrategies referto the
strategy of repeating words or termsto be
rememberedover andover tooneself, generally
not the mosteffective strategy forlearning more
complexcognitive processes.In contrast,
elaborationstrategies includevarious mnemonics
for memorytasks, aswell strategiessuch as
summarising,paraphrasing, andselecting main
ideas from texts.The elaborationstrategies result
indeeper processingof thematerial tobe learned
andlead tobetter comprehensionand learning
thanthe rehearsalstrategies. Finally,
organisational strategiesinclude variousforms of
outlining, concept mapping, and note taking,
where the student makes connections between
and amongcontent elements. Like elaboration
strategies,these organisatioral strategies usually
resultin bettercomprehension andlearning than
rehearsal strategies.

Students canhave knowledge of various
metacognitive strategies thatwill be useful to
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them in planning, monitoring, and regulating their
learning andthinking. These strategies include
the ways inwhich individuals plan their cognition
(e.g., set subgoals), monitor their cognition (e.g.,
askthemselves questionsas theyread apiece of
text; checktheir answerto aproblem in
mathematics),and regulate their cognition.

Knowledge about cognitive task

In addition to knowledge about various strategies,
individuals also accumulate knowledge about
differentcognitive tasks.In recalltask, the
individual mustactively searchmemory and
retrievetherelevantinformation; whilein the
recognition task, theemphasis is on
discriminatingamong alternatives and selecting
the appropriateanswer. As students develop
their knowledge of different learning and
thinking strategies andtheir use; this knowledge
reflects the “what” and "how" of the different
strategies.However, this knowledge may

not be enough for developing expertise in
learning. Students also mustdevelop some
knowledge about the “when” and “why” of using
thesestrategies appropriately[Rajkumar 200),
Shulman1986]. Because notallstrategiesare
appropriate forevery situation, the learner must
develop someknowledge ofthe different
conditions and tasks where the different
strategies could be used most appropriately.

Along with knowledge of different strategies and
knowledge of cognitive tasks, Flavell (1979)
proposed thatself-knowledge wasan important
component of metacognition. Self-knowledge
includes knowledge of one’s strengths and
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weaknesses. This self-awareness of the breadth
and depth of one’s own knowledge base is an
importantaspectof self-knowledge. Finally,
individuals needto be aware ofthe different types
of strategies they arelikely torely onin different
situations. Anawareness thatone reliesmore on
a particularstrategy whenthere maybe better
alternative adaptive strategies for thetask, could
lead to the possibility of a changein strategy use.

Implications for learning and teaching

Metacognitive knowledge can playan important
role in student learning and, by implication, in the
ways students are taughtand assessedin the
classroom [Nuthall, G.1999].First,as previously
noted, metacognitive knowledge of strategies and
tasks,as wellas self-knowledge, is linked to how
studentswilllearn andperform inthe classroom.
Students who know about the different kinds of
strategies for learning, thinking, and problem
solving aremore likelybeusingthem. Afterall, if
students do not know of a strategy, they will not
be able to use it. Students who do know about
different strategiesfor memorytasks, for
example,are morelikely tousethemto recall
relevantinformation.Similarly, students who
knowabout differentlearning strategiesare more
likely touse them while studying.And, students
who know about general strategies for thinking
andproblem solvingare morelikelytouse them
whenconfronting differentclassroom tasks.
Metacognitive knowledge of all these different
strategies enables students to perform better and
leammore.Manyteachers assumethatsome
studentswill beable toacquire metacognitive
knowledge ontheir own, while others lack the
ability to do so.0f course, some students do
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acquire metacognitive knowledge through
experience and withage, but many morefail to do
so. It isnot expected that teacherswould teach for
metacognitive knowledgein separate courses or
separate units.

It ismore importantthat metacognitive
knowledge is embedded within the usual content-
drivenlessons indifferent subjectareas. General
strategies forthinking and problem solving can
be taughtin the context of English, mathematics,
science,social studies,arts, music,and physical
education courses.Science teachers, for example,
can teachgeneral scientific methods and
procedures,but learningwill likelybe more
effective whenitistied to specific science content,
not asan abstractidea. The key is that teachers
planto includesome goalsfor teaching
metacognitive knowledgein theirregular unit
planning,and thenactually tryto teachand assess
for the use of this type of knowledgeas they teach
other content knowledge.One of the most
important aspects of teachingfor metacognitive
knowledge isthe explicit labelling of it for
students.

Implication of physics learning

Metacognitive strategies refer tostrategies for
helpingleamersbecome moreaware of
themselves asleamers,andinclude abilityto
monitor one’s understanding throughself-
regulation; ablity toplan, monttor success and
comrecterrorswhendesirable;and abiltytoassess
one’s readinessforhighlevel performancein the
fieldone is studying [Mestre andTouger 1989].
Reflecting aboutone’s own learning isamajor
component of metacognition, and does notoccur
naturallyinthe physics classroom,due tolack of



opportunity and also because instructors often do
not emphasizeitsimportance. It iscommon to
hear physics students comment, Tam stuck on
this problem’,but when asked for more specificity
aboutthis condition of ‘stuckness’, students are at
a lossto describewhat weare stickingon this
problem thathas them stuck, and oftenjust repeat
that they are just stuck and can't proceed. If during
instruction, we were totake the ime to suggest
why, and how, students should reflectabout their
learning, therewould be fewer incidents of the
‘stuck” condition, since students would be able to
identify whatthey aremissing thatwouldallow
themtoproceed. The contemporaryview of
learningis thatindviduals activelyconstruct the
knowledgetheypossess.

Constructing knowledgeis alifelong, effortful
processrequiring significantmental engagement
from thelearner. In contrast tothe ‘absorbing
knowledge in ready-to-useform from a teacher
or textbook' view of learning, the ‘constructing
knowledge’ view has twoimportant implications
for teaching. One is that the knowledge that
individuals already possess affects theirability to
learn newknowledge. Whennew knowledge
conflicts withresident knowledge, the new
knowledgewil notmake anysense tothe learner,
andis oftenconstructed (oraccommodated) in
ways that are not optimal for long-termrecall or
forapplication inproblem-solving contexts
[Redish 2000].

The secondimplication isthat instructional
strategies thatfacilitate the construction of
knowledge should be favouredover those that do
not.Sometimes this statement isinterpreted to
mean thatwe shouldabandon all lecturing and
adopt instructional strategies where students are
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actively engagedin their learning. Lecturing could
be avery effective method for helping students
learn, butwholesale lecturingis notan effective
means of gettingthe majority of students
engaged inconstructing knowledge during class-
room instruction.Hence, instructional
approacheswhere studentsarediscussing
physics, doing physics,teaching each other
physics and offering problem solution strategies
forevaluation by peers willfacilitate the
construction of physics knowledge.

Implication of physics teaching

Largelymissing from science classrooms,
especially large lecture courses,isformative
assessment intendedto provide feedbackto both
students andinstructors, so that students have an
opportunity to revise and improve the quality of
their thinking and instructors can tailor
instructionappropriately. Theage-old technique
of asking a question to the class, and asking for a
show of hands has been tried by most, but does
not workwell since few students participatein the
hand-raising largelydue to lack ofanonymity. In
classes having fewer number of students itis not
difficult toshape teaching sothat two-way
communicationtakes place betweenthe teacher
and thestudent. Forexample, onevery effective
method of teaching physics to havingclasses with
fewernumber of students, perfectedby Resnick
(1983 involves class-wisediscussions led by the
teacher. Students offer theirreasoning for
evaluationbythe otherclassmates and by the
teacher, withthe instructional format taking
somewhat the form ofa debateamong students,
with the instructor moderating the discussion and
leading it to desired certain direction by posing
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carefullycrafted questions.In classeswithlarge histogram form fordiscussion[Mestre etal.
enrollment,the adventof classroom 1989, Redish 2000]. With this approach, the
communicationsystems allows the incorporation  histogram serves as aspringboard fora class-
of a workshopatmosphere, with students wise discussionin which students volunteer the
working collaboratively onconceptual or reasoning thatled toparticular answersand the
quantitative problems, enteringanswers rest of the classevaluates thearguments. The
electronicallyviacalculators, andviewing the teachermoderates,making surethat the
response of entire class’sin theform of discussion leadsto appropriate understanding.

Metacognitive strategies in Physics teaching
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