DEVELOPING REFLECTIVE PRE-SERVICE
MATHEMATICS TEACHER — THE KNOWLEDGE
QUARTET IN ACTION

MS ASHU THREJA MALHOTRA

Assistant Professor,
Department of Elementary Education

Introduction

The aim of learning Mathematics in the school asisgoned in NCFSE 2023 is the
development of the mathematical processes amongdearners. NCFSE 2023 emphasis on
the mathematization of the learner’s thought preeath learner appreciating mathematics as
study of patterns.

This makes imperative for the mathematics teadoelog reflective of their own practices to
engage learners in the process of the construatithre mathematical concepts. The researcher
as a teacher educator, takes opportunity, to shelyse of research-based framework, to
empower Pre-Service Mathematics intern to be riéfieof her own field experience based on

evidence based practice and lay a foundation fr grofessional development.

The Present Study

NCFSE 2023 lays down aims of Mathematics Educa@gnto develop amongst the
mathematics learners the ability of observing pagiedescribing patterns, making conjectures
based on the observed patterns, generalizing tlsenadtions, logical thinking, problem
solving, fluency in computations and communicatmgthematically across the different
strands of mathematics curriculum across diffegeaties.

The above higher goal requires the mathematichigeaavho are professionally equipped to
continuously engage in reflective practices, reifitecin and on action with perspective of
subject matter knowledge and pedagogical contemivledge specific with mathematics as a
discipline.

In this context, the researcher, in the presemlystencourages the Pre-Service, B.Ed. Intern

engaged in teaching mathematics to middle gradadesto reflect on her classroom practices

based on research-based Knowledge Quartet framework
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Theoretical Framework
The Knowledge Quartet (Rowland, Huckstep, & Thwgi00%, a research-based framework
suggests on reflection on classroom practicesmathematics classroom with the perspective

of four dimensions and the associated codes asrshotlie figure below:

- theoretical underpinning of pedagogy
- teacher demonstration - awareness of purpose
- use of instructional materials - identifying pupil errors
- choice of representations - overt display of subject knowledge
- choice of examples - use of mathematical terminology
- adherence to textbook
- concentration on procedures

TRANSFORMATION

CONTINGENCY

- making connections between

- responding to students' ideas
procedures

- deviation from lesson agenda

- making connections between concepts - teacher insight

- anticipation of complexity - responding to the (un)availability of
- decisions about sequencing tools and resources

- recognition of conceptual

appropriateness

Figure 1.Knowledge Quartet and its codes (Rowland, 2013ctiteKula & Bukova Glizel, 2014)

The assumptions of the facilitator engaged in tegcinathematics regarding : mathematics as
a discipline in the school curriculum, pedagogahsiderations for teaching mathematics,
the knowledge of the mathematical content, the kedge of the learners and the knowledge
of the learning environment that facilitates leagnof mathematics as a discipline is denoted
asFoundation.

The dimension related with the abstraction ofrtteghematical concepts in a mathematics
classroom through different representations, examahd exploiting use of concretized
experiences is denoted Bsansformation.

The dimension emphasizing on the mathematics asnaected discipline as underlying
mathematical concepts within and across the themeeselated with each other , with also an
impetus on the consideration of the hierarchy enabncepts and relation of mathematics with
other disciplines is calle@onnectedness.

The reflection in action by the teacher to the leds responses as not envisioned by the
facilitator during the planning and requiring heaiction to consider the changes to the planned
tasks is known a€ontingency.

The Pre-Service Intern who volunteered to partieipa the study was facilitated to reflect on

basis of the above framework.
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Objectives of the Study
The use of the Knowledge Quartet in action, to exglhow it supports the Pre-Service
Mathematics Intern to reflect on :
1. The specialized content knowledge for teachiaghematics.
2. The pedagogical content knowledge related weiiching of mathematics.
3. Making implicit connectedness within mathemadiond connectedness of mathematics with
other disciplines explicit

4. The classroom practices in action.

Methodology
The present study is a qualitative study usingdfee study. The data is collected by the
researcher through the non-participant observati@8 classes of a Pre-Service Intern (Sl,the
pseudo name of the Intern).SI* is engaged in tewctiie subtheme Multiplication of Fractions
to grade ¥ students during her School Experience Progran2™ryear of a 2-year B.Ed.
program.
The class observation is followed by debriefingsgan with SI* as suggested in the
Knowledge Quartet. S, in the debriefing sessioengpowered to reflect on the classroom
practices. A semi structure interview guide ad laas used for the same to encourage the
student teacher reflect on:

a ) the extent, the learning objedifor the class were accomplished ;

b ) the executed tasks , if engadgednbathematics learners in development of the

concepts and the mathematical processes;

c) the dilemmas of teaching mathematics;

d) changes to be incorporated if replanning the execptan.

Of the 08 classes observed, SI* shared her raflestivith the researcher during the debriefing
sessions immediately after the classroom obsendio the initial 03 executed lessons these
were without any intervention by the researcherthin 04rth debriefing session, researcher
intervened and share with SI* the domains of thewledge Quartet, and made the Intern,
recognize the explicit aspects a mathematics teachght to reflect during planning, execution

and after execution of the lesson in accordanck thig Quartet. The intern after each of the
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classroom observation and debriefing session \Wwiéhrésearcher was encouraged to lay down

written reflections on basis of the executed matites class and the debriefing session

Results and Discussions

In the first 03 debriefing sessions, the researctealized that Intern was primarily
preoccupied with concerns related with exploringksafor the lesson (most of them
based on mathematical facts and procedures), ctaasmanagement and completion
of the planned lessons. The researcher as a mdihenteacher educator herself,
considered it essential to intervene and makéntken reflect upon the aspects related
with content knowledge for teaching mathematics asdociated constructivist
pedagogical considerations for teaching mathemttiesgage both the facilitator and
the learners in a mathematics classroom in thastoaction of the mathematical
concepts and the development of the mathematiocgkegses , which have been learnt
in the first year of Intern’s study as a B.Ed. toid

In the 4rth debriefing session, the Knowledge (atahd its dimensions were discussed with
the intern by the researcher in correspondence tivithesson planned for th# ébservation
and the class observed. The student intern iaditd reflect upon her planning and classroom
practices with the perspective of the Quartet’satisions.

One of the classroom episodes executed by SI* attiplication of Unit Fractions to
substantiate the further discussions and analysikpw the introduction of the research-based
framework Knowledge Quartet , provided an oppotiund the intern to reconsider her
planning and execution in consideration with matates as a discipline and reflect explicitly
on aspects related with teaching and learning dhemaatics is laid down.

In the vignette SI* represents the Student intewch&* ,S** ,S*** represent the pseudo names

of the students responding in class.

Classroom Vignette on Multiplication of Unit Fractions (as observed by the

researcher as Non-Participant Observer)

A Circular cut out as a whole is used to makenees observe the process of finding 1/2 of
1/3 SI* . Consider the circle as a whole. (Theauitis pasted on the blackboard and learners
too are distributed with the same in pairs)

SI* : Can someone share how do | divide it ificeé equal parts
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S* : Divides it into three equal parts, eachqdi@ parts is 1/3(shows concretely and also the
visual representation in the notebook and shartfsalassmates)

SI* : Shows three equal parts, of the circularaut to the class as a whole. Each of the part

1.
e

is pasted on the BB

3

shutterst.ck =

SI* : If each of these 1/3, is divided intoawequal parts, how many parts the whole is
divided into?
What does each part represent?
Try to do in your notebooks and share ....

S*, S**, S***(responses of the students as obsénvenotebooks by the SI*)

Fuds

SI*: How many equal parts the whole is divided imthen each of 1/3 is divided into 2 equal
parts?

S*: 6 equal parts

SI* : What does each part is of a whole in term&adtion?

S**: (& many more ...) 1/6

SI* : We observe 1/20f1/3 is 1/6... now try to finiBbf 1/4

Sl *:How will you do?

S* (& many more): Mam...we have to show with pictire..

SI*: Yes

S* :Can we do with some other shape in place afecir... Can | take a rectangle....?
SI*: Yes
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.... Students representing 1/4 of rectangle , asreedein notebooks by SI*

Each part is ¥4 of rectangle....(Students as theyalied)

SI* :We need to find 1/3 of 1/4 , so how we will ghead?

S*** :‘We will take 1/4 divide it into three equalapts...and extend this division to whole
rectangle

SI* : Represent it in your figure.

Gk
SI* : How many equal parts , the whole is divideth?
S***(&many more) :12 equal parts
SI*: What part represents 1/3 of 1/4?
S*: 1/12
SI*: Do the following Examples and represent aibu
a) 1/5 of 1/2 b)1/5 of 1/3 c) 1/6 of 1/4
S**** Mam can | also use triangle .....to show byfires
SI* : Yes
Once the learners have represented the above thxisigpl representations , SI*,the Student
Intern , herself , tells them the working procedtore multiplication of the unit fractions ,
namely

multiplying numerator by numerator and denominatpdenominator.
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Analysis of Classroom Vignette and Debriefing Sessi with Student Intern

The class observed above was followed with theiefg session, with, SI*, the Student
Intern, was encouraged to share her reflectionarrespondence with the Quartet’s
dimensions.

In words of the Intern SI*

In the last debriefing session, I(SI*) reflecteduoghe abstract nature of the mathematics and
assumptions regarding how learners can be engagtt iprocess of learning the abstract
concepts in mathematics, how learners, as researdbarning asserts, to be engaged in the
construction of the concepts vis a vis learning rirethematical facts and procedures. The
dimension,

Foundation, made me, reconsider, my own, assumptions regatdaching and learning of
mathematics, with perspective of theoretical pesBpes 1(S1*) have had studied as part of my
first year of B.Ed.

| (SI*) realized that instead of focusing just orogedure-based mathematics teaching and
learning ought to design tasks during lesson ptamnwvith a belief , that my learners can be
engaged in tasks with high cognitive demands andhé development of mathematical
processes .The change in my perspective lead ttgekan the next lesson planned for , sub
concept , Multiplication of unit fractions . I(SI*jnade , an effort , to study , the texts related
with research-based considerations for teachingegus related with the Multiplication of
fractions , for planning the lesson . This has nradeaeflect on need to study the mathematical
concepts and their development myself prior tcagegnyself in lesson planning . I(SI*) have
realized to develop the content knowledge for tla¢h@matical themes | will be teaching.

| (SI*) reflected on the development of the proaadliinowledge for multiplying unit fractions
with unit fractions in relation with the conceptualowledge by exploiting the use of the
concrete and the visual representatioigansforming the mathematical knowledge , to
empower learners to develop the mathematical ptoeadith implicit concepts made explicit
.Learners were engaged in the representation ofinftefractions and fractions obtained by
multiplying a unit fraction with a unit fraction ipnarily through simple paper cut outs and then
by the visuals , they were involved , in relationatlerstanding , relating the concept and the
procedure , verbalizing the process and also ameajgion for the symbolic register for
fractions both verbal and written.

Since beginning of my Internship ,I (SI*) have newstently observed ,that all the learners just
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emphasize on getting the products to the assigrsd® tquestions by following defined set of
rules and procedures instead appreciating the ¢ihgrocess. It was really worthwhile
moment today when one of the students asked: “Mam.have to find the product with
pictures” for the follow up working examples as®drto them. This made me consider that
there’s a beginning shift to motivate learnerselate procedure with concefipnnectedness

| (S¥)reflected in actionContingency regarding sequencing of examples,@loenectedness
as | observed many of the learners were findindjehging to represent double shaded region
for example 1/3 of 1/4 but if initiated with simpéxamplel/5 of 1/2 it would have helped
learners more to locate the requisite common regépmesenting the product of two-unit
fractions. | (SI*) reflected on the need of morec®tized experiences with the paper cut outs
prior to the visual representations.

| (SI*)reflected in action Contingency , that, prior to encouraging learriersxploit concrete
(paper cut out) and visual representations , | houg have exploited the use of context in
learning of concepts. A, student’s response magleaftect on the use of real-life situations
related with the child’s context ,as a student talsdhe end of the class remarked , Mam ,the
circular cut out you gave us today and pasted on B8s the pizza. I(SI*) also ,reflected how
learning in context, can, give opportunities to mect mathematics with daily life |,
Connectedness.

I(SI*) simply responded “yes”, when one of the leans asked can we use Triangles to
represent the fractions visually ,instead encoathe learner to do and discern challenges in
use of Triangle as a figure to be partitioned inagartgReflection on Actionand providing

an opportunity in class for discussion related toiclw shapes to be optimally used for
representation of fractions and operations onifrast.

After the Intern’s reflections, the researcher imé@ed and asked how you think about you
telling the learners the working rule to find pratiof unit fractions.

Intern shared.... “we as teachers need to....as witfe laumbers ...we cannot expect our
learners to visually represent the questions asdign

The researcher made intern realize that how shd emgourage learners to observe the Pattern
of products obtained in varied examples assignddamers and if given an opportunity to
generalize their observations, a few of learneraldvbave generalized the procedure in their

own words and how the Intern would have facilitath@ process oRepresentation,

Abstraction and Generalizatiornthe process of learning mathematics.
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Conclusion

The researcher observed that the cognizance of the research based framework , the Knowledge
Quartet , and in depth debriefing sessions empowered Pre Service Intern to be involved
consistently in the evidence based teaching practices .Pre Service Intern made assertions
explicitly with respect to content knowledge and the pedagogical per spectives for teaching and
learning mathematics, reflecting on classroom interaction based on tasks, questions, errors,
examples ,mathematical language and many more ,substantiating each assertion with
classroom observations and experiences.Pre Service Intern evolved as a researcher in action

.exploiting classroom as her space for research.
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