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= According to Hacking (1990), “the most decisive conceptual event of the
twentieth century has been the discovery that the world is not deterministic”.

= The term “probabilistic revolution” signals a shift from a deterministic
conception of reality, phrased in terms of universal laws of stern necessity, to one
In which probabillistic ideas have become central. Besides, viewing chance as an
integral part of natural phenomena(Kruger, Daston & Heidelberger, 1987).

= Although, long discussion through mathematics education platform
tends to ffocus on developing students’ mathematical thinking that
has deterministic and Iogical characteristics. Enhancing students’
probabilistic reasoning is the central concern in the case of

/pmllty eTca@
asoning refers to make a decision under

uncertalnty whenever the randomness and variability are
recognized (Falk and Konold, 1992; Savard, 2014). Hence, @
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= Many challenges in the area of probability education have been stated
through literatures. While many researchers agrees on lack of teacher
nero, et al., 2004; Pecky and Gould,

avating factors relevant to the

2005; Ainley and Monteiro,
school textbooks has been-i

= [t sometimes presents a too narrow view of||-Moreover, the
probability, applications are mostly restricted to|| connection among
games of chance, and some of the stated definitions|| mathematics,
for the probabilistic concepts are incorrect (Batanero|| statistics, and
et al., 2004 as cited in Chernoff and Sirirman, 2015). probability has been
identified as one
challenge, which
cause a difficulty for
students to separate
between the idea of
chance and the
deterministic
reasoning that mostl

= Batanero et al.,, (2016) have stated; although, the
probability content has been authorized in many
different stages from primary to teacher education
curriculum. Including a topic in the curriculum does not
automatically assure its correct teaching and learning;
the specific characteristics of probability, such as a
multifaceted view, or the lack of reversibility of random
experiments, are not usually found in other areas. this.
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= This aforementioned situation is crucial in the context of developing countries,
Egypt as well, wherein substantial importance is always assigned to address
the textbook activities. Particularly the case of statistics education as stated by
Innabi (2014, p.3) “Very Iim@ymh on statistics has been conducted in the
Arab world”. Moreover, the\study—iderrt'rﬁﬁrthe need to change the educational
community perception towards understanding statistics and its importance.
Therefore, paying attention to statistics research can be an endeavor to shed light
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Source: http://english.ahram.org.eq/
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The national textbook activities has been categorized based on

the correspondence between the activity’'s objective and the :
Fundamental Statistical Ideas in School Curriculum that I
have been identified by Burrill and Biehler (2011) :
T !
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Figure 1.
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® Sampling and inferencgrades
Probability models for data-generating processes
= Association and modelling relations between two variables
¥ Representation
® Distribution
® Variation
Distributing of the fundamental statistical ideas among elementary school grades
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Fundamental Statistical Ideas within the Textbook Activities
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Figure 2. Distributing of the Egyptian textbook activities based on their objectives
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CHAPTER 3: AYERAGE ACHIEYEMENT IN THE MATHEMATICS CONTENT AREAS

TIMSS2003

Exhibit 3.1: Average Achievement in Mathematics Content Areas

MATHEMATICS D

Grade (O

Average Scale Scores for Mathematics Content Aregs

R
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Countries

CHAPTER 3: AVERAGE ACHIEVEMENT IN THE MATHEMATICS CONTENT AND COGNITIVE DOMAINS

Exhibit 3.1 TIMS52007

Mathematics L [e?

Average Achievement in the Mathematics Content and
Cognitive Domains (Continued)

Average Scale Scores for Average Scale Scores for
Mathematics Content Domain g Mathematics Cognitive Domains
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Figure3. Grade 8 Egyptian students’ achievement in TIMSS 2003 and 2007
Source: :

Textbooks have an
important role due to
their great influence on
the process of teaching
and learning (Levicoy,
2014). Further, Robitaille
and Travers (1992, p.
706, as cited in Levicoy
et al., 2018) cite
textbooks as a
“significant factor in
determining students’
opportunity to learn
and their achievement,
facilitating the transfer
of educative contents
in the function of the
current curricula

guidelines, anQ
constituting a meairto
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Therefore itis |mportant rto [reﬂect on the tex!%ooks
discourse for identifying the possible opportunities given
to students to enhance their probabilistic reasoning.
Consequently, preparing them to face daily life situations
that contain uncertainty.

0 Research questior

From this [perspective, the current study aims at
analyzing the probability content as a part of the
primary school mathematics curriculum to interpret
its function in enhancing students’ probabilistic

reasoning.

To what extent does primary school
content of probability in Egypt provide
opportunities to enhance students’

probabilistic reasoning? @




0 Theoretical Perspectin

Probability was conceived from
two different perspectives. (1) A
statistical side of probability
which is related to the objective
mathematical rules that govern
random processes.
Complementary to this vision, (2)
An epistemic side views
probability as a personal degree
of belief, which depends on the
information available to the
person assigning a probability
(Hacking, 1975). Those two
perspectives have been reflected
in the works of many authors.
Recently, Batanero et al., (2016)
have summarized the main
mterpretatlons of probablllty

" 1 L o LY B Y R N e

ITASE 2019 Satellite Conference

£
= Decision Making Based ort Icata 1 |
& & =) P N s e et e e, T e
i

Axiomati
C

Subjective

Frequentis

Propensi
3%

Figure 4 the main interpretation of probability
Source: Batanero et al (2016)
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According to TIMSS, Curriculum has been defined through Tri-Partite Model

INTENDED
Intentions,
Aims -Fﬂ?ﬂ':!ﬂ. I P
[[  POTENTIALLY i
! IMPLEMENTED |
I: Textbooks and Other :I
i Organized Resource '
I Maie [ ]

— === M™SMPTEMENTED

Strategies, Practices
& Activities

The mathematics that students are expected to learn as
defined by countries’ curriculum policies and publications
O (S Y S i N | S S © R
Textbooks |provide a more detailed map of |
mathematical domains and topics. They are the |
|“potentia|ly implementable” curriculum, which
| serves as intermediaries in turning intentions into I
_implementations _((Schmidt et al,_1997b;_Houang |
and Schmidt, 2008)

What is alctually taught in classrooms, the

characteristicgs of those teaching it, and how it is taught

( T I |[M S S , 2 0 1 9 )

ATTAINED What it is that students have learned
Riedee: T and what they think about learning

Constructs, Schemas | these subjects (TIMSS, 2019)

Figure 5. Textbooks, the Potentially Implementable Curriculum.

Source: Schmidt et al., (1997b)




‘ 1. Determine primary school content of probability

Probability
Certain/ Possible/ Impossible

(1) Complefeby wrtng‘cortal,“Posslbl” o “impossibe’
() s 1o rain gold

TR} {hat the sun wilrise i the morning.

{o) s hat 1 wil gat a high grade in mathematics

) s 10 fnd & man thee melres high

(2) What do we oxpact?

dodods

Imagina thal you closed your eyes and slimed the
ball In each container very well and drew on ball
oul of sach

What do you expect tha colour of tha drawn ball
1o be In each case?

() The first containe
Complate; 11 is certain that the bal drawn from the
st container wil be in colout
ol ig impossible that It wil be in colour
(i) The second confainer. It s possible that the ball rawn
Hrom s contains wil be n calowr
ol 18 a8 possible o be in colour
ol 1§ mpossibié |0 b in colour

s
&

{e) The third container
alti§ certain hat the balldrawa from the (hird container
will be In colour

It s impossibie to be i colour

The Probability

Chance for occurrence of a definite event

We leamt thal events are eilher cerlain, impossible of possible.
Riso, probabilty expresses the chance of occurrence of an evenl.
Let the probaiity of oocumence of a certain event be 1, then the
probabilty of occumence of a possile event fies bebween 0 and 1.

Orill1:
Complee and choose the corect answer (v') as the example.

Fuant Peskabilty degres. Probabilty ofsccurrence
Eowlontmbonest | Cotin  [on, , b
Pupl ides abke toschool | Possle [ Zero, 1, between 0 and |

iy vt st

[l 2o, 1, beheen D
an ives on earth forever Zemm, 1, bebween O and |
[p———— 200, 1, beween D |
b sy . I, 1, beveen D

rill 2:

The weather forecas! bureau expected thal there wil be a chance
of & sumy day omorow it ra 0.8 nd that rabo wl change
for e tmorow i a o . Whichof e o ays wil b of
grealer probabilly of being sunny, lomorrow or afer fomorrow?

Tofidie probabily
fom an axperiment
ol tanple

Qo predel uaig 4
han procabily

Y,

‘ 'I{y

Experimental Probability

Lhﬁ poy

When you toss one coln fhete ara bwo possible ways the

col can land oher hoad H
Thi cliss s dhided into grouns. Each group losses a con

101mes, 20 mes, 50 imas and 100 imos then observe the
rosults and rocord Iham it followng lable

100 timés
What do you nafice?

Ntice:

hi:m“llv‘[ the numbar of mgamg 1 coln
folls o foct thal the numbar of occumence
of heads s noarly equal fo the number of
occurrence of all.
Fo nstance, tossing a coln 1000 times
the imbers of occurance of haads may
e 508 e whila the numbar of cocurince
of ol may be 1000 - 506 404 limes
It s s the probabilty of occurrence of heads R 1000
e g 0508 e o proaty ofoxurees of
ol 100w #0454

Theoretical Probability

=

Do W o i e bl e, . MR
el oulcomes and the sample space of eich ©o fnd an sl
Tonsing a rogular coln and obsenvng fha culcomis
Outcomen: Thare are 2 posaible ways (he con can
lanet P (H) r tl (1)

Sample space: 5= [ 1)

41 Koy - lerms
Roling a regular number cube numbered ¥ Thaoraleal
fom 1 o robablly
Outeomon: All possibla oulcomes e 1, » Oulcomas ol o0
2345ab -
Samplaspaca §0(1,2.3.45.6) ) S st

Exporiimant

Having 8 baby ond deteminig
the gender of the newborn baby
Oulcomas: u bey (B) or a gil (G)
Sampla Spaca; 5= B, 6]

Exparimant 4

Pl ool gana id doing B

e resul of a team. Ouicomes: All possible
oulcomes i, of ., Of
Sample Space:S{ ... .|

ok e Vol ke

/

Source: http://elearningl.moe.gov.eg/

-
3 The probability

/ Nace iy

[T

Bragimtcpuetare 4 hive studed 1 the previoss esson the sample spce of 4
oy
[re—
i bl oucomes for 1 random experiment.

o T sample space by (S), s elements rumber by n
i

random experimest we knew tha the sample space s the set of all

byt (3

.

b il Example i}
i

Inhe experment fiossingaregularcom and cberving
the appeanng face,sef of sample space 1 5 = [H, T},

P 1if)=1

- Example ()
o In the experment of tossing a regulas dic, obsenving

{he mumber appearingon the wpper face, ¢t of sample

Eample ) spueis§={1, 13,45, 8.n(8)=0.

A cord s drawn fiom 5 symmeincl cards rambered from | 1o § without ooking athem. 0 the sample:
gue= |l 1345
LIMEH

o)

Evample 4) - Tosing a regular die once, observing the rumber appearing cn the upper fce

cunside the followmg events
The exenl (Al . ppearance of an cven mumber o the upper face

The event{B) appearance of s odd mianber on the e [ace

Solutian:
Sample face §< 11,1 3,4.5,6) ,ni8) <6
EventA= |24,8,01A)=),

EventB={1.3.5).0iB)=3

ok b Smnd'fmn—m—

— @y

2 Random experiment

/

e mmiont ik and disiss

Trvghpt sty

awane One of the maths fchers showed b students i one of the
T ool b

ﬁ' e f e e o poi) i
(s o s disogue between b and s sudents.

R —

ymennitemsn Tl acher 1 2o s fossed on he tableor on e carh, wh s
[ ——.

sl e the appearance fice.

Adel - Either head or il
The teacher - well but why?

e ——

[ Adel - | am sure that the resal s e
Sl o heador i, and ol olher i,

it

The teacher - Who can determing the appearance face before fossing the coin
Hanan : No one, bt aflertossing the com we can be able o desrmine the appearance face
The teacher . This means that, we can'tpedict1ssmg i decrsion) hatthe resul s ethen head o al

such experiment s called i a random expenment.

The random 1152 experiment in which wecan deteming o s posibg
ETPETMEN g b wecar it n ety whichof st comes il st
when (he experiment 15 camed oul,
Sam¢ examples o ranchm expermiants ind ter euteomcs.
Hhsshleaicomes
T il ke Head (0, Tl 1)
Titly e coce, sy he ke o ot cnheapps T L1iddn
bl el ko oo o coms eyt ol el yeiw. o
(1ol yel o
bl i, B sheten,
vl i of e o

—m— Mathenuaics for svsh-grade primary 07-201




2. to analyze textbooks’ content of probability, Onto-Semiotic Approach (OSA) which is a
semiotic and anthropological approach to deal with the meaning of mathematical objects in a
personal and in an institutional level, has been employed to identify its primary entities.
According to OSA, the primary entities of probability have defined by situations, propositions,
procedures, and language (Godino, 2003; Gomez and Contreras, 2014)

Table 1. operational definition of OSA entities

What are the What are the What are the suitable What are the terms,
probabilistic properties, theories, algorithms, expressions, notations
activities, tasks that relationships that  techniques that can that has been embedded
has been discussed connect the be applied to perform within the lesson
within the lesson concepts to each a given situation? discourse to operate a
discourse? other? given situation?

)=n(H)/n e.g., H, T P(A),fairness,
between the event S) randomness

and the sample
space

e.g., tossing a coin  e.g., relationship e.g., P (H
(



3. Categorizing the deducted primary entities of probability through probability main
interpretations (Batanero et al., 2016)

‘ Intuitive

Propensi
(Y
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Table 2. Primarily identifies entities of probability content within the school textbook

Situations

Use students' daily life
context to grasp certain,
possible, and impossible
events (39 G)
Discuss the meaning of
great and moderate
probability (39 G)
Handle students’ personal
judgments to determine
the degree of probability
(4 * " G )

IntuiiesaM éating

Propositions

Relationship
between possible,
Impossible, certain
events and
personal
expectations (3"
G )
Relationship
between types of
events and its
probability (39, 4th

[ = \I

Proce
dures

Term and
embedded concepts

Guess, expect, and
predict (3"9: 6" G)
Great, moderate, less,
weak and none (3™ : 6'"
G )
Certain, possible, and
impossible event (3 , 6"

G )
Defective Vs functional
( 5 v G )

éuccess Vs failure (5" G')
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Intuitive meaning

Probability is an encapsulation of intuitive views of chance which leads to idea of assigning
numbers to uncertain events. Therefore, in that view we use qualitative expressions (e.g.,

probable and unlikely) to express the degrees of belief in the occurrence of random events.

Guess and expect :

(1) Assume (as we did previously) that someone closed his eyes and
stirred the balls in every container very well and then drew one ball

from each container. Can you decide the number of the container from
which:

BB X acE:>

(1) (2) (3)
You expect to great extent that the drawn ball will be:

(a) red (container number )
(b) yellow (container number )
(c) Blue (container number )

You expect to a less extent that the drawn ball will be:

(d) blue (container number )

(e) red (container number ) @




Table 3. Primarily identifies entities of probability content within the school textbook
Cessitéd Meaning

Situations

Introduce and
discuss the
theoretical
meaning of
probability P (A)
through some
r a n d o m
experiments (e.g.,
tossing a coin,
rolling a dice) (4" :
6 ¢t h G )

Discuss the sample
space and
assigned
probability of some
events (5'" G).

Explain the
meaning of the
random experiment
(6 '" G )

1 A A nmn *31 F v

Propositions

Tossing two coins/
dice once 1is
equivalent to tossing
one coin/dice two
consecutive times
(6 th G )

+ hh Al

Relationship
between the sample

space and event (A
C S) (6th G).

Relationship
between the type of
an event and its
probability (e.g., if A
= ¢, then n (A)= 0.
So, P (A) = 0/n (S)
=1; P (S)=1) (6" G).
The probability can
be written as a

Procedures

Apply the theoretical
probability law, P(A) =
number of favorable
outcomes n (A) / all
possible outcomes n
(S) (3r9: 6" G)

Determine the
probability of
impossible, possible,
and certain events (3¢

G )
Compare among
decimals, fractions

and percentages (4™,
6 t h G )

Determine elements
of the sample space
for one and two

stages random
experiment (4": 6" G)

Term and embedded concepts

Assume that (3rd G)
Fair coin, H, T, HH, TT (3"“: 6" G)

Equally likely, Same color, symmetric,

identical (4'": 6'" G)
Ratios, decimals, and percentages (4"
G )

All possible outcomes (4'": 6" G)

Odd, even, prime, divisible by, greater
or smaller than or between, and 2-digit
number (379: 6t'h G)

Sample space (S) (5, 6" G)
Theoretical probability (5", 6" G)
Random experiment (6'" G)
diagram (6'" G).

S,n(A),n(S), % 2,P A),P(3)P
( S ) (6 th G )

inaanditirosli + v f eth M\l

Tree

R >
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Clas sicall thoeoretical meanindyg
Probability is a fraction of the number of favorable cases to a particular event divided by the
number of all cases possible under the assumption that all possible events are equiprobable

Drill 5:

A box contains 4 blue balls, 2 red balls,
and 3 green balls, all equal in size. If a ball
Is drawn blindly, complete.

a Probability of drawing a blue ball =_i”

Probability of drawing a red ball =5

¢ Probability of drawing a green ball =~
d Probability of drawing a non-blue ball=1—--= = .. ...
e

Probability of drawing a non-red ball=1—-— = ......... @
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Table 4. Primarily identifies entities of probability content within the school textbook

FrequéRt{etNedifing

Situations

Doing a simple random
experiment of tossing a coin
10, 20, 50, 100 times (5'" G)

Proposing a survey to ask
students about preferred
sport and language (5" G)

Predicting the favorable
cases through knowing the
probability of a small sample

(5t G)

Inference into the probability

Propositions

Relationship
between
experimental
and theoretical
probability (e.g.,
expecting the
number of times
to get even
number when
rolling a number
cube 250 times)
(5 G)

Procedures

Applying the
experimental
probability law
(number of
outcomes / number

of trails) (5" G)

Calculate the
expected times of
occurrence by
knowing the
probability of
previous trails (5%

Term and
embedded
concepts

Tossing a regular
coin (5" G)

Survey (5" G)
Sample (5" G)
Experimental
probability (51" G)

Favorable
breakfast, preferred
language, and
favorite game (5!

G)
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Frequentistlexperimenta meaning
Probability is the hypothetical number towards which the relative frequency tends when a
random experiment is repeated infinitely many times (empirical tendency).

The opposite table shows the result of a survey of asking 40 students about
their favonte breakfast.

What is the probability of choosing foul and tamaya? Breakfast

What is the probability of choosing pies?

What is the probability of choosing cheese and dessert?

If the number of student is 400 students. How can Pie 4
you predict about the number of students choosing Cheese and dessert 16
foul and tamaya?

Foul and tamayia 20
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Table 5. Primarily identifies entities of probability content within the school textbook

the

Axiorﬁ%ﬁ\éaﬂ}lg)anmg

Situations

Discuss the
relationships
among all
possibilities of
some random
experiments (4'":
6" G)

Propositions

ForAc S, 0<sp(A)<1)
(4th: 6t G)

the sum of probabilities
for all possible events = 1
(4th G)

Relationship between the
probability of an event
and its complementary
(e.g., success vs failure,
defective vs functional)
(4th’ 5th G)

Procedures

Calculate the
probability of a
complementary
event (4" G)
Calculate the
probability of
event A union B
(4th’ Bth G)

Term and
embedded
concepts

- Subset (5" G)
- AorB (AU B) (5™

G)
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Probability is any function defined from A in the interval of real numbers [0,1] that fulfils the
following three axioms: 1. 0 < P(a) <1, foreverya € A; P(S) = 1

(a) For a finite sample space S and incompatible or disjoint events A and B, i.e., AN B = 2, it holds that P(AUB) =
P(A) + P(B). (b) For an infinite sample space S and a countable collection of pairwise disjoint sets A,, i = 1,2, ... it

hnlde P

FExampile (3)

A box contains 9 symmetric carnds each carmes a number from the nmumbers (10 o 90) they are mused
well, then one card 1s selected at random find the probabality of the

following events.
1 - The event A_ where A 15 a muymber that 1= divisible by 5.
2 — The event B_ where B 1s a number that 1s divisible by 3

3 - The event O where C 12 an odd smamber

Solutiorn -

Samplespace is S = {10 _ 20 _30 40 _ 50 _60 _ 70 _ 80 _ 90} _ n{S)=9_
_ The event. A — {10 _ 20 _30 _ 40 _ 50 _ 60 _ 70 _ 80 _ 90} etn (A) = 9

number of elements of the evend (A

- B number of elements of the event (S)
e LA = =
= = = 1 (certain evert)
mn (S o

~-Theevent B = {30 60 _ 90} S n(B)=—3

number of elements of B

The B () = mumber of elements of S
3 1
o = 3 — 0. 33 = 33%%
- The event  — o [(Impossible event ) then nn (C) = 0O
rx {0 O
Then P (C) = = = O
n (S) =

In a box, there are 5 red balls, 3 blue balls and 7 green balls,
equal in size. A ball is drawn blindly. Answer the following
questions.

a what is the probability that the drawn ball is blue?

b What is the probability that the drawn ball is green?

¢ What is the probability that the drawn ball is not red?
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« Using Hacking's explanation to look into the

revealed results wherein four interpretations
of probability have been discussed through
the national textbook (intuitive, classical,
experimental, and axiomatic). it's clear
that most of the textbook's arguments have
considered only the statistical side of
probability through emphasizing the
mathematical rules.

the subjective meaning that defines

probability as a personal degree of belief
and can be updated with new information
through Bayes theorem (Batanero, 2005 as
cited in Gomez and Miguel, 2014) hag@

hann annrannar~rhoad anA ecanrme m e 1IrnnAraA



 This ignorance can

affect students'
probabilistic
reasoning. Wherein
In the multi-structural

and rational level of
probabilistic
reasoning, students

should recognize the
conditional
probability (Mooney
et al., 2014) which is
considered a
prerequisite for
learning the
subjectivist meaning
of probability (Jones et

Table 6. key components of prominent probability frameworks

Study Probabilistic concepts ﬂ

Jones et al.
(1997)

Tarr and
Jones (1997)

Watson et al.
(1997)

Watson and
Moritz (2003)

=)

=)

= V] "] |V

?

(adapted from Mooney et al., (2016)

Organization

of cognitive
levels

Sample space Grades 3
Probability of an even  students in Subjective
Probability U.S. Transitional
comparisons Informal
Conditional probability quantitative
Independence Numerical
Conditional probability = Grades 4-8
Independence students in
U.S.
Chance Grades 3,6,9 Ikonic
measurements students in  Unistructural
(simple events, Australia (U)
likelihood, comparison Multistructural
of events) (M) Relational
Fairness Grades (R)
3,5,6,7,9
students in



Conditional probability reasoning is a crucial part of statistical literacy, since it
helps making accurate decisions or inferences in everyday life (Batanero and
Diaz, 2008). Further, Conditional probability and Bayes' theorem are important
ingredients of probability and should not be left out of any standard course in
probability. The concepts stand at the “border” between the two different theories
of nrobhabhilitv (\White and Guvot. 2018).

Lack of discussing the experimental meaning. Performing probability
experiments encourages pupils to develop understandings of probability
grounded in real events, as opposed to merely computing answers based on
formulae (Andrew, 2009 as cited in Tsakiridou and Vavyla, 2015). As Konold
(1995) stated, when teaching probability predominantly uses a theoretic approach
rather than a frequentist one, pupils often develop conceptions about probability

There is no connection between the four stated interpretations of probability.
For example. In 3rd grade, the textbook discourse doesn't clarify the relationship
between one's personal expectation of an event and how to quantify this

I\\IV‘\’\I\'I'I'\‘I‘:’\P'\ Ilh:nﬂ ‘I'l‘\f\f\v’f\‘l':f\f\l V\Pf\l’\f\k:l:‘l‘\l

the necessary conditions for implementing each interpretation of probability has
not been treated.
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* This study consider an endeavor to
shed light on statistics education
research (probability in the current

Absence of Lack of
subjective frequentist study) in the Arabian community.
meaning meaning Furthermore, it can also give insights
into the context of teacher education
as Stylianides and Ball (2004) has
declared understanding the content
No No that policymakers recommend
I:(gt":v"eee‘;t'%"e explanation students given the opportunity to
different about the learn considers one possible
interpretation Qgﬁgfﬁg approach for discussing teachers’
S knowledge. Consequently, deducting

what teachers would need to know to

. . . . successfully enact thes@
igure 4. Critical points of PSC of probability ,,yortunities in their classrooms.
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