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 Introduction

Th is book is unlike any other on the market, for several reasons. Aspirant 
probability experts may commonly engage in the study of a book with the 
intent of signifi cant learning. However, more often than not, afterward read-
ers are more confused than they were prior to reading the book. Th e intent 
of this book is to provide activities that will help readers progress from being 
confused about probability to being informed about probability. As Winkler 
(1996) stated, probability is ubiquitous. Each day, decisions are made about 
unimportant to terribly important outcomes in life—and, generally, such deci-
sions center on probability. Some common decisions may be:

 § Should I take an umbrella to work/school today? 
 § Should I go out to eat or eat at home? 
 § Should I go to college? 
 § Should I ask him or her to marry me? 
 § Should I buy the business from my partner? 
 § Should I try out for the baseball team?

A second reason for another book on probability is that most of the other 
books on probability are outdated. Although the concepts in probability have 
not changed dramatically in the past few decades, the methods of introduc-
ing such concepts are age old (in some cases up to a century or more). Th e 
respective years of publication for competing books are 1994, 1969, 1966, and 
2010. Minus the last book, the most recent book on probability was printed 
more than 20 years ago. Times have changed and some teaching and learning 
needs may be better met by up-to-date approaches. Th is is not to suggest that 
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2    PROBABILITY FOR KIDS

this book promotes any single teaching or learning ideology (more on this 
later). However, it is to suggest that the very essence of mathematics is prob-
lem solving (National Council of Supervisors of Mathematics [NCSM], 1977; 
National Council of Teachers of Mathematics [NCTM], 1980). In this book, 
teachers and learners will be introduced to a relatively unknown, yet very pow-
erful, problem-solving approach known as Model-Eliciting Activities (MEAs). 
MEAs are, as the name implies, activities in which learners must create their 
own mathematical model to explain phenomena. Th ey are powerful activities 
because they are often used to investigate topics that have not yet been intro-
duced to young learners. Suffi  ce it to say that none of the competing probabil-
ity books have used MEAs as the vehicle to encourage learners and teachers to 
investigate elementary concepts in probability. Consequently, some resources 
will be provided in this book, but no other single repository exists for fi nding 
MEAs for use in the fi eld of probability. 

A third, and certainly not fi nal reason for this book, is that textbooks used 
in elementary grades, in a best-case scenario, cover one to two topics in prob-
ability. It seems pointless to many mathematicians and statisticians that young 
learners with a high interest in probability or simply in being a well-rounded 
mathematician, should have to wait until high school to engage in a serious 
investigation of probability. Th e neglect to cover probability may be because it 
was not an area of interest to the authors, it is not a strong component of teach-
ers’ content knowledge, or for some other reason such as that it was minimized 
in national, state, or district standards. Whatever the case, probability can no 
longer be neglected if aspiring mathematicians are to become informed ones.

The Concept of Probability 
and Some Terminology

Laypeople commonly use terminology interchangeably, when technicians 
and experts in a fi eld such as probability do not intend for the terms to be used 
as such. To clarify several terms is therefore imperative. Note that the objective 
of these activities is not to teach terminology to learners. Instead, concepts in 
each chapter are designed to be investigated. After discussing the concepts for 
a period of time, it may behoove the facilitator to discuss terminology with 
learners. Below are some common terms that will likely arise. 

 § Event: Technically defi ned as any subset of the sample space. It refers 
to any outcome or trial in an experiment. Th e traditional example of 
an event is the fl ip of a coin. 

 § Experiment (or trial): Outcomes from an event that are considered 
observable. For example, an experiment may include drawing a marble 
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INTRODUCTION    3

out of a hat to conceal the color. Generally, multiple events constitute 
an experiment. 

 § Favorable outcome: An event that produced a desired trial. If, for 
instance, the person drawing a marble desires a blue one and in fact 
draws a blue one, then the favorable event has occurred. 

 § Odds: Th e number of desired outcomes taking place divided by the 
number of favorable outcomes taking place. For example, if a person 
wants to roll a die and get a six, then the odds are represented by the 
ratio 1:5 in which the number 1 is represented by getting a six and the 
number 5 represents the other fi ve numbers. 

 § Outcome: Th e result of a trial or experiment.
 § Probability (or likelihood or chance): Th e likelihood of an event tak-

ing place relative to the overall number of outcomes. For example, if a 
person wants to roll a die and get a three, then the probability is repre-
sented by the ratio 1:6 in which the number 1 represents rolling a three 
and the number 6 represents all prospective outcomes. 

 § Sample space: Th e total number of outcomes (e.g., in fl ipping a coin 
the sample space is two: heads and tails).

Insight on Mathematical Modeling
Readers are urged to revisit the title of this book, Probability for Kids: 

Using Model-Eliciting Activities to Investigate Probability Concepts. Th is does not 
merely imply that mathematical modeling may be discussed in this book. Th is 
title refl ects that modeling with mathematics is the central focus of this book, 
and after completing the activities, teachers and learners alike will have much 
more knowledge about what, precisely, mathematical modeling is. MEAs pro-
vide a unique insight for problem solvers and they serve as a mechanism to 
develop understanding of concepts prior to being introduced to them formally 
by an educator. 

Strangely enough, it has been found informally that when teachers prepare 
suffi  ciently to implement these activities in an educational setting, their con-
tent knowledge improves as well. Th at is to say, teachers have responsibilities 
placed on them, including generating as many answers as possible, conducting 
discussions about solutions at the conclusion of the activities, and responding 
to learner questions. Demands placed on a facilitator are much greater than 
delivering a lecture.

Activities presented in this book are intended to help learners gain true 
understanding of elementary concepts in probability. True understanding is 
accomplished through exploration and investigation of data that arises organi-
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4    PROBABILITY FOR KIDS

cally rather than simply talking at learners. When the term elementary concepts 
in probability is used it does not necessarily suggest that such topics are ones 
that are often learned in elementary grades (e.g., K–5 or 6). Instead, elementary 
concepts in probability is used in reference to beginning concepts in probabil-
ity that set the basis for learning increasingly complex concepts in second-
ary and tertiary coursework. Arguably, one of the most serious criticisms of 
mathematics learning in the United States, and many countries, is the “inch 
deep and mile wide” perspective (National Governors Association Center for 
Best Practices, & Council of Chief State School Offi  cers [NGA & CCSSO], 
2010). Concepts in mathematics are covered repeatedly at a very superfi cial 
level rather than at extreme levels of depth. Th e philosophy supported in this 
book is to enable learners with the opportunity to investigate concepts at a 
very deep level the fi rst time in an attempt to make sense of them (Hiebert et 
al., 1997). When this is done, Ausubel (1962) stated, meaningful learning has 
occurred that leaves residue (Skemp, 1976, 2006) with learners. Th is can trans-
late to learners not being as likely to develop anxiety about a mathematics topic 
when introduced to it a second, third, fourth, etc., time because they made 
sense of it the fi rst time. Moreover, in this book, learners will be introduced to 
one basic topic per lesson rather than four or fi ve disparate concepts per lesson. 
Th is approach may be in opposition to how mathematics is often done in many 
countries, but it increases the likelihood of actual learning rather than mere 
memorization of algorithms because learners are expected to mathematize, or 
make sense of data with a mathematical model that they create (Muratta & 
Kattubadi, 2012). As Murrata and Kattubadi illustrated, mathematical model-
ing can be done as early as grade 3 with a high degree of success. Th erefore, it 
is not surprising that investigating elementary concepts in probability through 
mathematical modeling can be done with gifted students in grades 4–6, and 
general population students in grades 5–9, as espoused in this book.

What precisely is mathematical modeling? Although many conceptions of 
it exist (Lesh et al., 2000), at its most basic level, mathematical modeling is the 
creation of mathematical models to explain phenomena in any content area of 
mathematics (e.g., algebra, data analysis and probability, geometry, measure-
ment, or number sense and operations). A mathematical model can be likened 
to a mathematical formula (e.g., the area of a triangle is computed by multi-
plying 1/2 base by the height of the triangle), although the two are not quite 
the same concept. Nevertheless, a formula is similar to a mathematical model 
in that it works effi  ciently and fl awlessly every time it is used, so it speaks of 
generalizability. Th e same is true with a mathematical model given a similar 
mathematical situation. 

In this book, a special type of mathematical modeling activities is used, 
called Model-Eliciting Activities (MEAs). MEAs were initially called Th ought 
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INTRODUCTION    5

Revealing Activities and subsequently called Case Studies for Kids (Lesh et al., 
2000). Subsequently, they came to be known as MEAs by the early 1990s. 
Among the many values of MEAs is that they are a highly refi ned type of problem-
solving task that elicit mathematical models from learners. Each MEA devel-
oped, and the ones in this book are no diff erent, has been designed according to 
six principles. Th ese principles are: model construction, reality, self-assessment, 
construct documentation, shareability and reusability, and eff ective prototype. 
Each is briefl y discussed below and in greater detail in the appendix (p. 113). 

 § Th e model construction principle: Simply stated, each MEA must be 
created so that learner solutions created for a MEA must be a mathe-
matical model. Such solutions must help learners describe, predict, or 
explain the information presented in the form of a model. 

 § Th e reality principle: Th e reality principle does not necessarily 
demand that each MEA must be a realistic context. Instead, each MEA 
designed must be able to help learners make sense or meaning of a 
mathematical situation. 

 § Th e self-assessment principle: Th e self-assessment principle stipulates 
that each MEA designed must be done in such a manner that problem 
solvers can ascertain the degree of correctness of their mathematical 
model. In short, problem solvers should not be expected to seek facili-
tator input on each mathematical model. 

 § Th e construct documentation principle: Th e construct documenta-
tion principle insists that each MEA developed expects learners to cre-
ate a written explanation of their thinking so that others, including the 
facilitator, can follow the groups’ thinking. 

 § Th e shareability and reusability principle: Th e shareability and reus-
ability principle asks developers to build into their MEAs something 
that enables mathematical models created to be transferred to other 
mathematical modelers. Th e best mathematical models should be 
shared, transferred, reused, and modifi ed by peers for their own uses. 

 § Th e eff ective prototype principle: Th e eff ective prototype principle 
stipulates that mathematical models must be eff ective in similar math-
ematical situations. In this respect, simple is often the best because 
inordinately complex mathematical models can sometimes be of use 
only with specifi c data sets or mathematical phenomena.

Characteristics of MEAs
MEAs are powerful for various reasons. For example, MEAs have mul-

tiple entry points (Chamberlin, 2002) and are accessible by constituents at 
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6    PROBABILITY FOR KIDS

various levels of mathematical understanding. Th us, MEAs have great poten-
tial in magnet schools, pull-out programs, and inclusive classrooms. Th e latter 
category may be the majority of environments in which gifted and talented 
mathematics students are served. 

In addition, as Chamberlin’s (2002) line of research suggests, MEAs have 
been used with gifted and talented students perhaps more than any other group 
of learners. Hence, many of the six principles have been implicitly adapted 
with gifted and talented students in mind. 

Consistent with recent expectations in mathematics education in the 
United States, the Common Core State Standards for Mathematics (CCSS-M), 
as well as many state standards created by the National Council of Teachers 
of Mathematics (NCTM), demand that mathematical modeling be infused 
in K–12 classrooms. However, few teachers or learning facilitators have been 
provided with any training to meet such an expectation. Th is is where MEAs 
rescue many individuals looking to meet increased demands. Th ey have been 
designed and piloted for approximately four decades and will help facilita-
tors infuse mathematical modeling in a systematic, student-driven manner. To 
date, no printed materials exist in one central repository that expects learners 
to create mathematical models to make sense of mathematical phenomena or 
situations. 

One of the most signifi cant reasons that MEAs were chosen for this book 
is that they facilitate precollege level thinking in mathematical situations (Lesh 
et al., 2000). Young problem solvers cannot be expected to use algorithms their 
entire school career and then be successful magically creating mathematical 
models when they get to the workforce and/or the tertiary level. Th e empha-
sis on mathematical modeling at the primary and secondary level carries over 
to higher level undergraduate and graduate courses at the university level. To 
expect promising mathematics students to know how to create mathemati-
cal models in college-level mathematics courses without adequate exposure to 
such demands prior to college is unreasonable. 

MEAs are incredibly real world in nature. Consequently, they may be used 
simultaneously to engage various types of students in enrichment and acceler-
ation. MEAs are in fact so realistic that on several occasions, problem solvers 
have asked about the status of the client or person for whom the problem is 
being solved. Such marketing or salesmanship may precipitate high-quality 
products on behalf of problem solvers because they feel they are truly solving 
an authentic problem-solving task.© H
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INTRODUCTION    7

Arrangement of Each Chapter
Each chapter is comprised of:
 § a discussion of the activity (MEA) presented in each chapter, 
 § potential student responses (listed from least to most complex),
 § the activity itself, and 
 § questions that facilitators may use during the implementation of the 

activity.

Facilitators are expected to serve in the role of metacognitive coaches 
(Gallagher, 1995; Min, 2005) during the implementation of all activities. 
Facilitators will provide questions to help guide learners’ thinking rather than 
tell them answers directly. For example, if a group poses a question because all 
of its problem solvers are stuck, rather than simply telling the group an answer, 
a capable metacognitive coach will respond with a question. Th e coach might 
ask the group members to review what they know about the problem state-
ment, what mathematics they already know about the content area, and to see 
what solution they can come up with thereafter.

Critical to asking high-quality questions is having extensive knowledge 
about assessment. Th e philosophy behind this book is that very capable teach-
ers and learning facilitators abound, but may need help periodically. In short, 
many facilitators are already assessment experts, but some helpful hints will 
be provided in discussions about how assessment can best occur. Th e biggest 
barrier to assessment with MEAs is that they are done in groups so assessing 
individual work is a challenge. Ascertaining who did what in the MEA is dif-
fi cult because learning facilitators rarely have the leisure of working with one 
group exclusively. 

Concept of Each Chapter
Foci for each chapter have been selected after talking to experts in probabil-

ity and consulting textbooks for recurring concepts. Upon completion of the 
activities, learners can be expected to fare well in probability concepts covered 
in high school coursework. 

Th e focus of each chapter is discussed below.
 § Chapter 1: Likelihood, which is the centerpiece of probability. 

Readers are provided with an activity that helps them see probability 
as the ratio of favorable outcomes relative to the number of overall 
(possible) outcomes.
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8    PROBABILITY FOR KIDS

 § Chapter 2: Randomness. Th e activity provided helps learners under-
stand what randomness is and the importance of it in the fi eld of prob-
ability. In short, randomness helps avoid bias. 

 § Chapter 3: Law of large and small numbers. Readers are provided 
with an activity that demands the investigation and the creation of a 
mathematical model to describe these laws in probability. Th e larger 
the sample, the greater likelihood that the probability will appear as it 
is supposed to or start to approximate theoretical probability. 

 § Chapter 4: Empirical and theoretical probability. Readers are pro-
vided with an activity to help them understand and distinguish between 
these two closely related concepts. Th eoretical probability is what is 
supposed to happen prior to data collection and empirical probability 
is what actually happened. 

 § Chapter 5: Dependent and independent events. Readers are pro-
vided an activity to help them distinguish between dependent and 
independent events. Independent events occur when two events do 
not aff ect each other and dependent events occur when two events are 
somehow related. 

 § Chapter 6: Combinations and permutations. Readers are provided 
with an activity designed to help them distinguish the diff erence 
between these two oft-intermingled concepts that deal with order. 
With combinations, the order is not of consequence (e.g., red shirt, 
blue jeans, yellow hat), but with permutations, the order is important 
(e.g., the combination to unlock a safe).

Alignment to Standards
All activities are linked to the Common Core State Standards for 

Mathematics (CCSS-M; an alignment chart is provided on p. 125; NGA 
& CCSSO, 2010) and the Principles and Standards for School Mathematics 
(PSSM; NCTM, 2000). As of publication, more than 40 states have adopted 
the CCSS-M. Other states are generally using their own standards, which are 
likely an adaptation of the NCTM principles and standards. In addition, many 
of the expectations expressed in the CCSS-M connect to the principles and 
standards explicated by the NCTM. 

Two notes must be made at this point. First, the NCTM document was 
comprised of six principles and 10 standards (fi ve content and fi ve process 
standards). Th e content standards pertain to content areas: algebra, data analy-
sis and probability, geometry, measurement, and number sense and operations. 
Th ese are the topics that should be taught in grades K–12 according to the 
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