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Challenges, obstacles and outcomes of
applying inquiry method in primary
school mathematics: example of an

experienced teacher

Abstract: This paper analyses the attempts of an experienced mathematics teacher to apply principles of
inquiry based teaching in her practice upon receiving training on the topic. Results of the analysis of teacher’s
practices based on her reflective accounts, lesson plan forms and observations of videotaped lessons show that
the teacher devotes very little time to non-instructional activities, while instructional ones are in line with ac-
tivities presumed to be part of the inquiry approach. With respect to the particular Components of Inquiry dif-
ference between the two observed lessons was found for the Explain phase of the lesson, although both Explore
and Explain phases were consistently coded as higher level order (e.g. students were focused on problem solving,
combining and constructing new ideas). The process was also followed by appropriate discursive patterns. Re-
sults are discussed in the light of the training received and possible improvements to be made.

Key words: mathematics, inquiry based learning, teacher.

Introduction

For the past two decades, there has been a
clear push toward instructional practices that facili-
tate the active role of students in the process of learn-
ing along with their critical, deep order and diver-
gent thinking. Although the model of inquiry essen-
tially refers to science education (Rocard, Cserme-
ly, Jorde, Lenzen, Walberg-Henriksson & Hemmo,
2007) extensive efforts have been made to develop
and confer inquiry to the mathematics domain (Ar-
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tigue & Baptist, 2012). As to mathematics per se it
has been acknowledged that for students to excel in
the world nowadays they must be equipped to solve
complex problems instead of just memorizing al-
gorithms, definitions and directly applying knowl-
edge that was gained (Friedman, 2005). The same
notion is supported by Programme for Internation-
al Student Assessment (PISA) and Trends in Inter-
national Mathematics and Science Study (TIMSS)
data. Despite the fact our students obtain higher
than average results in the latter these also suggest
our students struggling the most when it comes to
those tasks that acquire thinking outside-of-the-box
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(Gasi¢-Pavisi¢ & Stankovié, 2012; Pavlovié-Babié &
Baucal, 2013).

The focus of the present study is to examine
inquiry practices in mathematics of one experienced
teacher in an urban school setting. We intend to ex-
plore whether the amount of time spent on various
components of inquiry, the order that these compo-
nents are presented to students and discursive pat-
terns behind it can relate to the cognitive level at
which students are expected to work and learn. The
teacher’s reflective accounts will also be taken into
account, as to assess the way teachers perceives own
practice in an attempt to apply the inquiry method.

Theoretical background

In one form or another learning always in-
volves knowledge construction irrespective of the
domain in which is taking place. Thus it is of the es-
sence to explore which kind of instructional practic-
es are likely to promote such knowledge construc-
tion. When one observes mathematics as a domain,
often mathematics is perceived as a set of formulae
to be applied to a list of problems. Such a “miscon-
ception” is largely developed thanks to the way in
which mathematics is often taught (i.e. teacher dem-
onstrating a method of calculation and students sub-
sequently repeating it without reflection) (Artigue &
Baptist, 2012). It is not surprising that for the past
two decades we have been dealing with delibera-
tive attempts to introduce more active teaching and
learning methods in mathematics, along with a clear
understanding of what makes some teachers more
effective in introducing such practices than the oth-
ers.

Inquiry based teaching in mathematics is
among those approaches that focus on providing
students with an active setting in which they are no
longer passive recipients and consumers of knowl-
edge. Rather, with the help of the teacher, they learn
how to understand the concepts of mathematics,
and not the mere mechanics of how to solve a cer-

tain problem. The teacher is there to provide each
student with essential scaffolding based on the stu-
dents’ interest, readiness and ability, while students
question, explore, observe, discover, assume, ex-
plain, and prove mathematical concepts, which
forces them to think critically and analytically in
the realm of mathematics (Tomlinson & McTighe,
2003). In Cobbs description of inquiry in mathe-
matics, the classroom ideal would be the one posi-
tioning the teacher and students “acting in and elab-
orating a taken-as-shared mathematical reality in the
course of their ongoing negotiations of mathematical
meanings” (Cobb & Yackel, 1998, p. 163).

At the same time, inquiry based teaching
does resonate with the values elicited in the prob-
lem-solving tradition (Polya, 1945), the Realistic
Mathematics Education (Freudenthal, 1973), the
Theory of Didactical Situations (Brousseau, 1997),
the socio-cultural approaches and the idea of com-
munity of practice (Lave & Wenger, 1991) or the di-
alogical perspective (Bakhtin, 1981). To a certain
degree, each of these approaches to mathematics
education has something in common with the in-
quiry-based perspective, but each tends to shape its
proposed values in its own particular way (Artigue,
Dilon, Harlen & Lena, 2012).

Inquiry as a pedagogy is primarily associ-
ated with John Dewey (Dewey, 1938). In his opin-
ion inquiry as a method offers the possibility for the
everyday experiences to reinforce students’ natu-
ral thinking, rather than attempting to restructure
thinking on the basis of subject-specific knowledge.
In his understanding, inquiry naturally happens in
the context of ordinary-life experiences’, whilst sub-
ject knowledge serves only as a site for forming in-
quiry skills. However ‘school context’ inquiry is not
necessarily like this. It does not have to start with
everyday experiences. In mathematics, for example,
a spur to inquiry can be a mathematical statement or
an equation. If it is set just above the current knowl-
edge of students, it can spark interest and question-
ing and encourage them to rise above themselves.
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Although students are in such a case somehow dis-
placed from their own comfort zones and ‘provoked’
in a Piagetian manner (Piaget, 1969; Piaget & In-
helder, 1978), it also allows them to perform in the
zone where they can be challenged to think critically
without being overwhelmed (Vygotsky, 1978). Scaf-
folding, one of the key elements of inquiry based
learning, makes the learning more manageable for
students by altering difficult and complex tasks in
modes that make these tasks accessible, within the
student’s zone of proximal development (Vygotsky,
1978; Rogoft, 1990). Simultaneously an important
feature of scaffolding is that it supports students’
learning of both how to do the task, as well as why
the task should be done following particular pro-
cedures. The latter is sometimes of key importance
precisely for the domain of mathematics (Hmelo-
Silver, 2006). Again irrespective of the domain, scaf-
folding facilitates problematizing important aspects
of students’ work in order to force them to engage
with key disciplinary frameworks and strategies
(Reiser, 2004).

The findings of several studies indicate that
the application of an inquiry based approach in
teaching has a positive impact on student achieve-
ment and motivation (e.g. GLEF, 2001; Hmelo-Sil-
ver, Duncan & Chinn, 2007). The method is also
found to contribute to the development of creativ-
ity and independence of students as they become
directly responsible for the outcome at the end of
the process (Kithne, 1995). This equally applies to
those students who need additional support in their
daily classroom activities. Over the last couple of
years, several large European projects were aiming
to promote inquiry-based learning in mathematics
classes (e.g. the Fibonacci project, PRIMAS - Pro-
moting Inquiry in Mathematics and Science Ed-
ucation). As some of the survey reports indicate,
inquiry-based learning has not found its way into
daily teaching practice (PRIMAS, 2011). Teachers’
doubts about inquiry relate to several issues such as
the fact that inquiry, with its focus on everyday ex-
periences and inductive learning, is not envisioned

as a genuine pedagogy for mathematics and some
classroom level restraints on inquiry are commonly
found (i.e. curriculum boundaries, students’ lack of
skills, classroom management issues).

However, in order for the meaningful inquiry
to take place and to bring students investigations to
a point of deep understanding regarding a key con-
cept in the discipline, teachers need to be equipped
to facilitate such investigations and to be able to an-
alyse how to shape own practice in future inquiry
endeavours.

Only a particular instructional move will
help students to analyse instead of recall, to justify
as an alternative to define, and to formulate instead
of listing. In line with this, researchers and teacher
trainers have developed theory-driven and empir-
ically based design strategies for integrating effec-
tive scaffolding strategies to inquiry based learning
(Hmelo-Silver, 2006; Quintana, Reiser, Davis, Kra-
jcik, Fretz, Duncan, Kuza, Edelson & Soloway, 2004;
Reiser, Tabak, Sandoval, Smith, Steinmuller, & Leo-
ne, 2001); yet in-service programs designed for dis-
seminating inquiry-based teaching have been eval-
uated as producing varying results with regard to
teachers’ effective practices and further professional
development (Nelson, 2009). Oliveira (2010) states
how many short-term professional development
programs provide incomplete information and fail
to facilitate teachers” deeper understanding of class-
room inquiries at the level originally intended. Ol-
iveira further stresses the dynamic view of class-
room inquiries and the need to take into account
prior beliefs and practices of each teacher involved
in such programmes along with their reflections on
the process.

Most currently-used inquiry instructional
models use a four component model (Eisenkraft,
2003; Bybee, Taylor, Gardner, Scotter, Powell, West-
brook & Landes, 2006; Marshall et al., 2009; Marshal
& Horton, 2011), including: the engage phase (i.e.
misconceptions and prior knowledge are exposed);
the explore phase (i.e. learners actively investigate

101



Jelena Radisi¢, Smiljana Josié

scientific concepts); the explain phase (i.e. prior
knowledge is combined with the ongoing learning
process as to generate conceptual understanding);
and the extend phase (i.e. learning is deepened and
applied to new situations), often observed as an ad-
dition of the engaging and exploring stages. During
all of these phases, students are expected to actively
engage and make sense of the data they have gath-
ered. The teacher is there to probe, question, and
help draw the pieces together. Having in mind this
framework, we intend to answer the following ques-
tions: (1) how does the order of instruction narrate
to the time spent to explore and explain the compo-
nents of the inquiry process? (2) how does the order
of instruction organized by the teacher relate to the
cognitive level displayed by students? “explain” and
“explore” phases will be central to our inquiry. and
(3) which discursive patterns are played during the
“explain” stage performed by the students? All ques-
tions will be observed from the stand point of teach-
er practices and how these are shaped as to address
the needs of students.

Methodology

The paper is part of a five year project ti-
tled “From stimulating initiative, cooperation and
creation in education to new roles and identities in
society*?, realized by the Institute for Educational re-
search. The project is taking place in an elementary
school in Belgrade (Serbia) where a new model of
teaching and learning has been implemented by fo-
cusing on promotion and fostering creativity, initia-
tive and cooperation in the classroom. The so called
“Trefoil” platform has been thoroughly described in
several publications (Sefer & Sevkusi¢, 2012; Sefer
& Radisi¢, 2012; Komlenovi¢ & Sefer, 2013; Sefer,
Stankovi¢, Deri¢ & Dzinovié, 2015).

As part of the third year of the Project, the
entire teaching staff in the above-mentioned school

3 Grant number 179034, Ministry of Education, Science and
Technological Development

received one year of training covering topics related
to fostering creativity, cooperation and initiative in
the classroom. After each instructional session, the
teachers had two weeks to apply the concepts after
which these were discussed in focus groups gather-
ing teachers of the same subject. As part of the fol-
low up activities, each teacher prepared a lesson
plan with reflections on how he/she perceived the
activities during the lesson. Some of the performed
lessons were also videotaped upon receiving an ap-
proval by the teacher. Prior to implementation of
training sessions, two lessons of all the school teach-
ing staff were observed by two researchers.

Sample

The current research is a case study on prac-
tices of one experienced mathematics teacher and
her attempts to apply inquiry based teaching in the
two classes she was teaching. Both classes included
6™ grade students (aged 12-13) and are taught the
topic of congruence of triangles. In teacher’s ac-
counts both classes are typical (N=20) with one dis-
tinction that in one of them she is the class teacher.

Lesson plan

The teacher’s lesson plan indicates the activi-
ties to be performed in groups. Each group received
prompts as indicated below. The groups are hetero-
geneous with respect to school performance, com-
posed of 3-4 students.. At the beginning of the les-
son the teacher planned to use a Power Point pres-
entation to introduce the topic, to give instruction
to each group and to follow their work. The instruc-
tion for the students was to find as many ways pos-
sible to construct the same triangle as in the prompt
they received. Each group has to check whether the
constructed triangle is compatible to the original
one. Each group has to present their own work and
to discuss the solution, as well as the difficulties they
had to overcome in the process. Criteria for rank-
ing the group work included accuracy of the solu-
tion, the number of triangles constructed in differ-
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ent ways, the active participation of all students —
the level of cooperation on the basis of monitoring
activities. The highest rank mistake was considered
to be construction of a triangle, which is not com-
patible with the one given in the prompt.

Figure 1. Example of a teacher prompt

The teacher also needed to provide the re-
searchers with a short narrative on her perception of
both lessons, what she considered to be exception-
ally good, what kind of difficulties she encountered,
and whether the lesson realization differed with ref-
erence to the initial lesson plan.

Videotaping procedures

Two lessons were videotaped, one per class.
In both classes, the teacher applied the same teach-
ing unit. In this way we were able to capture the
teacher’s practices and to record possible differences
with respect to the provided instruction. Record-
ing was done using two cameras inside the class-
room. One camera followed the teacher, while the
other followed the interaction among students with-
in the classroom. Ethical guidelines were fully fol-
lowed during the recording and for each child par-
ents’ consents were obtained. After the videotaping
was conducted, a semi-structured “post lesson video
stimulated interview” was planned with the teacher,
but due to technical difficulties (i.e. teacher’s una-
vailability) these data are not available.

Instrument

Both classroom recordings were observed
using the Electronic Quality of Inquiry Protocol
(EQUIP; Marshall, Horton, Smart, & Llewellyn,

Figure 2. Inquiry and Student Thinking — Part of a descriptive section describing order of instruction

Non-instructional

explanation, teacher
seen as both giver
of knowledge

and facilitator,
beginning of class
warm-ups

process as much as
the product, teacher
facilitates learning
and students
activity at all stages,
including the
explanation phase

Construct time Pre-inquiry Developing Proficient inquiry Exemplary inquiry
measured (Level 0) (Level 1) inquiry (Level 2) (Level 3) (Level 4)
administrative teacher-centred, |teacher- centred largely student- student- centred,
tasks, handing passive students, | with some active centred, focuson | students are active
back/collecting prescriptive, engagement students as active | in constructing and
papers, general didactic of students, learners, inquiries | understanding the
announcements, discourse prescriptive though |are guided and content, rich teacher-
time away from pattern, no not entirely, mostly |include students’ student and student-
instruction inquiry attempt | didactic with some |input, discourse student dialogues,
open-ended includes teacher
Order of discussions, teacher |discussions that facilitates learning
Instruction dominates the emphasize the in effective ways

to encourage

students’ learning

and conceptual
development,
assumptions and
misconceptions are
challenged by students
and teacher
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2008; Marshall, Horton, & White, 2009). The in-
strument was designed to measure the quantity and
quality of inquiry instruction being implemented
and provided an adequate validity (Marshall, Smart,
& Horton, 2010). EQUIP measures 6 indicators at
five-minute intervals (Activity, Organisation, Stu-
dents attention to the Lesson, Cognitive, Inquiry

Instruction and Assessment) and then 19 indica-
tors at the conclusion of the observation. The latter
addresses four major constructs: Instruction, Dis-
course, Assessment, and Curriculum. For the ana-
lytical purposes of this paper, the Order of Instruc-
tion indicator under the Instruction construct was

Figure 3. Explanation of codes used to assess quality of inquiry (Marshall et al., 2008; Marshall, Horton, ¢

White, 2009).

Cognitive Level—displayed by students

Components of Inquiry—facilitated by teacher

0. Other-e.g., classroom disruption, non-instructional
portion of lesson, administrative activity

0. Non-inquiry: activities with the purpose of skill
automation; rote memorization of facts;

drill and practice; checking answers on homework, quizzes,
or classwork with little or no explanation

1. Receipt of knowledge

1. Engage: typically situated at the beginning of the lesson;
assessing student prior knowledge and misconceptions;
stimulating student interest

2. Lower order (recall, remember, understand) and/or
activities focused on completion exercises, computation

2. Explore: students investigate a new idea or concept

3. Apply (demonstrate, modify, compare) and/or activities
focused on problem solving

concept

3. Explain: teacher or students making sense of an idea or

interpret)

4. Analyse/Evaluate (evidence, verify, analyse, justify,

4. Extend: students apply ideas to a new contextual setting
or investigate concepts in greater depth

5. Create (combine, construct, develop, formulate)

Figure 4. Explanation of codes used to assess discourse construct

(Marshall et al., 2008; Marshall, Horton, ¢& White, 2009).

rarely followed-up with
further probing

response with further
low-level probe

engaging probe that
required student to

justify reasoning or
evidence

Construct Pre-inquiry Developing Proficient inquiry Exemplary inquiry
Measured (Level 1) inquiry (Level 2) (Level 3) (Level 4)
Communication Communication was Communication was Communication was Communication
Pattern controlled and directed | typically controlled often conversational was consistently
by teacher and followed | and directed by teacher | with some student conversational with
a didactic pattern with occasional input | questions guiding the |student questions
from other students; discussion often guiding the
mostly didactic pattern discussion
Classroom Teacher accepted Teacher or another Teacher or another Teacher consistently
Interactions answers, correcting student occasionally student often followed- |and effectively
when necessary, but followed-up student up response with facilitated rich

classroom dialogue
where evidence,
assumptions, and
reasoning were
challenged by teacher
or other students
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used (see Figure 2) to track the progression of the
instruction, followed by the Discourse construct.

As for the indicators measured at five-minute
intervals, two were central to this study: Cognitive
Level of students and Component of Inquiry (see Fig-
ure 3). Following the coding a rough percent of time
dedicated to each category (e.g., Explore, Explain)
for both of the indicators was calculated*.

Discourse construct was observed focusing
on two out of five possible segments. These included
communication patterns and classroom interaction
pattern. Taking into account the overall organiza-
tion of the lessons, the questioning levels, the com-
plexity of the questions and the questioning ecology
were excluded from the analysis (Figure 4).

Results

In both classes the organisation of the lesson
unfolds in the same manner. The teacher introduces
the prompts, the students spend some time work-
ing in groups, and then results are presented to the
whole class. However, while the length of the lesson
in one of the classes is proportional to the usual in-
structional time in Serbia — 45 minutes, in the other
the lesson is prolonged to 60 minutes. The teacher
organizes the lessons between giving a whole class
instruction and working in small groups. Both les-
sons were systematically coded as ‘80% or more of
the students are attending to the lesson’ (i.e. most stu-
dents are taking notes or looking at the teacher dur-
ing lecture, writing on the worksheet, most students
have volunteering ideas during a discussion and are
engaged in small group discussions even without
the presence of the teacher). In her post-lesson re-
flective accounts the teacher declares she was satis-
fied by the level of collaboration within the groups
and that she noticed just a few disagreements be-

4 Observations were also coded for the Activity, Organization,
Students’ attention to the Lesson and Assessment order. We will
briefly mention it in the results’ section.

tween them. She also informs that the way the les-
son unfolded was fully in line with her lesson plan.

As for the time spent on different components
for the order of instruction construct no differences in
absolute time (counted in minutes) were found be-
tween the videotaped lessons and the non-instruc-
tional and pre-inquiry time (figure 5). Small differ-
ences are visible if we account for the proportion of
time devoted to these components in reference to
the full length of the lesson (45 minutes, class A; and
60 minutes, class B). Differences in both share of
time and actual time devoted exist for the compo-
nents developing inquiry and proficient-exemplary
inquiry activities. Developing inquiry received more
attention in class A, while proficient-exemplary in-
quiry activities received substantially more time in
class B.

When the instruction provided opportuni-
ties for students to engage and explore concepts they
were prompted with, a full explanation followed.
Again, when students were involved in the expla-
nation part of the lesson, these received a proficient
rating or above (cf. indicators, levels 3 and/or 4, Fig-
ure 2). In both of the lessons the same observations
were made and consistency in teacher practices was
noted.

Following these observations, the differences
between the two class groups on the percent of time
devoted to different Components of Inquiry and on
the Cognitive Level displayed by students were inves-
tigated as to deepen our understanding of the prac-
tices perceived on the videotaped lessons. No differ-
ences were noted between the two lessons (based on
Components of Inquiry) regarding the time allocated
for the Engage and Explore portions of the lesson,
if we observe the actual time devoted to these ac-
tivities. The time ratio in respect to the full length of
the lesson does differ, but this can be attributed to
the differences in the lesson length (45 vs. 60 min-
utes). The largest difference between the two ob-
served lessons may be found in respect to the expla-
nation portion of the lesson, 33% vs. 57% of the les-
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Figure 5. Percent of time allocated to different instructional components

class B

class A

W proficient or exemplary
W developing inquiry
pre-inquiry

W non instructional

o

20 40 60

80 100

son time devoted to the activity (15 vs. 34 minutes).
More time for the explanation phase was given to
the students of the class B, despite the fact they have
dealt with the same lesson topic and that the actu-
al number of students does not differ between these
two classes. Having in mind that this is the part of
the lesson during which students are expected to ac-
tively engage in making sense of the concepts they
have investigated, time allocation is equally as im-
portant as well as how that time is spent and man-
aged by the teacher.

Cognitive Activity of Students allows for a
deeper analysis of the latter aspect. The aspect was

coded for all students within the class, at five-min-
ute intervals. In both lessons less than 5% of the total
lesson time was coded for cognitive level 0 referring
to classroom disruption, non-instructional portion
of lesson and/or administrative activity. All these
speak in favour of teacher keeping track of time and
how that time is used. As for the parts of the lesson
devoted to engage phase (figure 6), they were con-
sistently coded for lower levels of cognitive codes,
such as recall and remember information (e.g. pro-
cedures related to transmitting lines and angles).
However all these could be clearly situated only at
the beginning of the lesson when the teacher is de-
voted to facilitating engagement of her students.

Figure 6. Percent of time allocated to different components of inquiry

CLASS B

CLASS A

M Explain
M Explore
Engage

H Non-inquiry

40 50 60
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Nevertheless, already during the explo-
ration parts of the videotaped lesson (i.e. stu-
dents investigating a new idea or concept), ac-
tivities were consistently coded in both classes
as higher level order during which it was visi-
ble that students were focused on problem solv-
ing and combining and constructing new ideas,
while the teacher was facilitating their activity.
During that time the teacher was also monitor-
ing and assessing students’ progress. She was
circulating around the class, probing for under-
standing and commenting as appropriate.

Higher level cognitive codes remained dur-
ing the explain phase along with teacher’s clear em-
phasis on students providing evidences, and to verify
and justify own results. Several aspects of this part of
the lesson were interesting for the focus of this study.
In both lessons students were unaware of the actu-
al time they would have for presenting their results.
Even when they started exploring the concepts, no
information of the given time was announced, but
rather 2 minutes prior presentation teacher was an-
nouncing how much time they had left. From these
actions it was clear the teacher was keeping track of
time, but if we have in mind that part of the teach-
er’s instruction related to the number of produced
solutions, saying out loud how much time one has
in disposal is for both the students and the teacher a
useful one. For students this allows for planning of
the activity within the given time constraints, while
the teacher actually may be more effective in track-
ing how well students organize own activities.

In class B, 57% of lesson time was devoted to
the Explain phase. This allowed for the groups not to
be interrupted and to speak freely and without time
constraints, on how they have investigated given
concepts and which evidences they can provide to
show that the solution they have found is the correct
one. At the same time, this also allowed the teacher
more time to deal with possible mistakes and mis-
conception which may have risen in the process. We

present part of the presentation given by a group in
the row, during the lesson in class B (Excerpt 1).

Excerpt 1. Example of students’ presentations (class B)
1. Student 1: >ok here is the first
idea< (.)°we haven’t fi:nished the
second one-°
evo ovako ovo Jje prva ideja (.)
odrugu nismo za:vrSilie
2. Teacher: not to me
sa:mo NE me:ni

3. Student 1: this 1is the angle
(.) triangle (.) we were looking for
ovo je ugao (.) trougao (.) koji smo
trazili

[Turns omitted]

5. Student 1: so (.) we have

transferred this 1line (.)that is
(.) we transferred a line here (.)
an arbitrary
o:vako (.) sa:da smo prvo preneli
ovu duz (.)to je (.) Jednu duzinu
smo preneli ovde (.) proizvoljnu

6. Student 2: I mean we dra:w an
arbitrary line (.) and we have
measured it ((shows the prompt))
and we have tra:nsfe:rred it
mislim na:cr:tali smo proizvoljnu

polupravu (.)1 izmerili ovu pravu ((
pokazuje na crtez)) (.)1 pre:ne:li
Jje
7. Teacher: >in< sho:rty (.)
we have transferred a side of the
train:gle (.) period:
>ukratko< re:cenot (.) preneli smo
jednu stranicu tro:ugla (.) tackar
8. Student 1: then Marija

transferred this o:ne angle (.) from
he:re and another from he:re (.) so
we e:xte:nd the 1li:nes and Jju:st
(.) and the inte:rsection point we
called a T ((a boy raises his hand))
and this right where the two: met
(.) we marked the thi:rd angle (.)
and we have proved it by overlapping
the triangle against the 1li:ght
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Ondaje Marija prenela ovaj Jje:dan

ugaot (.) oda:vde I drugi oda:vde
(.)pa smo pro:du:zi:li kra:ke 1
sa:mo (.) tacku pre:seka smo nazvali
tacka T ((decak podiZe ruku)) (.)
I onda tu gde su nam se srele te
dve: kad su se pre:sekle (.) tu smo
izna¢ili tre:é¢i ugao (.) 1 to smo
dokazali tako Sto kada preklopimo
na sve:tlosti budu jednake

[Turns omitted]

9.

10.

11.

12.

13.

108

Student 1: >no no< we have this
another idea we were not able to
finish () (.) if we had just improved
it a little bit (.) these 1i:de:as
(.) as we all had i:de:as

>nije nije< imamo tu drugu ideju
koju nismo uspeli da zavrSimo () (.)
malo da smo je samo usa:vrsili (.)

te i:de:je (.) Jer smo svi imali
i:de:je
Teacher: what was the

be:ginning idea here?

a sta je po:cCetna tu 1:dej:ar?
Student 1: we had a pro:blem in
the first how to transfer the line
(.) to fi:znd a way (.) then the
other idea wa:s to dra:w a normal
line (.) so: we didn’t make it to
the end (.) if we agreed among
ourselves (.) we have this angle
i:mali smo pro:blem da pro:nademo
na:¢in u prvom kako da prenesemo
liniju (.) onda druga ideja Jjeste
bi:la da povu:emo normalu (.)

o:vaj to nismo Jjos sti:gli (.)da
smo se do:g:ovorili (.) tu imamo
taj ugao

Student 2: triangle

trougao

Student 1: triangle yes (.)
then we wanted here to pull (.)
li:ke this a norma:1 line (.) and
then here would normally be a 90°
angle (.) and the:n (.) then we

could wuse this si:de which has
these adja:cent angles (.) we could
use 1t as the ce:ntreli:ne (.) and
now a:ctually=

trougao da (.) onda smo ovde hteli
da povu:cemo (.) o:vako jednu
norma:lu (.)onda bi ovde normalno
bio prav ugao (.) 1 sa:d (.) onda
smo ovu stra:nicu na koju su ovi
uglovi na:legli (.) mogli smo da
koristimo kao sime:tra:lu (.) 1

sada u:stvari=

14. Teacher: =>wait wait<
centreline by? (.) a:hat a:ngle:s
=>Cekaj cekaj< simetrala cega? (.)
a:hat uglo:va:

15. Student 1: yes and now (.) and
here we put the divider (.)and here
we ma:ke a bow (.) and then Jjust
tra:nsfer symmetrically here (.)
and then when we connect we ge:t
actua:1lly these two e:qua:l (.) and
we could prove it by overlapping it
against the light on the wi:ndow
da 1 sa:da(.) 1 ovde stavimo Sestar
(.) 1 tuna:pra:vimo lu:k (.) i onda
samo pre:nesemo sSimetricno o:vde
(.) 1 onda kada spojimo do:bijemo
ustva:ri ta dva je:dna:kat (.) a to
bismo mogli da dokaZemo tako Sto
bismo prislonili papir na pro:zor

In the excerpt, student 1 takes over the pres-
entation while the second one monitors her word-
ing. Enough time was given to them to explain what
they have done and also to include the second idea
they formulated with in the ongoing explanation.
However, in the way they organize their wording,
one can also capture who actually took part in the
process of discovering possible solutions. In this
case, this was a joint endeavour as the students not
only systematically use the ‘we’ positioning, but also
inform their audience when a specific move is the
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contribution of a particular group member - “then
Marija transferred this o:ne angle from here and an-
other from here so we e:xte:nd the lines and just (.)
and the intersection point we called a T”.

These exchanges, at the level of existing com-
munication patterns even when the conversation is
somewhat directed by the teacher, were systemati-
cally coded at levels 3 and 4 - proficient and exem-
plary inquiry. The exchanges take conversational, di-
alectical mode with students guiding the discussion,
most of the time. From an interactional point of
view, teacher or students often followed-up the re-
sponse with engaging probe that required students
to justify reasoning or evidence.

In case of the class A, where the lesson takes
the usual 45 minutes and only 15 minutes in all
is given to all groups to present and explain their
findings, higher cognitive levels have remained, al-
though the exchange is more teacher-directed, thus
changing to some level of existing interactional and
communicational patterns. The time slot given to
each group was much more restricted by the teacher,
which raises the question how is then teacher able to
address all the groups’ misconceptions.

The teacher herself informs in her reflective
accounts that she was pleased with how the lessons
unfolded and that all students succeeded in resolv-
ing the assigned tasks. In her own view, each group
provided at least one way concerning how to con-
struct a triangle congruent to the given one. Some
groups managed to perform all the three basic con-
structions of a triangle (the three side solution, two
sides and the included angle solution and the two
angles and included side solution). In her accounts
she does not refer to the actual differences between
the classes as to how much time they were then giv-
en to explain own results.

During the next lesson an individual as-
sessment of all students was performed. The teacher
concluded that all of them mastered the three-sid-
ed solution, whilst two sides and the included an-
gle, as well as the two angles and included side so-

lutions were still problematic for six students with-
in the two classes. In the teacher’s experience, this
teaching unit has been a difficult one when done in
a formal way during which she usually explains each
of the four theorems. Only in the case of the two
angles and the non-included side solution, which is
not considered an intuitive solution per se, students
did not offer the solution during the observed lesson
but many were tempted to find it especially when at
the end of the lesson; the teacher did say that there
was one additional solution to the task which did
not appear during the students’ presentation. The
teacher perceived these succeeding attempts as the
direct effect of enhanced motivation and the process
during which students independently come up with
solutions to the given problems.

There were several specific notes on the ob-
served lessons the researchers received from the
teacher. A particularly positive one was the fact that
one group of students came up with a correct, but
unusual solution. They applied their knowledge
from last year and transferred the given symmet-
ric triangle in relation to an axis of symmetry. Thus,
they got a congruent triangle because, as the teach-
er noted, “it is known that the axisymmetric trian-
gles are congruent because they have all the same el-
ements.” The teacher perceived it as an exception-
ally creative solution. She also noted that students
would usually cut with scissors all the triangles they
constructed and then “measure” whether these are
the same or not. This was the first time they have
thought to overlap the triangles against the light on
the classroom window in order to check own solu-
tions.

The difficulty the teacher refers to relates to
the aspect of timing. She was aware that students
had insufficient time to come up with several so-
lutions to the given problems (Explore phase), and
that, at the same moment, little time was given to
analyse all the students’ ideas and answers (Explain
phase). However, she does not specifically tackle
why she has prolonged only the lesson of the class B
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and not of the class A, and whether the actual infor-
mation given to the students on how much time ex-
actly they have for each step of the process would re-
duce the stress exhibited by some students. The only
remark that was formulated concerning the Engage
part of the lesson. The teacher declared that in the
next attempts she will try to decrease time for this
part of the lesson, as well as to increase the Explore
section. Although the engaging portion of the lesson
(Engage phase) was used for the students to recall
some important aspects and procedures they need
to incorporate while finding the solution, she be-
lieves that students would encounter them even on
their own and this would even enhance the elicited
creative aspects of the inquiry process.

Discussion and conclusions

The focus of this study was on examining of
inquiry practices in mathematics through the obser-
vation of an experienced teacher in an urban school
setting. More particularly, we explored the amount
of time spent on various components of inquiry, the
order of presentation of these components, the stu-
dents’ discursive patterns behind it and the relation
to the cognitive students’ level while performing the
activities in the light of the instruction provided by
the teacher.

The analysis has shown that the teacher de-
votes very little time to non-instructional activities,
while no differences were found with respect to the
pre-inquiry portion of the lesson between the two
classes. Differences were found for the components
developing inquiry (more time in class A) and profi-
cient-exemplary inquiry activities (more time in the
class B). With respect to the particular Components
of Inquiry, no differences were found in the two
classes concerning the time allocated for the Engage
and Explore portions of the lesson. The largest dif-
ference between the two observed lessons was found
for the Explain phase of the lesson, 33% vs. 57% of
the lesson time devoted to the activity (minutes 15

vs. 34 minutes), for the benefit of the students of the
class B. At the same time, in both lessons less than
5% of the total lesson time was coded for cognitive
level 0, referring to classroom disruption, non-in-
structional portion of the lesson and/or administra-
tive activities. Sections of the lesson devoted to the
Engage part were consistently coded for lower levels
of cognitive codes, such as the recall and the remem-
ber information. During the Explore activities of the
lesson (i.e. students investigating a new idea or con-
cept), activities were consistently coded as higher
level order during which it was observed that stu-
dents were focused on problem solving, combining
and constructing new ideas. Higher cognitive levels
remained during the Explain phase as well.

Having in mind that among the goals of the
professional development training programme,
which all teachers in the school received, was to im-
prove the quantity and quality of inquiry-based in-
struction implemented in the school across various
subjects, the analysis showed that when instruc-
tional time included students’ explorations, these
were consistently associated to high Cognitive Level
thinking and learning. This finding was the same re-
gardless of the class involved. In both lessons there
were very little low Cognitive Level forms of learn-
ing.

Despite the differences we found in the length
of the Explain portion of the lesson, these seemed
not to affect the Cognitive Level of students, despite
this may have been expected. At the same time it
should be noted that we have dealt here with a case
study, while results of Marshal and Horton (2011)
which included a larger sample of observed lessons,
point exactly to that - a larger difference in the high-
er Cognitive Level skills such as verify, justify, devel-
op, and formulate when more time was devoted to
student exploration. However, what was noted even
by the teacher in his study was the notion that little
time was given for all of the phases and that when
only one third of the lesson is given for the Explain
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phase alone, this may decrease opportunities for all
the students’ misconceptions to be tackled.

The teacher also reports to be satisfied with
how the group work took place and the way students
within each group have taken responsibility for the
construction of knowledge. Even at the level of
wording used to describe this process in the Explain
phase, students would actually emphasise how they
have shared the activities. Thus, although the teach-
er was there to monitor the process and scaffold
the work when necessary, scaffolding was also vis-
ible at the peer-to-peer level. Again all these aspects
contributed to the exchange to take a conversation-
al, dialectical mode between students and students
and the teacher. In particular stages, students were
guiding the discussion most of the time, whereas the
teacher or another student often followed-up the re-
sponse with engaging probe that required student to
justify reasoning or evidence, which is very much in
line with the Cobb’s description of inquiry in math-
ematics ideal (Cobb & Yackel, 1998).

Despite the fact this was a qualitatively orient-
ed study, we may underline a consistent relationship
between the Order of Instruction that the teacher has
used and the Cognitive Level at which students were
engaged. When students were given an opportuni-
ty to explore the concepts prior to an explanation,
they thought about the content and concepts more
deeply. At the same time, they provided with a new
solution to the given problem which they probably
would not have reached if the lesson was organized
in a more formal way (e.g. congruency of axisym-
metric triangles, overlapping the triangles against
the light on the classroom window to check for con-
gruency). The teacher also informed that she was
pleased with the level of acquired knowledge after
the observed lessons. All these were in line with the
previous findings related to application of inquiry
based approach in teaching and its positive impact
on student achievement and motivation (GLEF
2001; Hmelo-Silver, Duncan & Chinn, 2007), and
development of creativity and independence of stu-

dents (Kithne, 1995). Thus if creativity and critical
thinking are the instructional goals, these results
propose that teachers should deliberately provide
opportunities for students to develop the ideas for
themselves.

From the perspective of the professional de-
velopment provided for the teachers it is important
for them to receive a quality instruction on how
to involve particular instructional moves in their
own teaching, and also to receive feedback on the
way they perceived the lesson did unfold (Oliveira,
2010). As per the teacher accounts in our case the
time component was seen as an important obsta-
cle in realising the lesson, while she also perceived
some students to be under stress regarding whether
they will complete the task on time. The teacher per-
ceived not having sufficient time within the 45 min-
utes slot to possibly tackle all the students’ miscon-
ceptions. One of the possible solutions offered for
the time constraint issue, as the teacher suggested,
is to decrease the engaging phase during the lesson.

However, as providers of professional devel-
opment courses, we also received an important mes-
sage when topic of time is included in the equation of
how to conduct a quality instruction founded in in-
quiry approach. For the teacher trainers this means
not only to train teachers on how to perform specific
instructional moves, but also how to perform these
within the time slots available to them, such as the 45
minutes lesson time. It is of equal importance to nur-
ture open space for discovery within the class at the
sheer level of establishing basic ground rules for ac-
tivities to be performed. This means that for each step
the teacher has planned to guide during the lesson
time constraints need to be known by the students
(e.g. you have 10 minutes to explore the prompts). In
this way clear flow is maintained while lessening the
stress students may experience due to the fact they do
not know how much time they still have for solving
the problems or exploring new solutions.

Our results are based on a limited sample that
is only a case study of an experienced mathematics

111



Jelena Radisi¢, Smiljana Josié

teacher in an urban elementary school with whom
the researchers had been working during the previ-
ous school year. The overall goal was to improve the
quantity and quality of the inquiry-based instruc-
tion being facilitated in the school through vari-
ous subjects. Thus, it is to be explored whether cur-
rent results hold true for other grade levels and sub-
ject areas, as well as the teachers who have not been
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VHCTUTYT 3a Iefjarouka MCTpaxnpama, beorpay, Cpbuja

Mcp. CmupaHa Jourmh

JHCTUTYT 3a Iefarouka MCTpaxnsama, beorpay, Cpbuja

I/ISaSOBI/I, NMpENpEKE M NCXOAV IPUMEHE CTPAKMBAYKOT IPUCTYIIA Yy
HacCcTaB! MaT€EMAaTHUKE 'y OCHOBHOj IITKO/IN — MIPUMEP UCKYCHOTI HACTAaBHIKA

Y mporekie iBe feneHuje BEIMKY 3Ha4Yaj IPUAT je IpaKcaMa IoydyaBarba Koje IIPOMOBUILY aKTUBHY
Y/ZIOTy y4YEHMKA y TIPOLECy y4uera, Te€ Pa3Bojy KPUTUYKOT U IMBEPT€HTHOT MUIL/bEIba Y HACTABHOM IIPOIIECY.
Vako je mcCTpa>KMBauKy IPUCTYII Yy HACTaBy NIOTEKAO M3 HACTaBe IPUPOJNHMX HayKa, TOKOM IIPETXO[HOT
IIepUofia YIMIbeHY Cy 3HAa4ajHU HAIloOpM fla My ce Hahe IpyuMeHa U y HacTaBM MaTeMaTnke. Y (OKyCy OBOT
pajia je MICIUTUBaIbe IPAKCH HACTAaBHMKA TOKOM IIPMMeHE MCTPaKMBa4yKoOT MPUCTYIIA Y HACTaB/ MaTeMaTHKe
y jefHOj OCHOBHOj IIKoMM. VicnmuTuBanyu cMoO Ja /M ce BpeMe IIPOBEIEHO TOKOM PaslIMYUTHUX KOpaka y
VICTPXMBAYKOM pafly (IpeAcTaB/beHNX Yy4eHMIMMA) M 00pacy JYCKypca TOKOM IIpOIieca MCTPAKMBamba
MOTYy JIOBECTM y Be3y ca KOTHMTMBHOM aKTMBAllMjOM yYeHMKAa Ha 4aCcOBMMa MaTeMaTHKe y IBa Ofie/berba y
KOj/Ma HacTaBHUIJA IIpefiaje, Te KaKO HACTABHUK OIa)ka COICTBEHY IIPAKCY Kafla IpUMelbyje 0Baj IPUCTYII
y pazy. 3a morpebe OBOT MCTpa’KMBamba CHYM/bEHA CY [Ba Yaca MaTeMaTHKe Y IBa Ofje/berba IIeCTOT paspefa.
HacraBHa jenunn1ia 6ua je ucra y 06a ogebema. [InaHom yaca npepsubeH je pag y rpynama, a MHCTPYKIIMjOM
ce TMOApa3yMeBajo [a y4eHUIM MpoHaby INTO BuIlle HayMHA [jla KOHCTPYMINY TPOYrao IpeMa 3a/jaTUM
IapaMeTpyMa, CBOjy KOHCTPYKIIM)Y yIIOpeZie ca OPUTMHATHUM TPOYIJIOM KOju €y fobumm y nuctuhy 3a pap,
¥ [la, Ha KPajy, CBaKa IpyIa IpefCTaBy CBOja pellema, y3 00pasIoxeme KaKo Cy M3BPIUMIN KOHCTPYKIN)Y
U JIOKa3amM TOAyAapHOCT Tpoyrnosa. Ob6a vaca aHanmmsupaHa cy momohy ,Electronic Quality of Inquiry
Protocol® (EQUIP), xpeupaHor ma mpaty KBaJuTeT M KBAaHTUTET MHCTPYKIMje 3a BpeMe MCTPaKMBAYKOT
paga. VIHCTpyMeHT Mepy IIecT [uMeH3Mja (aKTMBHOCTH, OpraHM3alujy, NaKiby YYeHUKA, KOTHUIY,
VHCTPYKLUjy ¥ TIPOLIEHY), a HAKOH II0CMaTpama je Moryhe ommcaty 4ac ca IpeKo [AeBeTHaeCT MHAMKATOpa
Koju ce pacriopel)yjy y 4eTupy KOHCTPYKTa — MHCTPYKIMja, AUCKYPC, IPOIleHa ¥ KypUKyrIyM. VIHAMKaTOpHN
TOK MHCTpyKUUje (KOTHUTUMBHM HUBO ¥ KOMIIOHEHTE MCTPaXMBAYKOI pajia) U AUCKYPC (KOMYHUKAIVIOHU
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obpaciy ¥ MHTepaKIyja Ha 4acy) KopuirheHnu cy 3a npaheme HanpeTka TOKOM dacoa. Kazia je peu o mozeny
IOy4YaBamwa y IPYMEHN MCTPKMBAYKOT pajia y HACTaByU, KopuiIheH je MO YeTUpy KOMIIOHEHTe: YK/bYIL,
UCTpaxu, objacHu u mpoumpu (engage, explore, explain i extend), ca pokycom Ha ipse Tpu KomnoHeHTe. OBaj
MOJie/I CafipXKaH je U Y IPUMEeHheHOM OIICEePBAaLVIOHOM IIPOTOKOJTY.

AHanusa je ykasasa ja HACTaBHUIIA IIOCBehyje N3y3eTHO Ma/lo BpeMeHa TOKOM Yaca aKTMBHOCTIIMA KOju
HeMajy Bese ca IloyJaBarmeM (Ha IpuMep, aiMUHICTpanyja), Te a je Hajsehu neo yaca nocsehen akTMBHOCTHMA
KOje IMPEKTHO YK/bY4yjy yYeHMKa Y IpOolLieC yuema. Y OJHOCY Ha pedepeHTHM OKBUP NPUMEEHNX KopaKa
TOKOM MCTPaKMBAYKOT pajia, HUCY npoHaheHe pasimyke usMehy ofie/bera y moriefly KOMIOHEHTH YK/bYYM U
ucrpaxu. Hajseha pasnmka yodeHa je TokoMm ¢ase yaca ob6jacuu. JIok je 33% yaca moceheHo 0BOj aKTMBHOCTH
Yy jelHOM ofie/bemby, 4ak 57% BpeMeHa mocseheHo je 1cToj y ;pyrom ozerberby. KoMnoneHTe ncTpaku 1 06jacHn
Cy KOHTMHYMPAHO OlielbMBaHe BMCOKO CIIpaM HMBOA OIlaKeHe KOTHUTMBHE aKTuBauuje. To 3HauM ga cy
YYEeHMIIM aKTUBHO MCTPa>KMBaIN CONICTBEHE UJieje U KOHLIEIITe U NPY>Ka/lu jacHa 0bjalllberba, yTeMe/beHa Ha
IpyMepuMa KaKo Cy Kao IpyIa TOLUIM 4o ofpelheHor pemera. AHamM3a KOMYHMKAIMjCKMX oOpasalia Ha 4acy
nojip>kaBa 0Baj Hajas. HacrapHuIla M3BelTaBa Jja je 3a/l0BO/bHA HAYMHOM Ha KOjy CY YYEHULM YI4eCTBOBA/IN
y 4acy, Kpeupasu 3ajeHMYKO pasyMeBalbe, ajIl ¥ CTeYEHMM 3HatbeM CIIPaM LiM/beBa CaMe HacTaBHe jeHMIIe
(moxynapHOCT TPOYI/IOBA).

Jla/ba aHamM3a pe3ynTaTa cTaB/beHa je y QyHKIM)y yHanpehema mporeca npodecrnoHa HOr ycaBpIlIaBamba
KpO3 Koje je HacTaBHMUIIA NIPOIIIIA 3ajefHO ca Ko/eraMa U3 LIKOJIe Y K0joj pajy, ¢ 0031poM Ha TO fia je OBaj
paj fieo jeTHOroAMIIIbEr Ipolieca 00yJaBama HACTABHUKA Y MCTOj IIKO/N, A KOje je crpoBoayo VIHCTuTyT 3a
nefaronka UCTpaKuBama 13 beorpajja. AHanmusa 1ojefMHMX IIpaKCK HAaCTaBHMKA, Kajla je KOHKPETHO ped
O NIPMMEHN UCTPAXMBAYKOL pajia y HACTABM, YKasasa je Ha MoTpeby yHampehemwa moMeHnyTor nmporpama 3a
HaCTaBHIKe Y IIOI7Iefly IJXOBOT Jja/beT 00y4yaBamba Kako Jia pyKoBOJie BpDeMEHOM Ha 4acy (OKBUP Off YeTpaeceT
¥ IIeT MMHYTA) ¥ oMoryhe KBa/IMTEeTHO OfIBUjalbe CBUX KOMIIOHEHTY MCTPAXMBAYKOT Pajia, a HAPOYNUTO OHOT
Jiena KOji ce OfHOCK Ha o0jalliberba yYeHNKa.

K/byblHe pequ: MaTeMaTHMKa, UCTPpaXKMBAYKN IIPUCTYII Y HACTaBY, HACTaBHUK.
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