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SMEC 14 MISSION STATEMENT

The SMEC Conference is an annual event designed to promote the continued development of a
professional community of mathematics and science educators across Lebanon and throughout
the region. Specifically, the conference aims to:

® Provide an intellectual and professional forum for teachers to exchange theoretical and
practical ideas regarding the teaching and learning of mathematics and science at the
elementary, intermediate, and secondary levels

¢ Provide a forum for teacher educators and researchers to share their findings with science
and mathematics teachers with a special emphasis on the practical classroom implications
of their findings

® Provide an opportunity for science and mathematics teachers to interact with high-caliber
science and mathematics education professionals from abroad

¢ (Contribute to the ongoing development of a professional culture of science and
mathematics teaching at the school level in Lebanon and in the region

e Raise awareness of science and mathematics teachers about the array of curriculum and
supplemental classroom materials available to them through publishers and local
distributors
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Part One
Plenary and Research Sessions

MATHEMATICS

Competencies in Mathematics and Mathematics Teachers’ Competencies
Mogens Allan Niss

Competencies in Mathematics and
Mathematics
Teachers’ Competencies

Mlogens Miss
IMETTEA [ HEM Eaoskilde Tniversity
Denmarl

SLIDE 1

I. Introduction

An initiating example
(modified from the PISA 2003 A ssessment
Frameworl, pp 64-66):

For health reasons people shouldlimit their efforts,
for instance dunng sports, in order notto exceeda
certain heartbeat frequency.

For wears the relati onship between a person’s
recommended mazimurm heatt rate and the person’s
age was described by the following formula:

SLIDE 2
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Recommended max heart rate =220 - age

Recent research shows that this formula should be
modified slightly The new formula 15 as follows:

Recommended max heart rate =208 - 0.7x age

A newspaper article stated ' A result of the new
formula instead of the old one is that the
recornmerided maximum number of heartheats per
minute for young people decreases slightly and for
old people it ncreases slightly’

Assess the claim made in the newspaper, (age 1s
measured in years)! NB! Not PISA’s question!

SLIDE 3

What does it take tno manage this task?

(1) Focusing on the kinds of mathematical 1ssues needed
to assess the newspaper’ s claim: We must specify —
model - the terms "young” and "old™ as well as
"decreases and increases slightly”.

(2) Transposing the task into posing a mathermatical
problem: Find a threshold age T, such that (2) agesx
for which 0 <x <T are called "young”, and agesx
for which x > T are called "old”, and (b} replacing
the old formula with the new one implies that the
recommended max heartbeat rate decreases for
0<x £Tand increasesforx 2T
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(3) Given the two formulae, the threshold age T 1s

defined tobe the uniquely determined common value
for which the two formulae yield the same
recommended max heartbeat rate.

Hence, finding T requires solving the equation
220-T=208-07T

Algebraic reduction shows that the solution x satisfies
12=03T,1e T =40 (years).

Further algebra (solving inequalities) shows that

220—x >208-07 x1f and only 1f x < 40 and that

220—x<208—- 07 xif and onlyifx > 40.

S0, by choosing the new formula the rec. max rate

decreases for people younger than 40 ("young”), and
increases for people over40 (" old”) (interpretation).

SLIDE 5

(4) The situation can be captured by a graphical

representation of the functions determined by thetwo
formulae:
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(5) The graphical representation gwves a visual indication
of the magnitude of the changes for "young”,
respectively "old” people. Are these changes”slight”?

To answer this question, let us determine the changes
{more algebra):

The exact decrease for”young” people is
220-x—-(208-07%)=12-03x (forx <40)

And the exact increase for " old” people i3
208 —0.7%— (220 x)=03x—12 (forx > 40)

Assume that realistic sports agesare (further
modelling): 10 € x £ 80 years

SLIDE 7

(6) Then the maximal decrease for young people is at
x=10,1¢e 12-0.3 x 10 =9, representing a maximal
relative decrease of 9/( 220-10), 1. e 4 3%, of the
recommended maximum heartbeat rate

(requires arithmetic)

The maximal ncrease for old people1sat £ =280, 1e.
0.3 x 80 = 12 = 12, representing a maximal relative
increase of 12/(220-80), 1.e, 8. 6%, of the
recommended maximum heartbeat rate

(requires arithmetic).

It 1s a physiological question whether this maximal
decrease/ increase can be considered ”slight” or not
(model mnterpretation)|
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(7) Satisfactory completion of the task requires oral or
written communication of the solution process, at
large and in detail, as well of the choices,
conclusions, reasoning and deliberations undertaken.
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Important observation:

* Thetask just solved did indeed involve mathematical
content (e.g. numbers, arithmetic, algebra, equations
and inequalities, functions, coordinate systems,
graphs), but the most important thing was the
decisions made, the actions taken and the processes
conducted|

+ Successfully dealing with mathematical tasks and
challenges requires much more than mathematical
subject matter kmowledge, the traditional way to
specify a curriculum and its demands!

* What then? We'll see!
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What’s the question?

Notions of mathematical ability have always
existed

(e.g. when assessing, testmg, hrmg, promoting
people)

mostly, notions are:
tacit / implicit, varying,
hence not subject to discussion or analysis
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Huge diversity
m the mathematics found at different (age and

grade) levels, in different curricula,
mstitutions, and education systems

m terms of content, methoeds, justification of
statements, tasks and activities for students,
historico-philosophical perspectives on
mathematics, etc.

On what grounds are we allowed to usethe
sam e label mathematics across all these
dimensions?

SLIDE 12




In some places and contexts, mathematical
ability can be, for mstance, to
= state facts, carry out rule-based procedures

» = solve pure mathematics problems

* = apply mathematics in extra-mathematical
situations

» = reproduce, explain or analyse proofs
» =present and explain a theoretical edifice

= (pro)pose mathematical conjectures or
questions

= pbtain new results
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So:

What does it mean for a person to be
mathematically competent?

* That’s the guestion!
which requires specification, especially as
regards different categories of persons, with
different ages and backgrounds, in different
environments and i different situations.

» From time to time scattered attempts to
characterise mathem atical ability
(e.g. IEA studies, PISA)

SLIDE 14
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Answering the question

« Beware of two opposite traps:

Trivial generality (circularity):
To be mathematically cornpetent means to know and
be able to do mathernatics

Endless atomisation (" can’t seethe forest for the
trees™ )
To be mathematically competent means to know
(state) masses of facts (concepts, terms, conventions,
rules, results) and to possess piles of skills (rnethods,
procedures, techniques).
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I1. International outlook

Various attempts to describe mathematics curriculain
particulat, and the teaching and learming of mathematics 1n
general, in terms other than content:

The case aof [ISA:

Include mathematical processes in addition to concepts and
topics (An Agenda for Action 1980, NCTM Sandards 1989,
2000, Adding it Up 2001)

For example (NCTM Standards, 1080)
Mathetnatics as Problem 8 olving
Mathematics as Cammuni cation
Mathematics as Rmsaning
Mathematica Connections
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For example (Adding It Up, 2001):

...Five interwoven and interdependent strands in the
development of proficiency in mathematics:

* Conceptual understanding
* Procedural fluency
* Strategic competence
(with regard to problem solving)
* Adaptive reasming
* Productive disposition

SLIDE 17

Alternative notion of content: Big (or deep) ideas:

Phenomenological content that lends itself to
mathematics,

For example Steen (ed. ) “"On the shoulders of
giants ”, 1990:

"dimension”, "quantity” , " uncertainty”, *shape”,
”space”, "change”, "relationship”™

Also in PISA: ("space and shape”, "change and
relationship”, " quantity”, "uncertainty”)
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II1. The genesis of the Danish
KOM project

* Intellectual challenge:

What is common to mathematics education across
levels, from K to university, and across topics?

How can we define and characterise levels of
achievemnent and progress in mathematical
learning?

How can we compare and analyse what happens in
different mathematics classrooms?

SLIDE 19

Practico-paolitical challenge:

How can we construct mathematics curricula in
ways that capture the essence of mathematics without

just listing concepts, topics and techniques?

How can we explain and counteract observed
difficulties in students’ transition between
educational levels?

How can we specify what it means tobe a gonod
mathematics teacher? More about this later!
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The overall strategy for answering these questions 1s
to first answer a more fundamental question;

What does if mean fo masier mathematics,
across educational Ievels, and across
meathemuotical topics?

Source of inspiration:
What does it mean to master a language?

SLIDE 21

Mastering a given language — or, equivalently,
possessing linguistic comp etence - means being able
to

(a) understand and interpret what other people say
and mean when they speak the language, in different
contexts, in different genres and styles

(b) understand and interpret what other people
express and mean when they write in the language,
in different contexts, in different genres and styles

SLIDE 22
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* (c) express meself in speech, in a comprehensible
manner, to different kinds of interlocutors, in
different contexts, in different genres and styles

» (d) express mesell in writing, in a comprehensible
manner, to different kinds of readership, in different
contexts, in different genres and styles

(a), (), (c) and (d) are the constituents of linguistic
competence. We may perceive (a) and (b) as s
"interpretive side” and (c) and (d) as its "constructive
side” Across all ages and contexts,

SLIDE 23

Inthe KOM project — KOM = Competencies and
Learning of Mathematics - we tried to do
something similar with mathematics.

Definition:

Possessing mathematical competence —1. e
mastering mathematics — 15 an indwidual’ s
capability and readiness to act appropriately, and
in a knowledge-based manner, in situations and
contexts in which mathematics actually plays or
potentially could play a role.

Requires, but cannot be reduced to, factual
know ledge and procedural skills
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19| Page

A mathematical competency 1s a distinct major
constituent in mathemnatical competence,

(Analogousto (a), (b), (c), and (d) as major
constituents in linguistic competence )

More specifically (definition):

A mathematical competency is an individual’s
capability and readinessto act appropriately, and in a
knowledge-based manner, in situations and contexts
nvolving a certain type of mathematical challenge.

SLIDE 25

IV. Outline of eight
mathematical competencies

The ability to ask and answer guestions in and with
mathematics:

Mathematical thinking competency —masteting
mathem ati cal modes of thought

[roots, scopes and limitations of concepts; abstraction
fconcepts), iewuﬁmﬁan {statements); characteristic
questions; characteristic answers]

Prohlem handling enmpetency — posing and solving
mathem ati cal problems

[detecting posing and specifing problems, pure or
applied open or closed. solving problems]
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20| Page

3. Modelling competency — being able to analyse and
build mathematical models
fandysing foundations and properties of models;
assessing models; carrying through the entire
modelling process]

4. Reasmning competency — being able to reason
mathematically
{foliowing and assessing others’ reasoning,; proofs —
and non-proafs, including “proaf archaeology
counter examples; from heuristics to formal proaf]

SLIDE 27

The ability to deal with mathematical langriage and toals

5. Representation competency — being able to handle different
representations of mathematical entities

[decading interpreting, distingisking and wtilising different
hipes of representations; relations and transiations between
representalionsf

@i. Symbolsand formalism comp etency — being able to handle
symbolic language and formal mathematical systems

fen- arnd decoding and marmipulating symbolic expressions;
wnderstanding the nature of formal mathematical systems and

waorking with(in) them]
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7. Communication competency — being able to
communicate in, with and about mathematics

[mterpreting written, oral and visual mathematical
"texis V; expressing oneself on mathematical matters |

8. Aids and tonls competency — bemng able to make use
of and relate to the aids and tools of mathematics

{existence and properties (nciuding opportunities
and limitations) of aids and tools; reflectively using
them]

SLIDE 29

The competencies

» are closely related, yet distinct

* havea dual nature (interpretive >< constructive)
* comprise intuition and creativity

+ are specific tn mathematics

+ overarching across educaticnal levels and topic areas

SLIDE 30
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The competency flower
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In addition to the competencies:

Owerview and judgement regarding
mathematics as a discipline:

Focus on mathematics as a whole, not on
mathematical situations

* The actual application of mathematics in other
subjects and practice areas

+ The historical development of mathematics,
internally and externally

* The nature of mathematics as a discipline

SLIDE 32
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V. Relations between

competencies and subject matter

A given competency can (only) be
- developed
and

- exercised

in dealing with mathematical subject matter

Competencies and mathematical topic areas are

orthogonalto one another

SLIDE 33
Thinking |Problem Tools and
handling aids
Topic 1
Topic2
Topic 1 x
comp. |
Topicn
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What 15 the (potential) use of all this in mathematics
education?

* normatively
- designing curricula and teaching-learning activities
- monitoring coherence and progression

* descriptively
- including comparison of curricula and teaching

- including 1dentification of causes of transition
problems

« metacognitive suppuort for teachers and students

SLIDE 35

V1. Mathematics teacher
competencies
Classically:

Mathematics teacher (education) =
Mathematics x

(o general pedagogy + P psychology +
y mathematics teaching methodology),

where one or more of ¢, 2 or y may be O

SLIDE 36
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Shulm an (1986) deals with subjects in general
and focuses on “the missing paradigm’:

Content knowledge, also known as subject
matter knowledge (SMK)

Pedagogical content knowledge (PCK), also
deals with content

Curricular knowlegde (CK)

SLIDE 37

Ball & Bass (2000, 2003) have pointed out that PCK
cannot capture essential mathematical insights that are
necessary for successfully teaching mathematics to
real students. More 15 needed. They propose

Mathematical Knowledge for Teaching (MKT ) as
answers to the questions:

* What mathematical know legde 15 entailed by the
work of teaching mathematics?

* Where and how 1s mathematical knowledge used in
teaching mathematics? (2003,p. 5)
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The KOM pruoject has a different approach to the
question:

What does it mean to be a good mathematics teacher?

A good muihematics teacker is one who can
effectively foster the development of
mathematical competencies with her/his
studenty

Obwiously, this requires that the teacher possessesthe
mathematical competencies her/himself

Mauoreover: Didactical and pedagogical competencies
with specific regard to mathematics!:

SLIDE 39

* Curriculum competency
To analyse, relate to, and implement eixisting
mathematics curricula and syllabi, and to construct
(elements of) new ones

* Teaching competency

To devise, plan, organise, orchestrate and carry out
mathematics teaching, ncluding creating a rich
spectrum of teaching/learning situations; find, judge,
select, and create teaching matenals; inspire and
motivate students; discuss curricula and justify
teaching/learning actities with students

SLIDE 40
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* Uncovering of learning competency

To uncover, interpret and analyse students’ learning
of mathematics, as well as their notions, beliefs and
attitudes tow ards mathematics. Includes identifying
development with the individual student.

Assessment competency

To identify, assess, charaterise and communicate
students’ learning outcomes and competencies, so as
to informn and assistthe individual shudents, and other
relevant parties Includes selecting, modifying,
constructing, critically analysing, and implementing a
varied set of assessment forms and instruments to
serve different formative and summative purposes

SLIDE 41

Collaboration competency

To collaborate with different sorts of colleagues in
and outside mathematics, as well as others (parents,
authorities) concerning mathematics teaching and its
conditions.

Professional development competency

To develop one’s own competency as a mathematics
teacher (a meta-competency) including participate in
and relate to activities of professional development,
such as in-service courses, projects, conferences;
reflect upon one’s own teaching and needs for
development; keep oneself up-dated about new
developments and trends in research and practice
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This approach differsfrom the othersby

+ Being competency oriented rather than just knowledge
oriented

+ Shulman’s SMK  Mathematical competencies

+ Shulman’s CK = Curriculum competency

Ball etal ’s MKT

Mathematical competencies x (Teaching comp etency v
Uncovering of learning caompetency)

Contaning a number of further components

SLIDE 43

Perhaps the most important question here 13
How to educate teachers so as to obtain and develop

* Mathematical competencies

* Pedagnogical and didactic competencies in
mathematics?

No "one-size-fits all® answer exists

However, if the issue is not on the agenda of pre-
service and in-service teacher education, no
answer is going to exist!
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VII. Closing remarks

Mathematical competencies are not a2 miraculous
cure against all problems.

A fair amount of research has been carried out
which provides underpinning of competencies and
their role in the practice of and research on
mathematics education.

Much maore research and development is needed.

SLIDE 45

It is demanding for both teachers, researchers
and policy makers to get to fully understand,
appreciate and utilise a competency based
approach to mathematics education.

As to teachers, in-service activities will be an
important vehicle for professional
development.
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However

Competency based approaches to
mathem atics education do provide a
powerful tool for designing, organising,
assessing, understanding and analysing
mathem atics teaching and learning at all
levels.

SLIDE 47

Thank you very much for your attention

©
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Problem Solving at the Middle School Level: A Comparison of Different Strategies
Juhaina Musharrafieh and Naim Rouadi

Abstract

This presentation shed light and reflected on how students in grades seven and eight might
think when solving a story problem. Problem solving experiences help in adding up to the child’s
mathematical knowledge and promote a higher level of critical thinking abilities. Students who
are provided with opportunities to communicate verbally and through writing and listening will
review dual benefit of communication to learn mathematics and learning to communicate
mathematically. Seventh and eighth grade students were selected from two private schools, one
in Mount Lebanon and the second is in the North. Both schools were of the same socio-economic
status and forty students were chosen from each school. They all participated regardless of their
school grades or their English proficiency. The results show that students tend to use the guess
and check, or a diagram in order to facilitate the comprehension of the problem and to translate it
into an equation or to find the answer. This study was a spontaneous one which needs to be
modified and studied in more detail and professionalism. Problem solving has been and still is
the basis for learning mathematics. This can be considered as a reflection of what our students
think and do once they encounter a story problem. Thus, this can shed some light on the
importance of such researches in the field of mathematics teaching.

Description of Session

The main purpose of this session was to make participants aware of the various strategies
students in the seventh or eighth grade might think about when solving a story problem.
Participants took on the role of the learner and tried to solve the story problem either by drawing
or by writing about the problem or writing an equation. They were also allowed to verify their
strategy. The session was planned as follows:

(a) Brief introduction of the importance of solving story problems at the middle school level.
(b) Participants were asked to solve two story problems then talk about the solution briefly.
(c) Some findings about the use of different strategies in two problem situations were presented.

Mathematics educators have been called to teach mathematics through problem solving
(National Council of Teachers of Mathematics [NCTM], 1989, 2000). As stated in Principles and
Standards for School Mathematics (NCTM, 2000): “Solving problems is not only a goal of
learning mathematics but also a major means of doing so. By learning problem solving in
mathematics, students should acquire ways of thinking, habits of persistence and curiosity, and
confidence in unfamiliar situations...” (p. 52). Thus, problem solving experiences help in adding
up to the child’s mathematical knowledge and promote a higher level of critical thinking
abilities. Problem solving has been viewed from varying perspectives such as means — end
analyses (e.g. Newell and Simon, 1972), text processing (e.g. Kintsch, 1994a) and schema theory
(e.g. 1995). Moreover, students who are provided with opportunities to communicate verbally
and through writing and listening will review dual benefit of communication to learn
mathematics and learning to communicate mathematically.
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Background

Mathematical problem solving relies on the interaction of bottom-up and top-down
knowledge structures beginning with the first reading of the problem (Pape, 2004). It is based on
the knowledge of language, mathematical terminology, and the ability to visualize the problem in
a drawn format which is the concrete representation of the problem. Evidence indicates that
children’s errors are frequently based upon the miscomprehension of the word problem
(Cummins et al., 1998). This miscomprehension results from several possibilities including:
language learners (Mestre, 1988), inadequate reading strategies, insufficient conceptual or
procedural mathematical knowledge (Mayer, 1992) or the inability to coordinate knowledge
structures necessary to solve the problem (Pape, 2004). The accurate representation and solution
of mathematical word problems depend on two sets of knowledge structures, linguistic
knowledge and symbolic/mathematical knowledge. To be successful, the problem solver must
function between these two types of knowledge structures (Pape, 2004).

Method
Sample

Seventh and eighth grade students were selected from two private schools, one in Mount
Lebanon and the second is in the North. Both schools were of the same socio-economic status
and forty students were chosen from each school. They all participated regardless of their school
grades or their English proficiency.

Instruments

Students were asked to solve two story problems using any strategy they found suitable.
Then, they communicated their answers through text writing, drawn schema, an equation,
guessing and checking, or working backwards. The two story problems are presented below:

Problem 1
The students in Mrs. Koenig’s class are in three groups working in teams.
® 20% are in group A;
4 students are in room B; and
¢ the remaining students, 1, are in the front of room C and the other 10 students are at the
back of the room.
How many students are in Mrs. Koenig’s class?

Problem 2

Seven middle schools are in the town of Newtonville. Each school has a different number of
students.

School A has 3 fewer students than school B;

School B has 3 fewer students than school C;

School C has 3 fewer students than school D;

School D has 3 fewer students than school E;

School E has 3 fewer students than school F;
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School F has 3 fewer students than school G;
If 2037 students attend Newtonville middle schools, how many students are in the school with
the smallest number of students?

Procedure

The two story problems were distributed to students and the allocated time was 30
minutes. Different problem solving behaviors were detected. Each solution was coded as correct
if the student recorded an appropriate numerical answer. Next, the solution paths that a student
followed to reach an answer were examined and analyzed in detail to determine the type of error.
We coded two broad categories of errors:

1- Reading related errors and this is due to language proficiency level, and the student’s
inability to translate into a mathematical equation.

2- Mathematics errors which relates to misunderstanding of mathematical relationships or
arithmetic operations.

We would like to note that these same findings were detected in a study done by Stephen
J. Pape (2004).

Data Analysis
This presentation was considered as the preliminary step for a further study in which data

will be analyzed and interpreted, and its results and implications can be used as a guide in
teaching problem solving. The collected data can be summarized in a table.

Frequency of Problem Solving Strategy
. Writing
Diagram Work . . Guess
List backward Equation logical check Other
reasons

Problem 1
(Percentage) 15 3 9 18 21 14
Problem 2
(Schools) 2 6 15 10 22 18
Total 17 9 24 28 43 32
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Number of Right and Wrong Answers
Right Wrong No answer
Problem 1
(Percentage) 33 35 12
Problem 2
(Schools) 15 >4 1
Percentage of Right and Wrong Answers
Right Wrong

Problem 1 412 % 449
(Percentage)
Problem 2
(Schools) 19% 68%

The results were not acceptable and this was due to a couple of factors: comprehension
level and English proficiency. This theoretical description supports an understanding that success
in solving word problems depends upon actively transforming the elements of the problem into a
mental model (Mayer, 1992), and then representing the problem and integrating all of its
elements into a conceptual whole. Comprehension of the text in any domain is a dynamic
transaction that requires decoding the language, activating appropriate schemas or word
knowledge to support comprehension and filtering incoming information through existing
knowledge structures (Ehri, 1995; Rosenblat, 1994). Students tend to use the guess and check, or
a diagram in order to facilitate the comprehension of the problem and to translate it into an
equation or to find the answer.

This study was a spontaneous one that needs to be modified and studied in more detail
and professionalism. However, problem solving has been and still is the basis for learning
mathematics. This study can be considered as a reflection of what our students think and do once
they encounter a story problem. Thus, this can shed some light on the importance of such
researches in the field of mathematics teaching.
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“Today, mathematics education faces two
major challenges: raising the floor by
expanding achievement for all, and lifting
the ceiling of achievement to better prepare

future leaders in mathematics, as well as in

science, engineering, and technology.”

- American Educational Research Association (2006, p.3)-
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Introduction

« Mathematics educators have been

called to teach mathematics through

problem solving (National Council of
Teachers of Mathematics [NCTM],

1989, 2000).

SLIDE 5

As stated in Principles and
Standards for School

Mathematics (NCTM, 2000):

“Solving problems is not only a

goal of learning mathematics but

also a major means of doing so.”

SLIDE 6
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By learning problem solving in

mathematics, students should acquire
ways of thinking, habits of
persistence and curiosity, and
confidence in unfamiliar

situations...” (p. 52).
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Thus, problem solving experiences
help n adding up to the child’s

mathematical knowledge and

promote a higher level of critical

thinking abilities.
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Problem solving has been viewed

from varying perspectives such as

means — end analyses (¢.g. Newell
and Simon, 1972), text processing
(e.g. Kintsch, 1994a) and schema

theory (e.g. 1995).
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* Moreover, students who are provided
with opportunities to communicate
verbally and through writing and
listening will review dual benefit of

communication to learn mathematics

and learning to communicate

mathematically:.

SLIDE 10
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Session’s Purpose

The main purpose of this session is
to make participants aware of the
various strategies students in the
seventh or eighth grade might think

about in solving a story problem.

SLIDE 11

Session’s Purpose
Participants will take on the role of
the learner and try to solve the story

problem either by drawing or by

writing about the problem or writing

an equation.
They will be allowed to verify their

strategy.
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Problem 1

The students in Mrs. Koenig’s class are
in three groups working in teams.

e 20% are in group A;
e 4 students are in room B: and

e The remaining students, 12 are in
the front of room C and the other 10
students are at the back of the room.

How many students are in Mrs.
Koenig’s class?

SLIDE 13

Problem 1
Class A: 20%

Class B: 4 students
Class C: 10 students + ¥: ( = 10 students)
Classes A+ B+ C=100%
Classes B+ C=80%
= 4 students + 10 students +
10 students
= 24 students

80% —-—--—----) 24 students
100% —-----) X
x = ( 100 x 24) / 80 = 30 students in total

SLIDE 14
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schoolc =, LTODlem 2
School F=x~3

SchoolE=x-6

School D =x-9

SchoolC=x-12

SchoolB =x - 15

School A=x-18

Total= 2, 037 students

X = 300 students

School with the smallest number = 300 - 18

= 282 students
SLIDE 16



| efrain Related to I\-Iathematicsm

= “TUgh, we're gomg to have to solve the

story problems and write about them,

too??? I'm not good at domng story
problems and I hate the writing part!™
This refram was heard from several
students n mathematics classes

throughout the school year !'!!
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Background

Mathematical problem solving relies
on the interaction of bottom-up and

top-down knowledge structures

beginning with the first reading of

the problem (Pape, 2004).

SLIDE 18
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Background
* [tis based on the knowledge of

language, mathematical

termuinology, and the ability of
visualizing the problem in a drawn
format which is the concrete

representation of the problem.

SLIDE 19

Backeround

Evidence indicates that children’s
errors are frequently based upon

the miscomprehension of the

word problem (Cummuns et al.,

1998)

SLIDE 20
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Background

This miscomprehension results from
several possibilities inchuding: language

learners (Mestre, 1988), inadequate

reading strategies, msufficient conceptual

or procedural mathematical knowledge
(Mayer, 1992) and inability to coordinate
knowledge structures necessary to solve

the problem (Pape, 2004).
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Background

The accurate representation and
solution of mathematical word

problems depend on two sets of
knowledge structures, linguistic

knowledge and

symbolic/mathematical knowledge.
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Background

To be successful, the problem
solver most function between
these two types of knowledge

structures (Pape, 2004).
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Sample

Seventh and eighth grade students were

selected from two private schools, one in
Mount Lebanon and the second is m the

North.

Both schools are of the same socio-
economic status, forty students from each
school.

They all participated regardless of their
school grades or their English proficiency.
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Sample

Both schools are of the same socio-
economic status, forty students from each
school.

They all participated regardless of their

school grades or their English proficiency:.

SLIDE 25

Material
Students were asked to solve two story
problems using any strategy they find
suitable.

TllE}" can communicate then answer

through text writing, drawn schema, an

equation, guessing and checking, or

workmng backwards.
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Procedure

The two story problems were

distributed to students and the

allocated time was 30 minutes.
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Procedure

Ditferent problem solving
behaviors were detected. Each
solution was coded as correct if

the student recorded an

approprate numerical answer.
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Procedure

= Next, the solution paths that a student

has followed to reach an answer were
examined and analyzed in detail to

determine the type of error.

SLIDE 29

Procedure

* We coded two broad categories of errors:

1.Reading related errors and this is due to

language proficiency level, and the

student’s mability to translate into a

mathematical equation.

SLIDE 30
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Procedure

2. Mathematics errors relates to

misunderstanding of mathematical

relationships or arithmetic

operations.
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Procedure

» We would like to note that these

same findings were detected in a

study done by Stephen J. Pape

(2004).

SLIDE 32
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Data Analysis

» This presentationis considered
as the preliminary step for a
further study in which data will

be analyzed and interpreted.
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Data Analysis

» [ts results and implications can be

used as a guide 1n teaching

problem solving but the collected

data can be summanzed in a

table.

SLIDE 34
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- Frequency of Problem Solving Strategy

Problem1

[Percentaze}

Problem 2
[5ehaals)

EN v > x 2 o =
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Data Analysis

Number of Right and Wrong Answers

Problem 1

(Percentage)

15
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Problem 1

Data Analysis

Percentage of Right and Wrong Answers

(Percentage)

Problem 2
(Schools)
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Success 1n solving word problems

depends upon actively transforming

the elements of the problem into a

”mental model (Mayer, 1992).
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54| Page

* Then representing the problem

and integrating all of its
elements into a conceptual

whole.

SLIDE 39

* Comprehension of the text in any domain

is a dynamic transaction that requires:

a) decoding the language,

b) activating appropriate schemas or word

knowledge to support comprehension and

filtering incoming information through

existing knowledge structures (Ehri, 1995;
Rosenblat, 1994).
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e Students tend to use the guess and

check, or a diagram in order to
facilitate the comprehension of the
problem and to translate it into an

equation or to find the answer.
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* This was a spontaneous work that
needs to be modified and studied

in more detail and

professionalism.

SLIDE 42
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* However problem solving has

been and still is the basis for

learning mathematics.

SLIDE 43

* This can be considered as a

reflection of what our students

think and do once they encounter

a story problem.

SLIDE 44
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* Thus, this can shed some light on

the importance of such researches
in the field of mathematics

teaching.

SLIDE 45

i . . . 2 .

Recent editions of popular
mathematics textbooks recommend
that teachers use a multitude of

strategies to help students approach

problem solving in a flexible manner.

(Griffin & Jitendra, 2008).

SLIDE 46

57| Page



58| Page

They include general strategies

mstruction (GSI) based on Polya’s

four-step problem solving model.
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* This model includes the following

stages:
a) Understand the problem,

b) Devise a plan,

) Carry out the plan,

d) Look back and reflect.
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A growing body of evidence suggests

that strategy instruction in

mathematics is a powerful approach

to helping students learn and retain
not only basic facts but also higher
order skills like problem solving

(Griffin & Jitendra, 2008).
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o Effective instruction fosters the
development of a variety of

strategies.

* It also supports students’ gradual

shift to the use of more efficient

retrieval and reasoning strategies

. (Siegler, 2005).
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Research has shown that language

skills are positively related to

problem solving performance.

SLIDE 51

e Students’ success increases when

activities include:

a) Reading and understanding the

problem,

b) Expressing the problem with

his/her own words making the

given-asked analysis,

SLIDE 52



6l|Page

c) Expressing the problem with

figures or schemas,

d) Guessing the ways or solutions of

a problem, and

d) Setting up a new problem by

using the given data.

SLIDE 53

Linda Limond i her article “A
Reading Strategy Approach to
Mathematical Problem Solving”

(Spring 2012) has found that the
use of vocabulary strategies and

graphic organizers as the most
effective means of developing
¥ mathematical comprehension.
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* Graphic organizers allow

students to create visual
representations while
comparing characteristics of

concepts.
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Zollman’s (2009) diamond
technique that was based on

the four square writing
method has been

recommended to be used in

problem solving.

SLIDE 56
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It aids short term memory

when students are working on

a story problem.

They no longer have to keep a
mental record of information

once it’s written on the

organizer.
SLIDE 57

Main Idea
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Hence, if students are encouraged to
understand and meaningfully
represent mathematical word
problems rather than translate the
elements of the problem into

corresponding mathematical
operations, they may more
successfully solve these problems
and better comprehend the
mathematical concepts embedded
within them.

SLIDE 59

And since middle school is an
important period during which
students learn significant

mathematics, mathematical thinking,

and strategic behavior, they influence

subsequent learning in important

ways.
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Future research needs to continue to
examine problem solving behavior

and instructional practices that hold

promise for changing the ways in

which students approach the domain
of mathematics and learning within

this domain.

SLIDE 61

In this changing world, those who
understand and can do mathematics will
have significantly enhanced opportunities
and options for shaping their futures.
Mathematical competence opens doors to
productive futures. A lack of
mathematical competence keeps those

doors closed... All students should have
the opportunity and the support necessary
o learn significant mathematics with
depth and understanding. There is no
conflict between equity and excellence.

- NCTM (2000), p. 50 -
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Students’ Knowledge and Pre-service and In-service Lebanese Public School Teachers’
Pedagogical Content Knowledge (PCK) of Absolute Value Concept
Samar Tfaili

Abstract

The aim of this research will be to investigate the in-service and pre-service teachers’
pedagogical content knowledge related to the absolute value concept with regard to students’
obstacles concerning this concept. The first part of the study will explore students’ understanding
of the absolute value and try to find out the major obstacles in mastering this concept as well as
the reasons behind these obstacles. Data will be collected through an absolute value assessment
designed by the researcher and validated by three experts. It will be administered to about 400
grade 11 students in around 20 public high schools in Nabatieh and South Lebanon regions in
addition to 10 pre-service teachers in their last year at the university. The second part of the
research will consist of interviews with the math teachers of the students in question. The
interviews will aim to reveal teachers’ abilities to identify students’ obstacles, explain their
causes, and propose instructional strategies to deal with them. Finally, the research will examine
whether there is a relationship between the identification, causal attribution, and proposed
instructional strategies of absolute value.

Introduction

As a math teacher, I have noticed that students have difficulties in understanding the
concept of absolute value. Some informal interviews with secondary math teachers led to the
same conclusion: “Students have difficulties in solving problems with absolute value and we
don’t know why”. A quick review of some of the teachers’ guides reveals what is commonly
known about the absolute value. In the Hachette teacher’s guide for grade 7, it was mentioned
that all teachers have noted that students face difficulties when dealing with the absolute value
notion. Similarly, in the Magnard series for grade 8, the teacher’s guide mentioned “...we go
slowly to paragraph III on absolute value because absolute value always distresses students”.
Unfortunately, although the difficulty of this concept is recognized, no advice is given to
overcome it.

Alain Douroux (1983) noted that the experiences of secondary school teachers suggest
that the absolute value is the “béte noire” in the manipulation of symbols and computations. One
of the indices of difficulty is the collapse of the success rate in an exercise with absolute value,
compared to a similar exercise without absolute value. Many other writers (e.g. Atherton, 1971;
Parish 1992) have noted that secondary math teachers complain about their students’ deficiency
when working with absolute value problems. In their study, Kaur and Sharon (1994) assessed
their first year college students’ knowledge of concepts as x| and found out that they lack a good
grasp of the mathematical meaning of IxI.

In their research, Chiarugi, Francassina and Furinghetti (1990) were convinced that the
notion of absolute value “while does not present difficulties when used on numbers, originates
errors and misconceptions when used on letters”. According to them, the difficulty starts with the
definition that contains a logical operation (if....then) while students are used to interpret and/or
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statements. They also assume that students cannot manipulate symbols since their use “has little
or no meaning” for them (Booker, 1987). They focus their attention on the algebraic domain
because the arithmetic domain doesn’t show any problem. They mentioned that “in passing from
the arithmetic to the algebraic domain, students will face difficulties.” At the end of their
research they recommended “further developments in the direction of analyzing more in details
remedies in teaching. Cognitive science may be of good help.”

Arcidiacono (1983) in his report sees the problem of solving absolute value very difficult
because students have to analyze it by breaking it down into cases. He suggests that a visual
approach will illustrate and facilitate the breakdown of the problem into cases. According to
experimentation, he found that a graphic approach was “very helpful in the classroom.” Parish
(1992) states that the introduction of the concept of absolute value the way it is normally
approached causes complications for many students. He suggests an approach different to the
one teachers are used to and found in textbooks. This approach “involves considerations of the
function concept as the graph generated by associated ordered pairs of real numbers rather than
functional values as obtained from the standard definition of absolute value.” According to him,
“once the students are comfortable with such a pictorial approach”, the teacher can introduce the
usual abstract form of the definition of the absolute value.

The second part of the definition of the absolute value function ( Ixl = -x if x<0 ) is
another source of considerable confusion as Sink (1979) stated in his paper. He says that students
are used to thinking that the absolute value of a quantity is equal to a nonnegative quantity. So,
saying that Ix| = x if x > 0 passes without questioning and the majority of students do not take
into consideration the condition x > 0. That’s why when they are told that x| = - x if x <0, it
contradicts the fact that the absolute value is non-negative. According to him, “we are only
fooling ourselves if we believe that the average student does any more than read the condition x
< 0 or even understands its significance”. He further stated that that here is “where the teaching
begins” because one reason of our weakness is that we see the problem “through the eyes of
many years of experience” while the student is seeing it for the first time (p. 193). He refers to
the solution of this conflict as what he calls the “art of teaching”.

Some pedagogical and teaching strategies have been suggested to overcome the
difficulties in the understanding the absolute value concept. Parish (1992) suggests considering
the function concept as the graph generated by associated ordered pairs of real numbers. Also,
Arcidiacono (1983) suggests that a visual approach will illustrate and facilitate the breakdown of
the problem into cases. Furthermore, Ahuja (1976) suggests considering absolute value in terms
of distance, making the definition of absolute value for real numbers x and y as | x-y |. Finally,
according to Fennema and Franke (1992), to be able to present a topic using multiple
representations, teachers must be equipped with all the components of a mathematics teacher’s
knowledge: 1) Knowledge of mathematics; 2) Knowledge of mathematical representations; 3)
Knowledge of students (students’ cognitions); and 4) Knowledge of teaching and decision
making.
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Theoretical Background

In analyzing students’ work, I will refer to the notion of obstacle as defined by Duroux
which is “knowledge that acts in a certain way on a set of situations and for certain values of the
variables of these situations. It is knowledge that produces special mistakes that can be observed
and analyzed”. Duroux (1983) hypothesized that the persistent errors about the absolute value
are caused by “concept-obstacles”. This concept of epistemological obstacle was discussed and
analyzed by Brousseau (1983). He stated that teachers play an important role in the teaching-
learning process by creating a “milieu” that helps students to adapt their learning to new
situations. Errors, according to him, are not symbol of ignorance, uncertainty, or chance, but a
consequence of previous knowledge which was true and applicable in previous situations but has
turned out to be inapplicable or wrong in new situations.

In analyzing teachers’ interviews, I will refer to pedagogical content knowledge (PCK) as
defined by Shulman (1986) as: 1) knowledge of subject matter; 2) understanding of students’
conceptions of the subject; 3) teaching strategies; 4) curriculum knowledge; 5) knowledge of
educational contexts; and 6) knowledge of the purposes of education.

With this background in mind, this research will aim to answer the following questions:

1. What is secondary students’ knowledge of absolute value?

2. What pedagogical content knowledge of the misconceptions of absolute value is held
by first secondary teachers?

3. To what degree do teachers seem to possess the knowledge to explain the causes of
student’s misconceptions of absolute value?

4. What are the instructional strategies proposed by mathematics teachers for dealing
with students’ misconceptions of the absolute value concept?

5. Is there a relationship between the identification, causal attribution, and proposed
instructional strategies of absolute value misconceptions?

Method
Participants

Around 500 students from 20 public schools in the region of Nabatieh and South
Lebanon will participate in this study. The schools will be chosen randomly, and one grade 11
class will be chosen randomly from each school. The students of the chosen classes will perform
the absolute value test. Teachers of the chosen classes will also be interviewed (they will be
around 20 teachers). The sample of pre-service teachers will be chosen from the students of
Secondary School Teachers Diploma- on the condition that they do not have any teaching
experience- at the faculty of education at the Lebanese university. The highest 10 achievers and
the lowest 10 achievers will be chosen.

Instruments

This research study will involve several methods to evaluate content and pedagogical
knowledge of the teachers and learners in the study. In order to diagnose students’ content
knowledge of the absolute value and identify their obstacles to learning absolute value, they will
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be administered a diagnostic test which was reviewed and validated by three experts. Teacher
interviews will also be used to investigate their PCK in terms of identifying the problems that
their learners might have with the absolute value concept and the causes of those problems as
well as suggestions on how to address these misconceptions. The items of the interview will be
developed from the students’ responses on the diagnostic test

The diagnostic test will be evaluated based on the following obstacles:
» Numerical framework:
- Didactical obstacles (related to the contract)
- Obstacle of mirror answer
- Obstacle related to order
» Algebraic framework:
- -aor—x are negative.
- lax+bl=c has one solution because it is an equation of the first degree; students
refer to it as a linear equation.
- Letter without sign is positive.
- la+bl=lal+ Ibl.

- Studying the sign of x instead of the sign of the algebraic expression inside the
absolute value.

- Individuating the domain and the image of a function.
» Geometric framework: representation of absolute value on the graduated line.

» Functional framework: Ifl is two functions f and —f defined on the same domain of Ifl.
Results
At this stage of the study, no final results are available.
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Elementary Students’ Knowledge and Teachers’ Pedagogical Content Knowledge of 2D
Representations of 3D Geometric Objects
Sanaa Shehayeb

Abstract

In this research, we aim to investigate the knowledge of students and pedagogical content
knowledge of in-service and pre-service elementary teachers of 2D representations of 3D
geometric objects. The first part of the study will explore students’ knowledge. Data will be
collected through a test designed by the researcher and validated by three experts. The test
includes four tasks to diagnose the students’ content knowledge about 2D representation of 3D
geometric objects. It will be administered on an individual basis through interviews to 84
elementary students from grades 4, 5 and 6 of three public and three private schools in the Aley
region in Lebanon. The second part of the study will consist of interviews with the math teachers
of the students under study in addition to 10 pre-service teachers in their last year at the
university. The interviews should reveal teachers’ abilities to identify students’ misconceptions,
explain their causes, and propose instructional strategies to deal with them. The research will
also compare the pre-service and in-service teachers’ abilities to identify, explain the cause and
propose instructional strategies. Finally, the research will examine whether there is a relationship
between the identification, causal attribution, and proposal of instructional strategies of 2D
representations of 3D objects.

Introduction

The National Council of Teachers of Mathematics (NCTM, 2000) has advocated an
increased emphasis on the teaching and learning of geometry at all levels. NCTM (2000)
standards associate geometry with spatial sense considering it a fundamental component of
mathematics learning. According to the national council of teachers of mathematics, geometry
and spatial sense offer ways to interpret and reflect on our physical environment and can serve
as tools for the study of other topics in mathematics and science. However, little time is
reserved for teaching geometry in schools especially in primary schools; most of the time it is
taught at the end of the year (Jirotkova & Littler, 2007).
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When three-dimensional shapes are dealt with in primary schools, the teachers generally
concentrate on terminology rather than concept building processes (Jirotkova, 2007). Moreover,
3D shapes are represented in plane representations in school textbooks, which makes it more
difficult for students to distinguish between 2D shapes and 3D shapes. The representation of 3D
in 2D is the ability to visualize the three dimensional objects in 2D and the ability to recognize
and construct nets which is directly related to combining and analysis of visual images (Christou
& Pittalis, 2010).

Content knowledge of the subject matter is not sufficient for teaching: what is needed is
pedagogical knowledge, and the blend of knowledge content and pedagogy (Chinnappan &
Lawson, 2005; Silverman & Thompson, 2008). This mathematical teachers’ professional
knowledge is referred to as pedagogical content knowledge (PCK). Jones (2000) substantiates
the important role that elementary teachers play to make students understand the varied uses of
geometry in everyday life and appreciate its cultural context. They lead students to grasp
geometric concepts. However, previous research claims that there is a difficulty in good teaching
of geometry in primary school (Dorier et.al, 2003). PCK, as defined by Ball and Bass (2002) is a
unique kind of knowledge that intertwines content with aspects of teaching and learning. It
requires the teachers, unlike mathematicians, to unpack knowledge and decompress ideas. It also
requires connectedness across mathematical domains and across time (Ball & Bass, 2002). This
type of knowledge cannot be obtained from subject content knowledge or from the curriculum
but from practice. According to Ball (2000), PCK integrates reasoning and knowing with action.

Theoretical Background

The purpose of this research will be to study the students’ content knowledge and
elementary teacher’s PCK of 2D representations of 3D geometrical figures and their connections
with spatial ability. The Van hiele levels of reasoning in 3D geometry (visualization, analysis,
informal deduction, deduction and rigor), in addition to Bruners’ three modes of representation
(enactive, iconic and symbolic) will be the basis of this research for knowledge of students.

The teachers’ pedagogical content knowledge will be based on Shulman’s recommendations for
the knowledge of teachers. Shulman (1987) outlines three categories of subject matter
knowledge that a teacher of mathematics should possess; content knowledge (CK), PCK, and
curriculum knowledge.

With this background in mind, this research will aim to answer the following questions:

1. What is elementary students’ knowledge of 2D representations of 3D geometrical
objects?

2. What is the extent to which elementary teachers can identify elementary students’
misconceptions in 2D representations of 3D geometrical objects? How do pre-service and
in-service elementary teachers compare?

3. What is the extent to which elementary teachers can explain the causes of elementary
students’ misconceptions in 2D representations of 3D geometrical objects? How do pre-
service and in-service elementary teachers compare?

4. What is the extent to which elementary teachers can propose teaching strategies to deal
with elementary students’ misconceptions in 2D representations of 3D geometrical
objects? How do pre-service and in-service elementary teachers compare?
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5. Is there a relationship between teachers’ ability to identify, explain the cause and propose
effective teaching strategies to deal with elementary students’ misconceptions in 2D
representations of 3D geometrical objects?

Method

The participants will be 84 students from six schools in Aley, Mount Lebanon which will
be chosen from four private schools and three public schools, representing different
socioeconomic backgrounds. Four students from each of the elementary grades 4, 5 and 6 will be
selected. Also, ten teachers of the chosen classes will be interviewed in addition to ten pre-
service teachers in their last year in the Lebanese university from the faculty of education.

The research will involve several methods to evaluate students’ knowledge and teachers’
PCK of the representation of 3D geometrical objects in 2D. In order to diagnose students’
content knowledge, they will be administered a diagnostic test through an interview. This test
will consist of four tasks as illustrated in the following table:

Ability Description of the task

1. Identification of cuboids.
2. Identification of cylinders.
3. Identification of pyramids.

Recognition of 3D shapes from
A solids, pictures, drawings or
nets.

Classification of the properties
of 3D shapes from solids,
pictures, drawings or nets.

1. Properties of cuboids.
2. Properties of cylinders.

B 3. Properties of pyramids.
Enumerating the vertices/faces/edges of 3D
shapes.
Comparison of 3D properties 1. Properties of cuboids.
from solids, pictures, drawings [ 2. Properties of cylinders.
C or nets. 3. Properties of pyramids.
Construction of 3D shapes from | 1. Construction of cuboids.
D nets. 2. Construction of cylinders.

3. Construction of pyramids.

The four abilities are associated with van Hiele levels 1, 2A, 2B and 3 as identified by
Pegg (1995):

Level 1: Figures are identified according to their overall appearance.

Level 2A: Figures are identified in terms of a single property.

Level 2B: Figures are identified in terms of properties which are seen as independent of
one another.

Level 3: Relationships between previously identified properties of a figure are established
as well as relationships between the figures themselves.
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On the other hand and in each task, three modes of representation are tested which are:
photos of solid figures, drawings of solid figures and nets of solid figures. These three modes
are, in turn, associated with Bruner’s three stages: Enactive, Iconic and Symbolic. In the
Enactive stage, knowledge is stored primarily in the form of motor responses. In the Iconic stage,
knowledge is stored primarily in the form of visual images. Finally, in the Symbolic stage,
knowledge is stored primarily as words, mathematical symbols, or in other symbol systems.

Teacher interviews will also be conducted with the aim of investigating the PCK of pre-
service and in-service elementary math teachers in terms of identifying the misconceptions that
their learners might have with 2D representations of 3D geometrical objects as well as the causes
of these misconceptions and suggestions of teaching strategies as to how to address these
misconceptions. The items of the interview will be developed based on the students’ responses
on the diagnostic test.

Results
At this stage of the study no final results are available.
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SCIENCE

Process Oriented Guided Inquiry Learning (POGIL) in Foundation Chemistry: A Progress
Report
Sheila Qureshi and Phyllis Grifarrd

Abstract

POGIL has been successfully implemented in a variety of higher education institutes in
the USA. However, this is the first time it has been instigated in Qatar where high schools are
generally traditional and teacher-centered. While they come to our university with some
experience with problem solving, they have little experience with conceptual fundamentals in
chemistry, such as bonding and representations. In this study we compared student performance
on the same assessment over two years, the latter in which POGIL was used to teach 8 topics.
Although the class of 17 students came with similar academic records, their achievement was
greater in the POGIL year. A survey to assess student perception of their learning reveals mixed
preferences.

The POGIL technique presents a manageable transition from traditional lecture to more
active student engagement and a methodology to move from sole focus of content to
consideration of learner self-development. The POGIL workshops and published
materials provide a foundation to enable instructors to more confidently shift their
teaching practices. (Geiger, 2010)
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Introduction

The purpose of this session was to introduce the POGIL (Process Orientated Guided
Inquiry Learning, Moog 2008) approach and to report on the outcomes of an action research
project in which POGIL was introduced in Foundation Chemistry at our medical college in
Qatar. Students come to our program with some experience with problem solving; however, they
have little experience with conceptual fundamentals in chemistry, such as bonding and
representations. The POGIL approach was chosen over others because it does not have to be
implemented as a predominant teaching style but as it suits the topic, instructor and students.
POGIL was chosen above PBL (Problem-Based Learning) and PLTL (Peer-Led Team Learning)
as it was an easier transition with the materials readily available and no restructuring of the
course or curriculum required. POGIL utilizes small group work, which helps to break down
several cultural barriers in our institutional setting. The instructor’s qualitative assessment is that
the students in the POGIL year became comfortable working together in mixed groups much
earlier than they had in previous years.

Process Oriented Guided Inquiry Learning (POGIL)

POGIL is a student-centered strategy where students work in small groups of maximum
3-4 students. Students are assigned specific roles such as manager, presenter, recorder, reflector
or technician to ensure that students are fully committed in the team and engaged in the learning
process. For example, the manager ensures that no student is left behind and that all the students
understand the concepts they are learning. Roles are rotated throughout the course. The instructor
explains the process and gives them the list of roles and what is required of that position.

POGIL activities focus on core concepts and encourage a deep understanding of the
course material while developing higher-order thinking skills. POGIL develops process skills
such as critical thinking, problem solving and communication through cooperation and
reflection, helping students become lifelong learners and preparing them to become effective
students and future doctors.

POGIL is a strategy where students take charge of their own learning in a classroom
setting instead of lectures. Some POGIL activities need some introductory lectures while some
are stand-alone and build on their high school content.

All the activities supply the students with information or data followed by leading
questions designed to guide them towards forming their own valid conclusions are structured
questions requiring students to build up key concepts. Some of the activities like the one on
equilibrium require the students to analyze data to develop a much deeper understanding then
they would normally in a lecture style class. At the end of the POGIL activities there are typical
exercises that students would find in their chemistry textbook, this encourages students to use
their textbooks more often than relying on lecture slides.

The instructor serves as a facilitator, observing and intervening when necessary.

What makes POGIL different?
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¢ POGIL materials are designed for use with self-managed teams that interact with the
instructor as a facilitator of learning rather than as a source of information.

¢ POGIL materials guide students through an exploration to construct understanding.

¢ POGIL materials use discipline content to facilitate the development of higher-level
thinking skills and the ability to learn and apply knowledge in new contexts.

Our Study

Was the approach effective? In this study we compared student performance on the same
assessment over two years, the latter in which POGIL was used to teach more than half of the
course topics. Although the class of 17 students came with similar academic records, their
achievement was greater in the POGIL year. A survey to assess student perceptions of their
learning reveals mixed preferences, and some suggestion from their responses are that they are
unaware of how much they are learning, and more than half still prefer the lecture style. Both
outcomes are similar to that reported in other institutions (Geiger, 2010; Rajan & Marcus 2009).
The instructor expressed anxiety about relinquishing traditional teaching obligations and about
potential reluctance by students to engage in POGIL. Overall this experience was very similar to
other POGIL practitioners in that students show a definite improvement but students show some
resistance. Students may perceive themselves to be forced into participation. However, the value
of a POGIL approach was noted by our course director from Cornell University in New York,
who observed that the “POGIL exercise of the concept of weak and strong acids and the factors
that control such behavior (X-H bond strength, and H partial charge)....is rigorous and I think
the students really got the concept and exercised it in depth through small group
collaboration...It looks like this will be a very successful experiment in getting students engaged
in learning core concepts.”

Objectives of the Session

1. Give participants a chance to experience learning with a POGIL session by role-playing
in an actual chemistry lesson.
2. Share our experience and learning outcomes based on formative and summative

assessments.

3. Share feedback provided by a student survey of their perceptions of their learning gains
using POGIL.

4. Comparison of the POGIL approach to other student-centered approaches developed for
chemistry

5. Description of why a student-centered approach is needed in our education setting
Materials
1. A prepared POGIL lesson (handouts, writing materials) that would be meaningful for
even non-chemists at the session and doable in the time allotted (e.g. limiting reagents)

2. POGIL documents that explain the pedagogy behind the design
3. Video clip of students learning chemistry through POGIL
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Description of the Session

After introducing POGIL briefly (5 mins), the participants were asked to form groups of
three to four members in which they role-played a POGIL lesson on equilibrium (15 mins). The
activity “Limiting reagents number 30 page 174, used was from Moog and Farrel’s, Chemistry:
A guided inquiry (5"ed) New York: John Wiley and Sons. Not all the members of the audience
were chemists. Therefore, the activity used in the presentation was about the limiting ingredient
in a cookie recipe, which most people can relate to without knowing any chemistry. Following
feedback from participants about their experiences (5 mins), the outcome of the students in our
educational setting was shared using a power point presentation and a 2-minute clip of our
students in Qatar engaged in the POGIL lesson. Handouts were distributed at the end of the
session resources distributed (5 mins).

Description of Roles

Almost all of the class time in this course is spent working in groups of four. The
membership of the groups will change at various times as the semester progresses. However,
every day, every member of the group is assigned a role. Here are some roles that are commonly
used:

Manager Manages the group. Ensures that members are fulfilling their roles, that the
assigned tasks are being accomplished on time, and that all members of the
group participate in activities and understand the concepts. Your instructor will
respond to questions from the manager only (who should raise his or her hand
to be recognized).

Presenter Presents oral reports to the class. These reports should be as concise as
possible; the instructor will normally set a time limit.

Recorder Records the names and roles of the group members at the beginning of each
day. Records the important aspects of group discussions, observations, insight
...etc The recorder's report is a log of the important concepts that the group has
learned.

Reflector Observes and comments on group dynamics and behavior with respect to the
learning process. These observations should be made to the group on a regular
basis (roughly 20 or 30 minutes between reports) in an effort to constantly
improve group performance. The reflector will report to the group (and may be
asked report to the entire class) about strengths of the group in terms of how it
operates, and also about what needs improvement - and how these can be
achieved.

Technician Performs all technical operations for the group, including the use of a
calculator or computer. Unless otherwise instructed, only the technician in
each group may operate equipment such as this.

Note: Not all roles will be assigned on any given day. It is up to the Manager to
assign any additional roles as needed.
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The “Limiting Reagents” Handout

hemisfry: AGuwided [ngu
ey

ChemActivity 30
Limiting Reagent

(How Much Can You Bake?)
Modal 1: The 5'mora.

A delicious treat known ns a Smore is constructed with the following ingredients
and afmeoumts;

1 graham cracker

1 chocolate bar

2 marshmallows

Al n particular store, these items can be obtained only In full boxes, each of which

containg one gross of ibems. A gross iz a specific number of items, analogous (bal not
equal) to one dozen, The boxes of items have the following net welghts {the wedght of
the material ingide the box):

boot of grabam crackers 8.0 pourds

box of chocolate bars 300 pounds
box of marshmalbowves 3.0 pounds

Critical Thinking Questions

1. Ifyou have & collection of 100 graham crackers, how many chocolate bars and how
many marsbamallows do yow need 1o make S'mores with sli of the graham crackers?

2 If yeu have A collection of Iﬂﬂnmhammﬁm.ﬂ:{lﬂclmn]mhum,m 1000
marshemallowa: i

a)  How many S'mores can vou make?

b)  What (if anything) will be left over, and how many of that item will thers
be?

BS. -'-*'l.aﬂj and T T Ferrd |
iME,MJ Yﬁ'l"k.' sk l't'ul E'(-‘:IM.*L
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Chemactivity 30 Limiting Raagent 175

Information

Chemists refer to the reactant which limits the amount of product that can be made
from a given collection of original reagents as the limiting reagent or limiting reactant.

Critical Thinking Questions

3. Identify the limiting reagent for CT0 2,

4. Based on the information given, which of the thres ingredients (2 graham crackes, a
chocolate bar, or o marshallow):

aj weighs the most?
b} weighs the leasi?

Explain your reasoming.

5. If you have 36.0 pounds of graham crackers, 36.0 pounds of chocolate bars, and
36,0 pounds of marshmallaws:

a)  which item do you have the maost of 7
bl  which item do you have the least of?

Explain your rensoning.

6. a) i you atempt to make S'mores from the matedal described in CTQ 3, what
will be the limiting reagent?

b} How many gross of $'mores can you make?
€}  How many gross of each of the two lefiover lems will you have?
d}  How many pounds of each of the leftover items will vou have?

¢)  How many pounds of Smores will vou have?
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ChemActivity 30 Limiting Reagest 177

Exercises

Given the balanced chemical reaction;
2NOg) + Ox(g) —= 2 MNOz(g)

calculate the mass of nitrogen dioxide that can be made from 2000 grams of MO and
30,0 grams of O,

Zine, Zn, and iodine, [y, react to form zine(Il) iodide, Zoly (the reactams and the
product are all solids af rosm temperatee).

a)  Wrte o balanced chemical resction for this
by Suppasc that 50.0 g of zine and 500 g of iodine are wsed to form zine(II)
indide.
1}  Assuming that the reaction goes to completion, which element will
be tetally consumed in the formation of the zin{II) jodide?

2} What is the limiting reagent?
3} How mamy grams of 2ine{Il) fodide can be produced?
4} How many grams of the excess element remain unreacted T

Acetylene gas, HCCH, is commonly used in high femperature torches.

a}  Write a chemical equation for the reaction of scetylene with hydrogen gas
{Hz) to form ethane (CoHgh

b}  How many grams of ethane can be produced froem a mixture of 30.3 grams
of HOCH and 4. 14 grams of Ha?

Titanium (T} is a strong, lightweight metal that is uwsed in the construction of
rockets, jet engines, and bicycles. It can be prepared by reacting TiCly with Mg
metal at very high temperatures. The procucts are Tifsh and MpCla,

a}  Provide a balanced chemical resction for the reaction described nbove.
by How many grams of Ti metal can be produced from a resction involving
3.54 » 10% g of Tilly and 6.53 » 107 g of Mg?
The first sbep in the manufaciuring process of phosphorous is the reaction below:
2 Cas(POylais] + 6 8i0a(s) —= & CafiDyis) + PaDaolg)

The MW of Cag(POyl(s) is 310.2 gimole and the MW of Si05(s) is 60,1 g'mole. If
20.0 g of Caz(Plyois) and 200 g of 05} are reacted, how many grams af
PaOppig) can be produced?

How many grams of Nz (28.01 g/male) can be obtmined by reacting 24.5 g of NHy
(17.03 gimole) with 30.8 g of Oz (MW = 32.00 g/male)?

4 MNHa(gh+ 3 Oppg) — 2 Malg) + 6 HpO08)
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@

Chamfctivity 30 Limiting Feageant

Using G as the symbol for grhom ceacker, Ch fos chocolate bar
Symb ) ] . and M fo
marshmallow, write o *balsnced chemical reaction® for the production of S mares, )

U""ﬂ mﬂlﬂlb" correct I_',.I'lg ish SCnlEnces, X h
FIEI'I'A' ¥ EE AL md coreect o sdnbe
that If wa slart with 38 munﬂst&th LJEG. Ch and we end up 1
. H. then should P ith L

Given the "balanced chemical renction® for the production of S'monss 3

! From 7
caloulate the mass of S'mores that can be made from 416 pounds of chc:::“hn: I:l{i::,
142 pounds of graham crackers, and 5§.2 pounds of marshmallows,

The PowerPoint Presentation
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Please rank teaching and learning styles according to your perception for
student information retention

Learning Pyramid ‘
Tc:aching & learning style:

* Demonstration
* Teach others
Audiovisual
Lecture

Reading

Practice by doing
Discussion
5%

* = B ® ®

SLIDE 2

Learning Pyramid

Students
Receive
information
Students
Apply their

Practice doing Learning

Y
Source: Mational Training Lat ies, Bachel, Maine.
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AFTER TW0O WEEKS WE

TEND
TO REMEMEER ...
10% of what we read READING
20% of what we hear HEARING WORDE
SOV CE ket s aee /' LOOKING AT PICTURES '\ PASSIVE
WATCHING A MOVIEVIDEOTAFPE
""""" LOOKING AT AN EXHIEIT
B olfohet vom gl ad )
hear WATCHING & DEMONSTEATION

SEEING IT DOME ON LOCATION

0% of what we PURTICIPATING IN A DISCUSSION
ey GIVING A TALK

QO of DOING 4 DEAMATIC PRESENTATION
wa-futgidl B
say and
do

DOING THE REAL THING

Adapted from: Edgar Dale Audio Visual Methods in Teaching, Holt Rinshart and Winston.

SLIDE 4

Summative assessment

+ Fall final exam 2010 66.7%

+ Fall final exam 2011 72.2%

*  Spring mid-term 2011 72.3%

*  Spring mid-term 2012 76.7%

+  Overall assessment 2010 74.5%
*  QOverall assessment 2011 75.6

+ Selected questions Integrated question
« 2010 6.8/10

« 2011 7.2/10

* Intermolecular bonding question

« 20100.9/3

« 2011 1.41/3

SLIDE 5
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* How comfortable is the instructor
where there is non-traditional teaching?

* Can POGILs be used for all the topics?

* The next slide is a video of the WCMC-Q
students engaged in a POGIL session.

SLIDE 6

SLIDE 7
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In end of year evaluations, students
mentioned the following regarding
strengths of the chemistry class

The POGIL

The activities distributed during class
also, the divisions into groups and
solving activities within groups
Group work is completely useful
Group work while doing the POGIL

SLIDE 8

In end of year evaluations, students mentioned the
following regarding

What changes and/or improvements would you
recommend

More lecturing. Less working with clueless groups.
| would love to see more lectures and homework
from the textbook.

Maore individual work rather than group work after
giving a lecture on the activity.

Have more lectures instead of solving POGILs
during the class. This is because some of the
students feel they are behind and a brief
explanation from the instructor would be helpful.

More lectures

SLIDE 9




Results of POGIL survey

SLIDE 10

In the POGIL survey, students made the
following comments

| am a visual learner, it would be really helpful if we had more
lectures in class than solving POGILs. However, those POGILs
were helpful in the last topics. | loved the book more when |
started reading.

More lectures.

More practice and lecture.

Getting more lectures that invalve teaching us before solving any
worksheets,

Classroom demonstrations and discuszsion helps in the overall
understanding of the topic.

| think if more videos and lectures (slides) are provided, more
understanding of the material is set.
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In the POGIL survey, students made the
following comments (continued)

More practice

On tougher questions that usually show up on exams, more homework that
require individual problem solving. Practice more, which | am willing to
do this course, and watch my time as | need more time during tests.

To have extra exercise with a difficult level of guestions and to practice
them gradually. To check every concept and have some meeting with
the professor.

| need more explanation in class and more to practice. | feel happy but
being confident of all the things to be learned in class is very important
to me. Thiz class is full of learning and fun especially the labs.

Provide countless sample sheets to practice questions for each topic we
cover im the semester in order to practice and answer the questions in
the nick of time. Also with the increased level of difficulty of the
guestions.

Understanding the questions clearly. | understand the material but often
get confused or unsure of the queston.

MNothing but more practice!

SLIDE 12

How much did each activity help student learning?

Luarning Aty

SLIDE 13
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How students rated their confidence in
understanding different tasks
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How students rated their confidence in
understanding different tasks
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Cross Year Comparison of Exam results
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Questions asked during the presentation

Question 1: Doesn’t it take longer to teach this way in class?

Answer I: Yes initially it takes longer because the instructor is making sure the student does it
properly according to the roles designated. The slow step is when the presenter from each group
is verbally giving feedback of the tasks or records the results on the board. The other groups can
then find anomalies in each other’s work. The presenter of the session highlights the dilemmas of
going slower and sacrificing material or reverting to lectures. The presenter referred to Rick
Moog and he agreed it was time consuming and the instructor going around the students could
resolve this by highlighting wrong answers/discussions at the time they occurred rather than all
the groups presenting. The activities have exercises and problems at the end of the POGIL
sessions, which can be completed as homework.

Question 2: are there resources for high schools?

Answer 2: Please refer to the POGIL website where all the resources are listed or email them and
they would be happy to advise or help.

Question 3: Do they do POGIL for other subjects?
Answer 3: Yes
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Grade 7 Physics Students’ Attitudes towards the Use of the QOMO Interactive Whiteboard
and Its Effect on their Academic Achievement

Tarek Daoud

Abstract

One emerging aspect of integrating technology in classrooms is the “interactive
whiteboard”. Interactive whiteboards are recognized by teachers and students as a positive tool to
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the learning teaching environment (DiGregorio & Sobel-Lojeski, 2010; Glover & Miller, 2001;
Gregory, 2010; Hall & Higgins, 2005; Kennewell, 2001; Kennewell, 2004; Saltan & Arslan,
2009; Smith et al., 2005; Wall el al., 2005). The present study aimed to investigate grade 7
physics students’ attitudes towards the use of the QOMO Interactive Whiteboard in addition to
the effect of the QOMO Interactive Whiteboard on their achievement. Participants in this study
were 68 grade 7 students (ages 11 -12 years) enrolled in a UNRWA boys school in the Saida
area. The results of the study showed that the QOMO Interactive Whiteboard served as a useful
tool in science classrooms. In addition, the use of the QOMO Interactive Whiteboard in physics
grade 7 in contrast to traditional type of teaching did affect students' achievement.

Introduction and Literature Review

The Impact of Interactive Whiteboards on the Teaching-Learning Process

One emerging aspect of integrating technology in classrooms is the interactive
whiteboard. Interactive whiteboards are recognized by teachers and students as a positive tool to
the learning teaching environment (DiGregorio & Sobel-Lojeski, 2010; Glover & Miller, 2001;
Gregory, 2010; Hall & Higgins, 2005; Kennewell, 2001; Kennewell, 2004; Saltan & Arslan,
2009; Smith et al., 2005; Wall el al., 2005). In general, integrating technology in education
creates a motivating classroom environment which then leads to the improvement of learning
and teaching processes (Wishart & Blease, 1999). Technology provides opportunities for
teachers to meet the needs of students with various learning styles (Bryant & Hunton, 2000).

Students have positive attitudes towards the use of the interactive whiteboard in their
classrooms (Mathews-Aydinli & Elaziz, 2010; Slay et al., 2008). Mathews-Aydinli, and Elaziz,
(2010) explored the attitudes of students toward the use of interactive whiteboards in a foreign
language teaching and learning context. Data was collected through questionnaires distributed to
458 students. Results revealed that students had positive attitudes toward the use of interactive
whiteboards in language instruction. Saly et al. (2008) reported a case study of three South
African government schools that had undertaken pilot roll-outs of interactive whiteboards. These
researchers highlighted students’ enthusiasm regarding the use of the interactive whiteboard in
their classrooms. Similarly, the results of Wall et al.’s (2005) study which was conducted to
investigate the effect of the use of the interactive whiteboard on the teaching and learning of year
six students (ages 10 and 11) showed that students held positive views. Students also mentioned
that the interactive whiteboard assisted the teacher in explaining concepts.

Positive attitudes towards the use of interactive whiteboards are due to the fact that the
latter enhances students’ motivation (Cuthell, 2006; DiGregorio & Sobel-Lojeski, 2010; Levy,
2002; Wall, Higgins & Smith, 2005) and has an obvious impact on students’ behavior and
expectations (Cuthell, 2006). Moreover, interactive whiteboards change the classroom
environment to a more interactive one (Wall, et al. 2005) since it urges teachers to shift away
from traditional ways of teaching (Cuthell, 2004; Saltan & Arslan, 2009). Such a shift in
teaching strategies is accommodated with a pedagogical shift (DiGregorio & Sobel-Lojeski,
2010; Gillen et al., 2007). Teachers can easily present knowledge as problematic, open to
multiple interpretations, which as a result leads to conversations that allow the class to create or
negotiate understandings of subject matter. Furthermore, interactive whiteboards are flexible in
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comparison with traditional blackboards as they show data presentations and allow subject
content to be supported with multi-visual tools such as pictures and movies.

Finally, interactive whiteboards affects students’ academic achievement positively (Swan
et al., 2008) by promoting higher order thinking and shifting students’ focus from remembering
the content to gaining a deeper understanding of the concepts being taught (Kent, 2006).
Hennessy et al. (2007) claim that “the strength of the IWB lies in its support for shared
cognition, especially articulation, collective evaluation and reworking of pupils’ own ideas, and
co-construction of new knowledge” (p.289). Swan et al. (2008) investigated whether the use of
interactive whiteboards in English language arts and mathematics lessons improved student
achievement in those areas by measuring student scores on state achievement tests. Results
showed slightly higher performance among students in the interactive whiteboard group, with
students in the fourth and fifth grades exhibiting the greatest advantage for interactive
whiteboard instruction.

The QOMO Interactive Whiteboard

The QOMO Interactive Whiteboard is a hardware that looks like a standard whiteboard
but is connected to a computer and a projector. When connected, the QOMO Interactive
Whiteboard becomes a giant, touch sensitive version of the computer screen leading to a very
powerful classroom educational tool. Instead of using the mouse, teachers and students can
control the used computer through the Interactive Whiteboard screen just by touching it with
their fingers. Special pens are also provided in case the user is more familiar with them.
Anything that can be accessed through the computer can also be accessed and displayed on the
Interactive Whiteboard, for example Word documents, PowerPoint presentations, photographs,
websites or online materials. Through the QOMO Interactive Whiteboard, teachers and students
can write, erase, and perform mouse functions with their fingers. They can also write directly
over MS word documents, PDFs, MS power points, websites and videos. In addition, the QOMO
Interactive Whiteboard can provide teachers with the ability to interact with images by changing
their size, color and arrangement and by providing them with mathematical tools. Work can be
captured, recorded and sent by email. The QOMO software can even be downloaded on personal
computers and thus provides teachers with the ability to prepare their lessons, quizzes and
activities at home. Moreover, students can review their lessons at home. These features offer
more interactive experiences for both teachers and students compared to a standard whiteboard
or a data projector. Finally, the QOMO Interactive Whiteboard is an easy tool to use. It is a ‘one-
stop-shop’ that includes all teaching resources that can be accessed by touching the screen.

Rationale and Significance of the Study

The present study aimed to investigate grade 7 physics students’ attitudes towards the use
of the QOMO Interactive Whiteboard in addition to its effect on students’ achievement. The
study was guided by the following research questions:

(1) What are students’ attitudes towards the use of the QOMO Interactive Whiteboard?

(2) Does the use of the QOMO Interactive White Board enhance students’ achievement

in grade 7 physics?
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Despite the promising theoretical work regarding the use of interactive whiteboards, there
is limited research regarding this brand of interactive whiteboards. Moreover, there is very
limited research on the effect of using interactive whiteboards in grade 7 physics classrooms.
This study may help to provide empirical support for the theoretical arguments about the use of
interactive whiteboards in teaching in general and particularly in sciences. Moreover, it may
offer recommendations for improving the use of the QOMO Interactive Whiteboard.

Method
Participants

Participants in this study were 68 grade 7 (ages 11 -12 years) enrolled in an UNRWA
boys school in the Saida area where the language of science instruction is English. Two sections
out of the total four sections were randomly chosen. One of the sections was randomly assigned
to be the experimental group while the other one was randomly selected as the comparison
group. There were 35 students in the experimental group and 33 students in the control group.

The two groups covered the same subject matter and shared the same academic
objectives. In the experimental group session, the teacher used the QOMO Interactive
Whiteboard while in the control group sessions the teacher used traditional methods of teaching.
The teacher who implemented the intervention was trained to use the QOMO Interactive
Whiteboard and was provided with lesson plans for each of the lessons designed for the purposes
of this study. The same teacher taught the experimental and the control group.

Instruments

Instruments used in this study included the IWB Students Attitudes Scoring
Questionnaire (Appendix 1), and the Physics Evaluation Sheet (Appendix II). These instruments
are described below.

IWB Students Attitudes Scoring Questionnaire. Students' attitudes towards the
QOMO Interactive Whiteboard were measured by using the IWB Students Attitudes Scoring
Questionnaire. This scale consisted of 12 items in the form of positive statements. Participants
responded to these statements on a five-point Likert scale (5 = strongly agree and 1 = strongly
disagree). This scale was administered to only to the experimental group students after the
intervention period. The analysis showed a reliability (Alpha coefficient) of .91 which is
considered highly reliable.

Physics Evaluation Sheet. An instrument for assessing student achievement in grade 7
physics was developed for the purpose of this study. This achievement test was designed to
identify students’ conceptions about gaseous state characteristics. The test was composed of five
parts and was given to both the experimental group and control group.

Data Analysis

Data was analyzed based on the two research questions. In order to answer the first
research question “What are students’ attitudes towards the use of the QOMO Interactive
Whiteboard?”, students’ responses on the IWB Students Attitudes Scoring Questionnaire were
analyzed comparing the means and percentages for each item. To answer the second question
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“Does the use of the QOMO Interactive White Board enhance students’ achievement at grade 7
physics?”, a t-test was used to test the existence of differences between the scores of the physics
evaluation sheet in the control group and experimental group.

Results

To identify participants’ perceptions regarding the use and usefulness of the QOMO
Interactive Whiteboard (the first research question), data from students’ responses on the IWB
Students Attitudes Scoring Questionnaire of the experimental group was used. Table 1 and Table
2 respectively show the results of the mean for each item out of a maximum score of five and the
percentage analysis of the students' responses to the IWB Students Attitudes Scoring
Questionnaire.

Students’ responses to the first item of the IWB Students Attitudes Scoring Questionnaire
(I'like going out to the front to use the whiteboard) showed that the mean was 4.69. In addition,
91.5 % of students responded that they like to use the QOMO Interactive Whiteboard in their
classrooms in comparison to 2.9 % who dislike and 5.7 % who were undecided.

The second item which explores if it is easier for students to understand the work when
the teacher uses the QOMO Interactive Whiteboard (M = 4.69) shows that 97.1% of the students
agreed while 2.9% disagreed. In addition, 94.3% of the students’ insisted that the QOMO
Interactive Whiteboard makes learning more interesting and exciting (M = 4.71) in comparison
to 2.9% who opposed. Moreover, only 40.0% of the students think that their peers behave better
during the sessions of the QOMO Interactive Whiteboard (M = 3.00) in comparison to 37.1% of
the students who do not think that and 22.9% who were undecided.

Ninety seven percent (97.1%) of the students claimed that using the QOMO Interactive
Whiteboard makes the teacher’s drawing and diagrams easier to see (M= 4.77). In opposition
only 2.9% of the students were against. Likewise, 91.4% of the students preferred lessons which
are taught with QOMO Interactive Whiteboard (M = 4.51) compared to 8.6% of the students
who did not prefer. Furthermore, 94.3% of the students mentioned that QOMO Interactive
Whiteboard makes it easy for the teacher to repeat, re-explain, and summarize (M = 4.63).

Investigating whether or not students would work harder or study more if their teachers
used the QOMO Interactive Whiteboard (M = 4.57) showed that 91.4% of the students agreed in
comparison to 5.8% who disagreed and 2.9% who were undecided. In addition, 88.5% of the
students thought that teachers’ lessons were more prepared and organized when they used
QOMO Interactive Whiteboard (M =4.54). On the other hand, 5.7% of the students disagreed.
Moreover, 94.3% of the students agreed that they participated more when the teacher used the
QOMO Interactive Whiteboard M = 4.54) in comparison to 2.9% who disagreed. Furthermore,
85.7% of the students revealed that they concentrate better in class when the QOMO Interactive
Whiteboard (M= 4.49) was used whereas only 2.9% of the students were in disagreement with
that and 2.9% were undecided. Finally, 94.3% of students declared that they learned more when
their teacher used the QOMO Interactive Whiteboard (M = 4.83) in comparison to 2.9% of
students who disagreed and 2.9% who were undecided.
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Table 1
Mean Scores of the Experimental Group on the IWB Students Attitudes Scoring Questionnaire.

Item M
1. I'like going out to the front to use the whiteboard 4.69
2. It is easier to understand the work when my teacher uses an IWB 4.69
3. IWBs make learning more interesting and exciting 4.71
4. 1 think students behave better in lessons with IWBs 3.00
5. I think IWBs make the teacher's drawings and diagrams easier to see 4.77
6. I prefer lessons which are taught with an IWB 4.51
7. IWBs makes it easy for the teacher to repeat, re-explain and summarize 4.63
8. I would work harder if my teacher used the IWB more often 4.57
9. I think teachers. lessons are more prepared and organized when they use an IWB 4.54
10. We get to join in lessons more when my teacher uses an IWB 4.54
11. I concentrate better in class when an interactive whiteboard is used 4.49
12. I learn more when my teacher uses an IWB 4.83
Table 2

Percentages of the Experimental Group on the IWB Students Attitudes Scoring Questionnaire.

Percentage (%)

Item SD D U A SA
I like going out to the front to use the whiteboard 2.9 0 5.7 8.6 82.9
It is easier to understand the work when my 2.9 0 0 20.0 77.1

teacher uses an IWB

IWBs make learning more interesting and exciting 2.9 2.9 0 8.6 85.7
I think students behave better in lessons with 25.7 114 22.9 17.1 22.9
IWBs

I think IWBs make the teacher's drawings and 2.9 0 0 114 85.7
diagrams easier to see

I prefer lessons which are taught with an IWB 8.6 0 0 14.3 77.1
IWBs makes it easy for the teacher to repeat, re- 5.7 0 0 14.3 80.0

explain, and summarize
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I would work harder if my teacher used the IWB 2.9 29 2.9 17.1 74.3

more often

I think teachers. lessons are more prepared and 5.7 0 5.7 11.4 77.1
organized when they use an IWB

We get to join in lessons more when my teacher 2.9 0 2.9 28.6 65.7
uses an IWB

I concentrate better in class when an interactive 2.9 0 114 17.1 68.6

whiteboard is used

I learn more when my teacher uses an IWB 2.9 0 2.9 0 94.3

Note. SD = Strongly Disagree, D = Disagree, U = Undecided, A= Agree, SA = Strongly Agree.

Regarding the second research question, which aimed at examining the effect that the
QOMO Interactive Whiteboard had on students’ achievement, the results of the Physics
Evaluation Sheet were used. As shown in Table 3, the mean score of students in the experimental
group was 6.84 while that of the control group was 3.81. A t-test for independent samples was
carried out to test whether students in the experimental group differed significantly on the scores
of the Physics Evaluation Sheet. Significant differences were found with t =4.23 (p < .05).

Table 3
Mean Scores and Standard Deviations of the Control Group and Experimental Group on the
Physics Evaluation Sheet.

Scores on the Physics Evaluation Sheet

Group N M SD
Control 33 3.81 2.72
Experimental 35 6.84 3.13
Discussion

This section discusses the results of the study in light of the research literature regarding
the use of interactive whiteboards in teaching and presents recommendations for further research
as well as teaching implications.

Students’ Attitudes towards the Use of the QOMO Interactive Whiteboard

A positive attitude towards the use of the QOMO Interactive Whiteboard in grade 7
physics was expected. This prediction was verified as evident in the results. Results yielded that
students liked to go out to the front of the classroom in order to use the QOMO Interactive
Whiteboard, worked harder (studied more), participated in lesson discussions and concentrated
more. In addition, students understood the work explained, learned more and considered
drawings and diagrams easier to see. Based on the obtained results, the QOMO Interactive
Whiteboard can be seen as a positive tool that enhances the teaching learning process. The
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results of the present study are consistent with those obtained by previous studies examining the
use of interactive whiteboards in classrooms (e.g. Gregory, 2010; Kennewell, 2001; Kennewel,
2004; DiGregorio & Sobel-Lojeski, 2010 ; Glover &Miller, 2001; Hall & Higgins, 2005; Saltan
& Arslan, 2009; Smith et al., 2005 Wall el al., 2005). Moreover, results indicated that the use of
the QOMO Interactive Whiteboard makes teacher lessons more prepared and organized. In
addition, teachers can repeat, re-explain and summarize.

Finally, students preferred lessons taught by QOMO Interactive Whiteboard to traditional
blackboards and reported that learning as more interesting and exciting. Students built positive
attitudes towards the usage of the QOMO Interactive Whiteboard in their classroom and this was
expressed in terms of increased motivation and enthusiasm. The results of the present study
were consistent with those obtained by previous studies done by Cuthell (2006), DiGregorio and
Sobel-Lojeski (2010), Levy (2002) and Wall, Higgins and Smith (2005).

The QOMO Interactive Whiteboard and Achievement

Using the Interactive Whiteboard was expected to result in improved students’
achievement. These expectations were based on the notion that interactive whiteboards promote
higher order thinking and shift students’ focus from remembering the content to gaining a deeper
understanding of the concepts being taught and support the shared cognition. Results showed that
there were significant differences between the two groups. The experimental group which was
exposed to the QOMO Interactive Whiteboard scored higher than those of the control group.
Results of the present study were consistent with previous studies that examined the effect of the
interactive whiteboard on students' achievement and showed higher achievement (e.g. Hennessy
et al., 2007; Kent, 2006; Swan et al., 2008).

Conclusion

This study provided some insight into students’ attitudes towards the use of the QOMO
Interactive Whiteboard in grade 7 physics and its effect on students’ achievement. The results of
the study showed that the QOMO Interactive Whiteboard served as a useful tool in science
classrooms. In addition, compared to traditional teaching methods, the use of the QOMO
Interactive Whiteboard in grade 7 physics resulted in better student achievement since students
were able to understand the material more. This might be attributed to the positive impact of the
QOMO Interactive Whiteboard on students and teachers. The use of the interactive whiteboard
also showed overall positive student attitudes whereby students were more motivated, interested
and enthusiastic during the use of the QOMO Interactive Whiteboard. Students were also more
willing to work hard and to participate and concentrate during class. Teachers, who are
considered as second partners of the teaching- learning process, were also more prepared and
organized when they used the QOMO Interactive Whiteboard. Moreover, teachers were able to
repeat, re-explain and summarize since the QOMO Interactive Whiteboard software can record
all the actions that took place during teaching.
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APPENDIX I
IWB Students Attitudes Scoring Questionnaire

This instrument consists of 12 statements about the QOMO Interactive Whiteboard. Please
express your opinion regarding each statement by checking one of the five items as follows:
5 ‘strongly agree’
4 ‘agree’
3 ‘undecided’
2 ‘disagree’
1 ‘strongly disagree’

There is no time limit. Please respond to all items. Thank you.

. I'like going out to the front to use the whiteboard

. It is easier to understand the work when my teacher uses an IWB

. IWBs make learning more interesting and exciting

. I think students behave better in lessons with IWBs

. I think IWBs make the teacher’s drawings and diagrams easier to see

. I prefer lessons which are taught with an IWB

. IWBs makes it easy for the teacher to repeat, re-explain, and summarize

. I would work harder if my teacher used the IWB more often

O |0 AN N[N~

. I think teachers. lessons are more prepared and organized when they use an
IWB

10. We get to join in lessons more when my teacher uses an IWB

11. I concentrate better in class when an interactive whiteboard is used

12. I learn more when my teacher uses an IWB
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APPENDIX II
Physics Evaluation Sheet
Time: 30 min
Answer the following questions:

A. We plunge an empty bottle into a container, holding water, as shown in the below figure.

Water does not enter into the bottle. We incline a little over the water surface; the bubbles appear
and water enters into the flask. Explain why?

B. The three flasks of the figure below are filled with the same quantity of nitrogen dioxide gas.
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1- What shape does the gas take in each of the flasks?
2- What volume does the gas occupy in each of the flasks?
3- What can you then conclude about the shape & the volume of the gas?

C. True / False Questions
I- Airisagas ......ooeveevennnn.
2- Airhasnomass ......................
3- A gas may occupy all the available volume ......................
4- Gases are not compressible ........................
5- Air has no definite volume ......................
6- Airisnota fluid .......................
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D. Complete the following table:

Solid Liquid Gas

Volume

Shape

Mass

E. I am invisible, colorless, occupy all the empty space around me and have mass. What am 1?
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Preparing the Next Generation Science Students: Implications of Authentic Scientific
Practices for Precollege Science Teaching and Learning
Fouad Abd El-Khalick

Preparing the ‘Next Generation’ Science
Students: Inytications of Authentic
Scientific Practices for Precollege
Science Teaching and Learning

o3
Fouad Abd-El-Khalick

University of Minois at Urbana-Champaign, USA

The Fourtesnth Anm nee (SMEC 14)
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Science and prosperity

eIt now is decidedly clear that “in the 21*
century, advances in science and
engineering will to a large measure
determine economic growth, quality of
life, and the health and security” of all
nations and the planet (National Science
Board [USA], 2001, p. 7)
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Science in the Arab world

4
¢2The Arab Human Development Report
(UNDF, 2003) tells “a story of stagnation
in . . . scientific research. In addition to thin
uction, scientific research in Arab
countries is held back by weak basic research
and the almost total absence of advanced
research in fields such as information
technology and molecular biology” (p. 23)
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SCIENCE EDUCATION
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Engaging student with doing S&E
3
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Connecledness across curriculum
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just realize the truth

3
change happens when you bend
yourself, when you change
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Scientific practices
3

o2 Engaging students with scientific practices is a
valuable goal in itself: Science is something ey
oan do

o Can provide valuable insight to better structure
science learning environmenis if we assume thal
the way students develop their scientific
understandings bears some resemblance to the
way scientists go about generating scientific

knowledge
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& X-rays discovered by Wilhelm
C. Roentgen al the Undversity
of Munich in 1895
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Blondlot’s experimental setup

S =
b s [’1 =
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N-rays

o3

c2“Observed by at least forty people and
analyzed in some 300 papers by some
100 scientists and medical doctors between
1903 and 1906" (Nye, 1980)

e2But how come you have not heard of N-rays?

. . . well, because they do not exist!
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Observation and theory

4
c2Observations are always motivated and guided
by, and acquire meaning in light of questions and
problems derived from, certain theoretical

perspectives
caScience rarely starts with neutral observations:

Rather, it starts with questions and / or theories
c2Observations are never “objective”: They can
only be more or less ‘objective’
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Observation and theory

O3

e “About thirty years ago there was much talk
that geologists ought only to observe and not
to theorize . . . How odd it is that anyone
should not see that all observations must be for
or against some view if it is to be of any
service” (Charles Darwin in a letter to
Fawcett, Sept 18, 1861)
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Theory-laden nature of science

3

caScienlists’ theoretical and disciplinary

commitments, beliefs, prior knowledge, training,
and expectations influence their

Choice of problems to investigate
ciMethods of investigation
dObservations, and

oiInterprelations

SLIDE 30

d

Womd wi wpiiete Pogarded b few =i fesmlined
R T e

7
ssadoid mataal 199

SLIDE 31

118 |Page



N
% i

“.. 2
_..TH q_.m_

SLIDE 32

SLIDE 33

119 | Page



120 | Page

Implications for instruction
5

SLIDE 34

Implications for instruction
3

caStart an activity with a 3uestiﬂn or problem
that is meaningful to students

i Ask students to explicate their prior ideas
relevant to the question or problem: Factor
these in

caCheck that students understand what data
they are collecting and why they are

collecting these; only then do data become
evidence!
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Scientific Process =
é | The Scientific Method o

SLIDE 38

Scientific method in science textbooks

3

ot "Physics, like all other sciences, is based on the
scientific method . . . When physicists try to explain
how things work, they use the scientific method. The
steps of the scientific method are . .. Make
observations and collect data that lead to a question;
Formulate and objectively test hypotheses by
experiments; Interpret results, and revise the
hypothesis if necessary; State conclusions in a from
that can be evaluated by others” (Holt Physics:
Serway & Faughn, 1999, p. 6)
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Scientific method quiz
o3

The scientific method is the basis for experimentation and
scientific research. Do you really understand what the
scientific method is and how to apply it? Here is a ten

question quiz you can take to test your knowledge. Are you
ready? Have fun!

* (: The first step of the scientific method involves:

O forming a hypothesis.

Q0 making observations.

Q performing an experiment.

Q predicting, the result of an experiment.

Scievce Pundementals Source: [ip.) ) chomineabs o nace, wechiv) Hmethedqua itm
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Drilled into student heads!

O3

¢ “In my opinion science is different from religion and
philosophy because it has one scientific method,
while you have many different philosophies and
religions” (Grade 11 student)

¢t “That is like how the science textbook goes about
it... 1 don't think that that is the only way you can
go about it but that's what has been drilled into my
head, the scientific method, this is how the scientists
work” (Secondary science teacher)
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Scientific method recipe
O3

Bciantific Mathed (1 sarving)
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Going more sophisticated

4
2" Real” method of science

http:/ /undsci.berkelev.edu/article/
0 0 0/howscienceworks (02
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Going more sophisticated
3
Case study: “Exploring Aerosols”

hitp:/ /undsci berkeley.edu/article/0 0 0/
howscienceworks 04

eaThe whole story with ozone depletion

hitp:/ fundsci borkelovedu/article /0 0 0/
Q20 lei"lli.'lmn 12
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Going more sophisticated

4

ciaCase study: “ Asteroids and dinosaurs:
Unexpected twists and an unfinished story”
http:/ fundsci.berkeleviedu/ article/
alvarez 01

eThe whole story with dinosaur extinction
hitp:/ fundscl.berkelevedu /article/0 0 0/
alvarez 10
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What do you observe?
o3

Ozone depletion Dinosaur extinction

SLIDE 50

Myth of “The Scientific Method”
3

ca Scientists observe, infer, compare, measure, lest,
speculate, hypothesize, debate, create ideas and
conceptual tools, and construct theories and
explanations. However,

¢ There is no single, recipe-like, stepwise, procedural,
“Scientific Method” that unerringly leads them to
valid claims or infallible knowledge

o This Includes practical, conceptual, and logical (e.g.
induction, deduction) activities

SLIDE 51



Creative nature of science
(%

“Physical concepts are free creations of
the human mind, and are not, however it

may seem, uniquely determined by the
external world” (Albert Einstein)
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Creative nature of science
4

caScience is not an entirely rational or
systematic activity: “Science is a blend of
logic and imagination” (AAAS, 1990)

caGenerating scientific knowledge involves

human creativity: Scientists invent
explanations and theoretical enlities
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Implications for instruction
3

aaTell it to students as it is: There is not a
single way for doing science

c’lnstead, focus on values: Respect for
evidence, consistency, skepticism,
critical discourse

eaScience is the best students can do with
their minds
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Isaac Newlon

Vathematical Principles of Natural Philosophng (14

SLIDE 56

Charles Darwin
On the Origin of Species (1859)

SLIDE 57



132 |Page

Marie Curie
Nobel Prizes 1903 and 1911
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Albert Einstein

Photoelectric effect, Brownian motion, Special theory of relativity (1905)
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Mimods chemasts discovered that a powerlul treatment lor lungal
imleclions doesn’ | w .-r; r1|.- WAY |‘||'\t fivis I"|.1'.|' |l'-\.'|ll'|||l'\|1 'i'!||1|!r_.|
new course for drug development

Thee pesrmrchers, bed by chemstry professor Martn Burke, nght. are. trom et
graduste shsdenits lan Dadey, Matthew Endo. Brandon Wikoock, Ersce Ui and not
plctused, Kastlyn Gaay and Dansel Talacsss
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Ressarchers discover a new palhway that regulates inflammation

LU ol 1 beowbammamtry perodessca’ Lin-Feang Chen, rght, and has collsagues. me badmg
pumstidos toral reearcher Kisodong Yang, sdentilied a novel pathway that controls the
actywry of a ey precetimty wivobvasd un erflassunatson
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Eabitrad
Cange/String Duality
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Social NOS

caScience is done by groups of individuals who
work within large communities of practice

ciScientists work and think together, they
build arguments and write papers together

i¥Scientists are members in professional
communities and interact on regular basis
both through formal and informal means
and venues
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Social NOS

5

o Scientific knowledge is socially negotiated (not be to
confused wilh relalivistic nolions of science)

ca Constitulive values underlie established venues for
communication and criticism in science (e.g., peer-
review)

it Objectivity is “secured by the social character of
inquiry . . .. [criticism allows the] incorporation of
hyvpotheses into the cannon of scientific knowledge,
which can be independent of any individual's
subjective preferences” (Helen Longino)
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Collect and Mdmﬁ Present,

Present to analyze represent defend
teacher data, arguments, ideas to
- evidence claims peers
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In summary
A3
ATheory-laden nature of science: Student

ideas matter

cNo single Scientific Method exists: Room
for creativity

e’Social nature of science: Engage your
students in their own learning by creating
a community of engaged peers

SLIDE 73



SLIDE 74

SLIDE 75

140 |Page



MATHEMATICS AND SCIENCE

Inquiry-Stance toward One's Own Practice as an Essential Element of Good Teaching
Marjorie Henningsen

Introduction

Using examples from real classrooms, we engaged with what it means to have an inquiry-
stance toward our own teaching practices, our students' learning, and the learning environment
we create with them. We discussed various specific ways in which teachers might inquire into
their own practice in mathematics and science. Research is a necessary and implicit part of the
practice of all teachers, but perhaps we need to consider the value of making it a more explicit
and systematic part of our planning, teaching and reflecting practices.

Description of Session

The session began with a discussion of the traditional definition of “action research” as
being primarily problem-solving oriented. The question was raised whether there could be
another perspective that focuses not on solving a specific problem of practice, but rather on
gaining deeper understanding of a particular phenomenon in our practice.

Next, “action research” was renamed and redefined in terms of having an inquiry stance
toward one’s own practices. More specifically, different purposes of teacher inquiry were
discussed including the following: 1) to solve a problem, 2) to effect change, 3) to guide change,
4) to understand the nature of a phenomenon, 5) a way of thinking and a way of relating to others
in solidarity in the act of trying to understand and 6) to establish and maintain a culture of
uncertainty or the unknown in the learning environment. The latter three purposes are related to
the idea of an inquiry stance toward practice.

I then spent significant time elaborating and emphasizing on the importance of
uncertainty in any inquiry learning process. I also elaborated on the notion that in a classroom
setting there are clear parallels between the role of the students and the role of the teacher in the
inquiry process. Next, participants were engaged actively in analyzing a concrete example (a
learning story) from preschool measurement. Participants did a gallery walk of student artifacts
and were asked to generate their own inquiry questions about the example learning story as well
as reflect on what mathematical ideas and processes students could have been learning or using
in their inquiry in the example.

Following some sharing out from the gallery walk activity and discussion about school
curriculum, I ended the session with a discussion of the question of whether teacher practice-
based research is real research or not—i.e., to what extent it should be valued and in what ways it
can be viewed as very powerful.
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I shared the following final thoughts:

e Taking an inquiry stance toward our own complex teaching practice is not only desirable;
it’s a natural and essential element of being a good teacher.

e Inquiry is a site for relating theory and practice, but it is not a one-way relation. Through
inquiry we move back and forth from theory to practice and back to theory again,
continually refining both.

* A commitment to an inquiry stance transforms our practice. It transforms learning
environments, the profession and us.

. INQUIRY-STANCE TOWARD
- ONE'S OWN PRACTICE AS AN
. ESSENTIAL ELEMENT OF
GOOD TEACHING
Dr. Marj Henningsen

SMEC March 31, 2012

@ Wellspring

LEARNING COMMUNITY

- _—
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Origins
The idea of action research can be traced
back to the John Dewey's ideas about
reflective practice in the 1820s, but it is
Stephen Corey who introduced the term
action researchto the educational
community in 1848. Corey (1853) defined
action research as the process through
which practitioners study their own practice

‘qu solve their personal practical problems. '

SLIDE 2

Typical Definition of
Action Research

Action research is a deliberate, solufion-
oriented investigation by individuals or
groups of teachers that involves cycles of
problem identification, systematic data
collection, reflection, analysis, data-driven

action taken, and, finally, problem
redefinition.

T —
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Is teacher inquiry
practical or theoretical?

Teachers' action research questions often
emerge from areas they consider problematic,
from discrepancies between what is intended
and what actually occurs.

Thus, we can say that teacher questions are
usually not stricthy practice-based or theory-
based, but often emerge from critical reflection
on the intersection of theory and practi

SLIDE 4

Another way to think about it

Teacher research Is often categonzed as a form of
Action Research However Action Research, as it
is traditionally conceived of, focuses squarely on
solving a problem of practice- it is solution-oriented.
This view can be helpful, but also limiting.

Inguiry into practice, though it begins with a

question, does not have to be about solving a
problem. It can also be simply about leaming more.
It can be about understanding student leaming

SLIDE 5
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Purposes of Teacher Inquiry

* Tosolve a problem

®* o effect change

®* Toguide change

* To understand the nature of a phenomenon

« A way of thinking and a way of relating to others in
selidarily in the act of trying to understand

* To establish and maintain a culture of uncertainty
erthe uvnknown in the learning environment.

SLIDE 6

UNCERTAINTY IS NOT THE ENEMY

THE UNKNOWN IS WHAT PROPELS LEARNING
FORWARD.

UNCERTAINTY IS NOT A SIGN OF WEAKNESS—IT IS
WHAT PROVOKES GENUINE INQUIRY IN HUMANS
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Inquiry is central to:

Leaming

Teaching

Professional Development

Cumiculum Development

Development of Classroom and School Culture
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Inquiry Process at Wellspring

CuBn— * Create a madel or theory and

Poseigenerate questions that discuss it or enact it with

tan be investinated others

it L * Make predictions and test
the modeltheary

Analyze and make sense of

the data {look for pattems . i i
Sl At Fevise the modeltheory if

needed
Revize questions/generate
new ones and coliect and * Getcurious and generate
analyze mare data if needed new guestions....
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Student-Led Inquiry

Role of students Role of teachers
Interact with others, explore = Setupinviting, interesting
real objects environment for students to

Interact with
Pursqe interests and
guestions through sed- = QObseve, askiprovoke, listen,
directed exploration of docurmnent what students do
environment and say
Interpret experience, make o inie !

RS : mret, make inferences,
predictions, try things out, et
decide what to do next typotheses and predicions

ahout what students are

Use grawing understandings learning

Decide what to

SLIDE 10

T v g greeiigt o Cigdenes,  greeplp e, G, vprrer,

. We see this approach as
. promoting an inquiry

“stance toward curriculum
- and also toward teaching
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An emerging caveat, perhaps
not well-articulated yet...

To inquire deeply and to see what i1s happening with
children we have to move away from thinking about
mathematical leaming within the confines of a lesson
with cleary defined a prior objectives as we
traditionally think of it

Instead we have to think about the role mathematical
understanding has or can have as the child's natural
inguiry processes play out and how mathematical
insights and developing understanding can be
afforded through the larger process of making sense
aftheir experiences

SLIDE 12
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Overall minimal expectations for
ages 3-5, 5-7

Measurement: Students will identify and
compare attributes of real objects and evenis
in their realm of experience. They will estimate
and compare using non-standard units of
measure and understand the advantages of
standard units. They begin to understand the
relationship between measures of attributes
and the units of measure.

T —
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It aII began with a meter
- stick stuck to the wall
during “"How We
Organize Ourselves”

Students were not prompted to use
it, but it was noticed as something

I new in the environment. '

SLIDE 15
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Photos were shared with transcripts to

illustrate a real classroom story (they have been
removed fromi this presentation due to image use
confidentiality agreements);

Teachers had placed a foam meter stick on the
wall ofthe KG 1 classroom (4-5 year olds ). At
some point students became interested in it and
began "measunng” themselves and others with it.
The interest in it snowballed among students.
They became excited about measuring height
with it. Students showied an awareness that the
numbers on the meter stick had clear meamng

- --e-=.-... 1in cqmpanngjnne another in terms

SLIDE 16

Where did this lead?

In the morning meeting the next day many students
wianted to do more measuring. The teachers asked them
if they could use other things to measure besides the
meter stick on the wall since it was stuck there and could
not be moved around. One student suggested, "We can
use other long things that go this way (making vertical
motion with the hand)". Teachers asked if they could find
some objects in the classroom that could be used to find
out how long or tall something is.

The students dispersed and came back with thin
markers a small measuring tape, snap cubes, glue
cks lips, They t nd
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Several days later...

The children were talking in morming meeting on a rainy
day about the need for a new and bigger doormat for
their classroom. The teacher told them that the
Pmcedure i5 that she has to make arequest to Dr. Man
or a new doormat. She asked them, "What should we
ask for? How b|g should it be? How can we figure our
how big it should be?" The students suggested
measuring some doormats they like in order to give the
right measures to Dr. Mar]. Other students suggested

measurng the floor space where they want to put the
doormat .

S0 they took their tools and began measurmF
Eventually they sent me their request with & etter =
aining ! Etf.,_ e wal 3" with an accompany
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Gallery Walk

& What measurement-related ideas are these
students possibly engaging with through
their inquiry so far?

® Could they be developing any more general
mathematical ways of thinking through this

inguiry?
& Other gquestions?
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DOCUMENTATION IS AN
ESSENTIAL PRACTICE THAT
SUPPORTS INQUIRY.

. -
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e e FNEE S, Rt iy, Subeny g enint, paedier,

Is teacher practice-
based inquiry real
research?

R
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Teacher research counts

Not only do teachers have a right and
responsibility to conduct research in their own
classroom, they are actually the best people to
do it!

Teacher research is often criticized as

subjective and non-scientific, but in fact there

is nothing more scientific than engaging in

inquiry processes to understand a real
orid phenomenon.

SLIDE 22

Inquiry into one’s own practice is powerful.

The power lies in the fact that when teachers approach
their own classrooms as researchers, they have total
access Teacher researchers can see more and leam
more than any researcher who comes in once or twice a
weelk for a few months can ever experience, Teacher
researchers are unguestionably subjective, but this may
be a strength not a weakness of this research. Their
subjectivity gives them access and power to make
change in the only place where it really matters — locally,
in their own classroom with their own students. Whether
teacher researchers go on to share this waork publicly, or
ot, does not detract from its value as research. (Wood,

SLIDE 23
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Your own teaching practice is well worth
inquiring about....

Teaching involves a search for meaning in the world.
Teaching is a life project, a calling, a vocation that is an
organizing center of all other activities. Teaching is past
and future as well as present, it is background as well
as foreground, it is depth as well as surface. Teaching
IS pain and humor, joy and anger, dreariness and
epiphany, Teaching is world building, it is architecture
and design, it is purpose and moral enterprise.
Teaching is a way of being in the world that breaks
through the boundaries of the traditional job and in the
rocess redefines all life and teaching itself, — Willia
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Final thoughts

Taking an inquiry stance toward our own complex
teaching practice is not only desirable, it's a natural
and essential element of being a good teacher.

Inquiry is a site for relating theory and practice, but it
isnot a one-way relation. Through inquiry we move
back and forth from theory to practice and back to
theory again, continually refining both.

A commitment to an inquiry stance transforms our
practice; it transforms learming environments, the
ession and us.
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Accreditation Process

Jaimy Kajaji
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Accreditation
process
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Why Get Accredited?

The accreditation process has long been
recognized in international school circles as
a highly effective means of initiating and
maintaining school improvement and
demonstrating adherence to a set of
publicly stated standards.

SLIDE 2
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Why Get Accredited?

The main aim of this evaluation program is
to provide an opportunity to improve the
quality of the education offered at the
school through a rigorous process of self-
examination followed by an objective
external appraisal by a team of peers.
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Benchmarks of Evaluation

Each school is evaluated against two basic benchmarks, these
being:
1. The School’s own Philosophyand Objectives and how
successful the schoolis in meeting its own stated purposes.
2. The Standards for Accreditation which are designed to

reflect the characteristics of a high quality educational
experience.

The guiding principles of the accreditation program are that a
school will be evaluated against The Standards for Accreditation
but in terms of its own Philosophy and Objectives.

SLIDE 4




The Initial Evaluation

The Head of a school wishing to enter the accreditation process for the
first time should meet with key members of the school and together
assess whether the school meets the prerequisites for the initial
application or not. This evaluation should be made by discussing the
school’s:

1.Philosophy and Objectives

2.Curriculum

3.Governance and Management

4.Staff

5.Student Support Services

6.Resources

7.Student and Community Life

and assessing to what extent these school sections meet with the
Standards for Accreditation set by the accreditation organization.

SLIDE 5

The Initial Evaluation

Alsoto be considered are:
1. The school community time and effort
commitment.
2. The Board of Trustees financial commitment.

If the head and key members of the school
consider that the school is eligible to enter the
accreditation process, then the school proceeds
to the Initial Application.

SLIDE 6
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The Initial Application

The Head of a school receives a request to submit a brief
amount of prior information to the accreditation
organization. This information includes:

1. Name and address of the school
2. History of the school

3.Mission statement (including philosophy, motto,
objectives)

4. Curriculum
5. Governance
6. Finance

SLIDE 7

Preparation for the Preliminary Visit

The head of a school is advised to involve a small number
of key members of the school community (e.g. heads of
sections, heads of departments, etc...) in the task of
producing suitable information and comments for this
form.

As a preparation for the preliminary visit, the school is
required to:

1. Submit various pieces of information, including:
* general school information

* student enrollment statistics by class, gender and
nationality

SLIDE 8
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Preparation for the Preliminary Visit

2. Submit some documents
* SECTION A: PHILOSOPHY & OBIJECTIVES

* Doc-A (i) A copy of the school's current philosophy &
objectives (may be entitled “ Mission & Aims”, “School
Charter”, etc.).

* Doc-A (i) A copy of the school’s admission policy and
enrollment procedure, including details of screening
processes.

* Doc-A (iii) A short description of the main characteristics of
the community served by the school.

* SECTION B: CURRICULUM

* Doc-B (i) A short descriptive summary of the school’'s main
curriculum, covering design, delivery, student assessment
and review.

SLIDE 9

Preparation for the Preliminary Visit

* SECTION C: GOVERNANCE & MANAGEMENT
* Doc-C (i) Alist of the members of the governing body showing
names and occupations
* Doc-C (ii) A document such as by-laws showing how the board is
organized and how it operates
* Doc-C (iii) names of persons responsible and titles + organizational
chart
* SECTION D: STAFF
* Doc-D (i) Alist or chart showing how staff is organized into
departments, divisions, etc.
* Doc-D (ii) A copy of employment contract(s) in use, and any other
schooldocuments regulating employer/employee relations.
* Doc-D (iii) A copy of the salary structure.
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160 |Page

Preparation for the Preliminary Visit

* Doc-D (iv) Alist of other benefits offered to personnel
(housing, travel allowance, medical insurance, etc.).

* Doc-D (v) Full list and details of all academic and
academic support staff (including current role in school,
number of years of experience, and post-secondary
qualifications and institutions).

* SECTION E: STUDENT SUPPORT SERVICES

* Doc-E (i) List of names and summary roles of staff that
make major contributions to the school’s health
services.

* A description of support services (special needs, English
as a second language, counseling, and health care.
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Preparation for the Preliminary Visit

- SECTION F: RESOURCES
* Doc-F (i) A brief description of school transport, food, residence,
safety and security and cleaning services ( and any other
auxiliary services if applicable)
* Doc-F (ii) A simple annotated plan of the school facilities
* Doc-F (iii) A brief description of the ICT services (for
teaching/learning and administration)available atthe school.
* Doc-F (iv) a brief description of the library/media centerand its
services
* SECTION G: STUDENT & COMMUNITY LIFE
* Doc-G (i) A list of the co-curricular activities on offer , with an
indication of the approximate number of students participating
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Preparation for the Preliminary Visit

* Doc-G (ii) A copy of the regulations applying to student conduct,
and the procedure to be followed in the case of breach of rules

* Doc-G (iii) A list of methods by which information is shared
between parents, students, and the school

* Doc-G (iv) A list of methods by which the school seeks opinions
from parents and students

* Doc-G (v) A short description of any form of student
government or representative council

* Doc-G (vi) A short description of any community service
activities undertaken by students

* Doc-G (vii) Alist of the practical ways in which the school
promotes intercultural and international awareness among
students.
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Preparation for the Preliminary Visit

3. Submit frank comments on the school’s current position with
respect to each and every standard for accreditation. A rating
and a concise comment is required against each standard.

Possible ratings are E (exceeds), M (meets) or D (does not meet).

* SECTION A: PHILOSOPHY & OBIJECTIVES
Section A: STANDARD ONE
The school shall have a clear and effective written statement of
its philosophy and objectives, appropriate for the students it
serves.
School Rating and Concise Comment: ...
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Preparation for the Preliminary Visit

Section A: STANDARD TWO

The school’s philosophy and objectives shall be generally known,
understood and accepted by the governing body, school management, staff,
parents, and students.

School Rating and Concise Comment: ...

SECTION B: CURRICULUM

Section B: STANDARD ONE

The curriculum, inits content design, implementation, assessment and
review, shall reflect the school’s philosophy, objectives and policies.
School Rating and Concise Comment: ...

Section B: STANDARD TWO

The curriculum shall be comprehensively documented.

School Rating and Concise Comment: ...
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Preparation for the Preliminary Visit

SECTION D: STAFF

Section D: STANDARD ONE

The school shall have management, teaching and support staff,
sufficientin numbers and with the qualifications and
competencies to carry out satisfactorily the school’s programs,
services, and activities.

School Rating and Concise Comment: ...

Section D: STANDARD TWO

The school head shall ensure thatthereis a co-operative
working relationship with all staff to facilitate proper utilization
of their abilities

School Rating and Concise Comment: ...
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Preparation for the Preliminary Visit

* SECTION E: STUDENT SUPPORT SERVICES
Section E: STANDARD ONE
There shall be effective procedures for identifying the
learning needs of students, both at admission and
thereafter.
School Rating and Concise Comment: ...
Section E: STANDARD TWO
If children with learning or other disabilities or remedial
needs are admitted, the school shall provide specific
curricula and programs to meet those needs.
School Rating and Concise Comment: ...
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Preparation for the Preliminary Visit

* SECTION F: RESOURCES
Section F: STANDARD ONE
The school shall provide orarrange for such services as are
required in support of its program offerings, and shall ensure
that these services with respect tofood, security, transportation,
cleaning, and others meet acceptable standards of safety and
comfort.
School Rating and Concise Comment.: ...
Section F: STANDARD TWO
Personnel employed to provide student services shall be
adequate in number, have appropriate qualifications, and
receive sufficient training to perform their functions effectively.
School Rating and Concise Comment: ...
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Preparation for the Preliminary Visit

Collection of the required information, comments
and documents will:

*help orient the school towards the accreditation
process.

eassist the preliminary visitors in planning the visit
and assessing the readiness of the school for the
next stages of the process.

*be very useful later as a foundation for the full
self-study.
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The Preliminary Visit

The preliminary visit is of extreme importance to
the whole of the accreditation process as the two
experienced evaluators/visitors clarify the various
aspects of the accreditation process and
ascertain the school’s readiness to undertake the
self-study.

The visitors should contact the head of school
well beforehand to agree on a schedule for the
visit.
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The Preliminary Visit

During the preliminary visit, the team will:

1.

Hold a training workshop for the school to have a
group of people who understands the
expectations of the accreditation process.

Meet with representatives of school community
(administration, teachers, students, parents,
workers, etc...) to gather information about the
school’s operation and the extent to which it
meets the standards for accreditation.
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The Preliminary Visit

3. Produce a report which will include:

¢ reference to the current position of the school with
regards to the standards for accreditation,

e proposal of a schedule of dates for the Self-Study and
Team Visit,

* suggestions as to the size and general composition of the
of the visiting team, and

e general concluding remarks and a recommendation (areas
of concern) with regard to candidate status.

After the report is reviewed by the accreditation organization, it
is sent with a letter which informs the school whether or not it
may proceed with the next step in the process.
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Preparation for the First Visit

Before entering the self-study phase, many
schools endeavor to have one or more key staff
members trained and selected for a visiting
team to another school.

This evaluation experience can provide valuable
insights into the purposes and procedures of the
accreditation process which can be shared with
the school staff.
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The Self-Study Process

The self-study is the most important stage of the entire
accreditation process and will normally take more than one
academic year to complete.

The school should begin the self-study by administering the
opinion surveys of its community: the governing body, staff,
students, parents, and alumni (optional).

Itis important that a school creates or reviews its statement
of philosophy and objectives which conveys the school’s
fundamental beliefs about education, and what it seeks to
accomplish for its students.
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The Steering Committee

A steering committee should be appointed well before the
self-study to develop an overall plan and schedule of work.
The head of the school should select someone other than
himself to be chair of the SSSC. The chair would best be a
person from a middle management position who
communicates well across all school sections.

The head, with the help of the SSSC chair, should build a
self-study steering committee. Members should be drawn
from various parts of the school and be good
communicators and motivators.
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The Steering Committee

The composition of the steering committee follows a basic structure:
steering committee chair, a secretary, and a representative from each
of the sections of the self-study, i.e.

* Section A-Philosophy and Objectives
e Section B-Curriculum, including

— Sub-sections reflecting the school’s identifiable divisions (i.e.
horizontal)

— Sub-sections reflecting the school’s subject strands (vertical)
e Section C-Governance and Management
* Section D-Staff
* Section E-Student Support Services
e Section F-Resources
e Section G-Student and Community Life.
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The Steering Committee

The SSSC does not itself “do the self-study”
but it does have to ensure that the self-study
gets done.

The SSSC should choose chairs for the self-
study committees (facilitators) for part one
and part two-Ato G.
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The Sections’ Committees

A successful self-study will depend in large
measure on the broad involvement of the
school community in the self-study
process.

Teachers, support staff, board members,
students and parents should sit on
committees preparing section(s) of the
self-study.
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The Sections’ Committees

Some typical examples might be:
a- nurse on committee E-student support services.

b- student representatives on committee A-philosophyand
objectives and committee G-student and community life.

c- board members on committee A-philosophy and objectives
and committee C-governance and management.

Throughout the self-study process, it is vital for the school to
encourage a climate of “constructive criticism”. Individuals
should be given the opportunity to praise what they consider to
be the positive features of the school but also to point out (with
proposed solutions) where they feel the school needs to
improve.
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Part One of the Self-Study

Part one of the self-study is the initial stage and should be
completed early in the self-study process, before
commencing part two. All self-study committees, and later
all visiting team members, will need to use this material in
their work. It is imperative, therefore, that this part is
updated just prior tothe team visit.

Duly completed part one documents in their entirety should
be made available to all self-study committees carrying out
the proceduresdescribed in part two of this guide. All part
one documents must also be sent to all visiting team
members six weeks in advance of their arrival on site.
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Part One of the Self-Study

The part one committee should assemble materials requested
for the following sections:

1.

School staff

2. Students currently on roll

3. Student nationalities

4. Graduates/school leavers

5. Student movement pattern-enrollment
6.
7
8
b

Student movement pattern-withdrawal

. Student achievements

. The opinion survey (students, faculty/staff, governing
ody members and parents (options: alumni/ex-students)
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d.

C.
as a consequence of the findings

Part One of the Self-Study

Furthermore, part one committee must add one
to two typed page document for each survey
explaining:

The most significant findings of the survey

b. The implications

The actions taken or planned by the school
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Part Two of the Self-Study

Section A committee (philosophy and objectives) should present an
interim report to be madeavailable to the other committees,in a similar
way to the part one report.

Self-Study committees shall use these general guidelines to complete the
self-study sections A-G:

Step 1: Collect and Review the Information

* The committees should collect or prepare the materials called forin
each section of the guides.

* The number of section B reports should be equal to the number of the
school’s identifiable divisions (horizontal: e.g. preschool, elementary,
middleand high schools) and subject strands (vertical: e.g. math,
science, etc.)
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Part Two of the Self-Study

* Some examplesare:
1. Written curriculum guides for the school division or subject area

2. A listing of teachersin the division or subject area including their
grade level or subject assignment and qualifications (this
information should be extracted from the whole staff list
assembled in part one of the self-study).

Step 2: Write the Descriptive Profile

* The committees should provide a clear, accurate and complete
descriptive profile, presenting only factual data.

* The committees shall review the school program with respect to the
relevant sections to ensure consistency with the school’s statement of
philosophy and objectives.
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Part Two of the Self-Study
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Part Two of the Self-Study

The committees shall evaluate the school’s practicesin terms of eachindicator
Some examples are:

Section B: INDICATORS RELATED TO STANDARD ONE WR ;“n“rgN
o |Curriculum design and delivery are consistent with the school's philosophy, objectives, and

policies

The curriculum reflects school policieson

i, admissionsand placement
Ib [ii studentassessment

iii. studentrecords

iv. reports on student achievem ent
Qo ti 9 Ratin
Section B: STAN DARD ONE 2

E, M or D

The curriculum, in its content, design, implementation, assessment and review, shall reflect the|
school’s philosophy, objectives and policies.

Section B: INDICATORS RELATED TO STANDARD TWO

2a |Writien curiculum materials indicate the scope and sequence for each course/grade.
Written curriculum materials specify expected learning outcomes i terms of what smdenty

2 |should know, understand and be able to do.

2c |Written curiculum m aterials inclule ref rences to the methodologies hat are used.

2 [Written curiculum m aterials inclule infrmation sout teaching ma teriaks aml e soures.
2e |Written curiculum m aterialsindicate assessments o be used to measure student progmess.
2

2f |Written curiculum m aterialsinclude references to links within and acros s dis ciplines.

ection B: STAN DARD TWO Rating ‘

EMorD
The curriculum shall be comp rehensively documeni |
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Part Two of the Self-Study

Step 4: Write the Statement of Conclusions
The committees should briefly summarize their main conclusions with
respect to:

a. principal strengths in the area
b. principal factors needing attention
c. draft plans or proposals for improvement

Step 5: Assemble, Sign and Submit the Self-Study Report to the
Steering C -

Each member of the self-study committee must sign their name and
position to testify to their involvement in the committee’s ratings and
conclusions.No person may be solely responsible for any aspect of the
committee’s work.
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Part Three of the Self-Study

Part three is the final stage of the self-study
process, where the steering committee
reviews the work of the other self-study
committees and present a summary of their
findings and their detailed strategic plans of
improvement, focusing on the quality of
students’ learning and/or well-being.
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Scheduling the Team Visit

The accreditation organization normally schedule
team visits either in March/April or
October/November to avoid opening or closing
school activities.

The school must bear in mind that the entire self
study document must be in the possession of the
accreditation organization , the visiting team chair
and the co-chair at least eight weeks before the
visit.
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The Accreditation Team Final Visit

Following the completion of the self-study, the
schoolis visited by a Team of qualified
administrators and teachers drawn from other
schools.

The visit extends through a week of on-site
observation and discussion, with team members
spending time observing classes, examining
teaching/learning materials, inspecting the facilities
and talking with staff, board members, students and
other representatives of the school community.
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The Accreditation Team Final Visit

By the end of its visit, the visiting team must make an
overall judgment as to how well the schoolisdoingin
terms of its own philosophy and objectives as well as
the accreditation organization standards for
accreditation.

The visiting team should reach a consensus with regard
to the school’s accreditation status. this overall
recommendation, along with the visiting team report,
will be sent directly to the accreditation organization
(and NOT to the school) within a week of the
conclusion of the team visit.

SLIDE 41

The Accreditation Team Final Visit

The visiting team report will cover:

* all aspects of the school’s operations

*aset of commendations which will highlight for the
school and the accreditation organization any

principal strengths that significantly enhance the
school’s operations

*aset of recommendations which will highlight for the
school and the accreditation organization any
principal factors in need of strengthening.
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Decision of Accreditation

The accreditation organization advisors analyze the
visiting team report and send their
recommendations to the accreditation organization
board of trustees.

The accreditation organization board of trustees
carefully considers the advisors’ recommendations
as well as the recommendations from the visiting
team.
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Decision of Accreditation

Once the accreditation organization board has taken the
required time (generally one to two months) necessary to
consider the team report and its overall recommendation in
depth, the board takes the decision with regard to the school’s
accreditation status.

The school will be encouraged to share the contents of the
visiting team report in its entirety with the school community
after it has been reviewed by the accreditation organization,
as well asany recommendations made in letters from the
accreditation organization as the accrediting agency.
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Subsequent Procedures

Once the school merits accreditation, it should be
continually working for self-improvement. Thus, a
series of steps have to be taken following the team
visit, including:

1. studying the visiting team report.

2. addressing all the visiting team recommendations
(as well as those inits own self-study report),
develop plans for improvement, and initiate
concrete steps towards their realization.
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Subsequent Procedures

These form the basis for the first progress report to
be submitted about one year after receipt of the
accreditation decision.

The school will again be required to report on
progress and submit future plans at the five year
stage, after which it will host a five year visit by one
or two members from the accreditation
organization representatives.
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