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HOW TO USE THIS GUIDE

This workbook belongs to you.  It is designed to serve as a guide for the duration of your training programme and as a resource for after the time.    It contains readings, activities, and application aids that will assist you in developing the knowledge and skills stipulated in the specific outcomes and assessment criteria.  Follow along in the guide as the facilitator takes you through the material, and feel free to make notes and diagrams that will help you to clarify or retain information.  Jot down things that work well or ideas that come from the group.  Also, note any points you would like to explore further.  Participate actively in the skill practice activities, as they will give you an opportunity to gain insights from other people’s experiences and to practice the skills.  Do not forget to share your own experiences so that others can learn from you too.  

ICONS

For ease of reference, an icon will indicate different activities.  The following icons indicate different activities in the manual.
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PROGRAMME OVERVIEW 

PURPOSE

At the end of this training session you will be able to:

· Critique and use techniques for collecting, organising and representing data. 

· Use theoretical and experimental probability to develop models, make predictions and study problems. 

· Critically interrogate and use probability and statistical models in problem solving and decision making in real-world situations.
LEARNING ASSUMPTIONS
The credit value is based on the assumption that people starting to learn towards this unit standard al-e competent in Mathematical Literacy and Communications at NQF level 3.
HOW YOU WILL LEARN
The programme methodology includes facilitator presentations, readings, individual activities, group discussions, and skill application exercises.

HOW YOU WILL BE ASSESSED
This programme has been aligned to registered unit standards.  You will be assessed against the outcomes of the unit standards by completing a knowledge assignment that covers the essential embedded knowledge stipulated in the unit standards, and by doing a practical assessment to apply the learning to your work situation.  When you are assessed as competent against the unit standards, you will receive a certificate of competence and be awarded 6 credits towards a National Qualification.

FORMATIVE ASSESSMENT 

In each Learner Guide, several activities are spaced within the content to assist you in understanding the material through application. Activities in the learner manual are not for assessments. Formative assessments are in a separate module written formative assessment. Please make sure that you complete ALL activities in the Formative Assessment Guide, Formative activities must be completed at the end of each section. 
SUMMATIVE ASSESSMENT 

You will be required to complete a Portfolio of Evidence for summative assessment purposes. A portfolio is a collection of different types of evidence relating to the work being assessed. It can include a variety of work samples.

The Portfolio Guide will assist you in identifying the portfolio and evidence requirements for final assessment purposes. You will be required to complete Portfolio activities on your own time, using real life projects in your workplace environment in preparing evidence towards your portfolio.

Being Declared Competent Entails:

Competence is the ability to perform whole work roles, to the standards expected in employment, in a real working environment.

There are three levels of competence:

· Foundational competence: an understanding of what you do and why.

· Practical competence: the ability to perform a set of tasks in an authentic context.

· Reflexive competence: the ability to adapt to changed circumstances appropriately and responsibly, and to explain the reason behind the action.

To receive a certificate of competence and be awarded credits, you are required to provide evidence of your competence by compiling a portfolio of evidence, which will be assessed by a MICT SETA accredited assessor.

You Have to Submit a Portfolio of Evidence

A portfolio of evidence is a structured collection of evidence that reflects your efforts, progress and achievement in a specific learning area, and demonstrates your competence.

The Assessment of Your Competence

Assessment of competence is a process of making judgments about an individual's competence through matching evidence collected to the appropriate national standards. The evidence in your portfolio should closely reflect the outcomes and assessment criteria of the unit standards of the learning programme for which you are being assessed.

To determine a candidate’s knowledge and ability to apply the skills before and during the learning programme, formative assessments are done to determine the learner’s progress towards full competence. This normally guides the learner towards a successful summative (final) assessment to which both the assessor and the candidate only agree when they both feel the candidate is ready.

Should it happen that a candidate is deemed not yet competent upon a summative assessment, that candidate will be allowed to be re-assessed. The candidate can, however, only be allowed two reassessments. 

When learners have to undergo re-assessment, the following conditions will apply:

Specific feedback will be given so that candidates can concentrate on only those areas in which they were assessed as not yet competent.

Re-assessment will take place in the same situation or context and under the same conditions as the original assessment.

Only the specific outcomes that were not achieved will be re-assessed.

Candidates who are repeatedly unsuccessful will be given guidance on other possible and more suitable learning avenues.

In order for your assessor to assess your competence, your portfolio should provide evidence of both your knowledge and skills, and of how you applied your knowledge and skills in a variety of contexts.

This Candidate’s Assessment Portfolio directs you in the activities that need to be completed so that your competence can be assessed and so that you can be awarded the credits attached to the programme. 
	NOTE YOUR POE GUIDE HAS MORE INFORMATION ON THE ASSESSMENT PROCESS


SECTION 1:  DATA COLLECTION, ORGANISING AND REPRESENTING DATA
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1.1 INTRODUCTION TO DISCRETE AND CONTINUOUS PROBABILITY DISTRIBUTIONS
If a variable can take on any value between two specified values, it is called a continuous variable; otherwise, it is called a discrete variable. Some examples will clarify the difference between discrete and continuous variables. 

· Suppose the fire department mandates that all fire fighters must weigh between 150 and 250 pounds. The weight of a fire fighter would be an example of a continuous variable; since a fire fighter's weight could take on any value between 150 and 250 pounds. 

· Suppose we flip a coin and count the number of heads. The number of heads could be any integer value between 0 and plus infinity. However, it could not be any number between 0 and plus infinity. We could not, for example, get 2.5 heads. Therefore, the number of heads must be a discrete variable.

Just like variables, probability distributions can be classified as discrete or continuous. 

1.2 DISCRETE PROBABILITY DISTRIBUTIONS
If a random variable is a discrete variable, its probability distribution is called a discrete probability distribution.  An example will make this clear. Suppose you flip a coin two times. This simple statistical experiment can have four possible outcomes: HH, HT, TH, and TT. Now, let the random variable X represent the number of Heads that result from this experiment. The random variable X can only take on the values 0, 1, or 2, so it is a discrete random variable.  The probability distribution for this statistical experiment appears below. 

	Number of heads 
	Probability

	0 
	0.25

	1 
	0.50

	2 
	0.25


The above table represents a discrete probability distribution because it relates each value of a discrete random variable with its probability of occurrence. 
1.3 BINOMIAL PROBABILITY DISTRIBUTION
To understand binomial distributions and binomial probability, it helps to understand binomial experiments and some associated notation; so we cover those topics first. 

1.3.1 Binomial Experiment

A binomial experiment (also known as a Bernoulli trial) is a statistical experiment that has the following properties: 
· The experiment consists of n repeated trials.

· Each trial can result in just two possible outcomes. We call one of these outcomes a success and the other, a failure.

· The probability of success, denoted by P, is the same on every trial.

· The trials are independent; that is, the outcome on one trial does not affect the outcome on other trials.

Consider the following statistical experiment. You flip a coin 2 times and count the number of times the coin lands on heads. This is a binomial experiment because: 

· The experiment consists of repeated trials. We flip a coin 2 times.

· Each trial can result in just two possible outcomes - heads or tails.

· The probability of success is constant - 0.5 on every trial.

· The trials are independent; that is, getting heads on one trial does not affect whether we get heads on other trials.

            Notation:The following notation is helpful, when we talk about binomial probability. 

· x: The number of successes that result from the binomial experiment.

· n: The number of trials in the binomial experiment.

· P: The probability of success on an individual trial.

· Q: The probability of failure on an individual trial. (This is equal to 1 - P.)

· b(x; n, P): Binomial probability - the probability that an n-trial binomial experiment results in exactly x successes, when the probability of success on an individual trial is P.

· nCr: The number of combinations of n things, taken r at a time.

1.3.2 Binomial Distribution

A binomial random variable is the number of successes x in n repeated trials of a binomial experiment. The probability distribution of a binomial random variable is called a binomial distribution (also known as a Bernoulli distribution). 

Suppose we flip a coin two times and count the number of heads (successes). The binomial random variable is the number of heads, which can take on values of 0, 1, or 2. The binomial distribution is presented below. 
	Number of heads 
	Probability

	0 
	0.25

	1 
	0.50

	2 
	0.25


The binomial distribution has the following properties: 

· The mean of the distribution (μx) is equal to n * P .

· The variance (σ2x) is n * P * ( 1 - P ).

· The standard deviation (σx) is sqrt[ n * P * ( 1 - P ) ].

1.3.4 Binomial Probability

The binomial probability refers to the probability that a binomial experiment results in exactly x successes. For example, in the above table, we see that the binomial probability of getting exactly one head in two coin flips is 0.50. 

Given x, n, and P, we can compute the binomial probability based on the following formula: 

Binomial Formula. Suppose a binomial experiment consists of n trials and results in x successes. If the probability of success on an individual trial is P, then the binomial probability is: 

b(x;n;P)=nCy *Px*(1-P)n-x

	Example 
Suppose a die is tossed 5 times. What is the probability of getting exactly 2 fours? 

Solution: This is a binomial experiment in which the number of trials is equal to 5, the number of successes is equal to 2, and the probability of success on a single trial is 1/6 or about 0.167. Therefore, the binomial probability is: 

b(2; 5, 0.167) = 5C2 * (0.167)2 * (0.833)3 
b(2; 5, 0.167) = 0.161 




1.3.5 Cumulative Binomial Probability

A cumulative binomial probability refers to the probability that the binomial random variable falls within a specified range (e.g., is greater than or equal to a stated lower limit and less than or equal to a stated upper limit). 

	Example

We might be interested in the cumulative binomial probability of obtaining 45 or fewer heads in 100 tosses of a coin This would be the sum of all these individual binomial probabilities. 

b(x < 45; 100, 0.5) = 
b(x = 0; 100, 0.5) + b(x = 1; 100, 0.5) + ... + b(x = 44; 100, 0.5) + b(x = 45; 100, 0.5) 


1.3.6 Binomial Calculator

As you may have noticed, the binomial formula requires many time-consuming computations. The Binomial Calculator can do this work for you - quickly, easily, and error-free. Use the Binomial Calculator to compute binomial probabilities and cumulative binomial probabilities. The calculator is free. It can be found under the Stat Tables tab, which appears in the header of every Stat Trek web page. 

	Example 1
What is the probability of obtaining 45 or fewer heads in 100 tosses of a coin? 

Solution: To solve this problem, we compute 46 individual probabilities, using the binomial formula. The sum of all these probabilities is the answer we seek. Thus, 

b(x < 45; 100, 0.5) = b(x = 0; 100, 0.5) + b(x = 1; 100, 0.5) + . . . + b(x = 45; 100, 0.5) 
b(x < 45; 100, 0.5) = 0.184 




	 Example 2
The probability that a student is accepted to a prestigious college is 0.3. If 5 students from the same school apply, what is the probability that at most 2 are accepted? 

Solution: To solve this problem, we compute 3 individual probabilities, using the binomial formula. The sum of all these probabilities is the answer we seek. Thus, 

b(x < 2; 5, 0.3) = b(x = 0; 5, 0.3) + b(x = 1; 5, 0.3) + b(x = 2; 5, 0.3)
b(x < 2; 5, 0.3) = 0.1681 + 0.3601 + 0.3087 
b(x < 2; 5, 0.3) = 0.8369 


	 Example 3

What is the probability that the World Series will last 4 games? 5 games? 6 games? 7 games? Assume that the teams are evenly matched. 

Solution: This is a very tricky application of the binomial distribution. If you can follow the logic of this solution, you have a good understanding of the material covered in the tutorial, to this point. 

In the World Series, there are two baseball teams. The series ends when the winning team wins 4 games. Therefore, we define a success as a win by the team that ultimately becomes the world series champion. 

For the purpose of this analysis, we assume that the teams are evenly matched. Therefore, the probability that a particular team wins a particular game is 0.5. 

Let's look first at the simplest case. What is the probability that the series lasts only 4 games. This can occur if one team wins the first 4 games. The probability of the National League team winning 4 games in a row is: 

b(4; 4, 0.5) = 4C4 * (0.5)4 * (0.5)0 = 0.0625 


From example 3 above, when we compute the probability of the American League team winning 4 games in a row, we find that it is also 0.0625. Therefore, probability that the series ends in four games would be 0.0625 + 0.0625 = 0.125; since the series would end if either the American or National League team won 4 games in a row. 

Now let's tackle the question of finding probability that the world series ends in 5 games. The trick in finding this solution is to recognize that the series can only end in 5 games, if one team has won 3 out of the first 4 games. So let's first find the probability that the American League team wins exactly 3 of the first 4 games. 

b(3; 4, 0.5) = 4C3 * (0.5)3 * (0.5)1 = 0.25 

Okay, here comes some more tricky stuff, so listen up. Given that the American League team has won 3 of the first 4 games, the American League team has a 50/50 chance of winning the fifth game to end the series. Therefore, the probability of the American League team winning the series in 5 games is 0.25 * 0.50 = 0.125. Since the National League team could also win the series in 5 games, the probability that the series ends in 5 games would be 0.125 + 0.125 = 0.25.

The rest of the problem would be solved in the same way. You should find that the probability of the series ending in 6 games is 0.3125; and the probability of the series ending in 7 games is also 0.3125. 
1.3.7 Negative Binomial Distribution

In this lesson, we cover the negative binomial distribution and the geometric distribution. As we will see, the geometric distribution is a special case of the negative binomial distribution. 

Negative Binomial Experiment

A negative binomial experiment is a statistical experiment that has the following properties: 

· The experiment consists of x repeated trials.

· Each trial can result in just two possible outcomes. We call one of these outcomes a success and the other, a failure.

· The probability of success, denoted by P, is the same on every trial.

· The trials are independent; that is, the outcome on one trial does not affect the outcome on other trials.

· The experiment continues until r successes are observed, where r is specified in advance.

Consider the following statistical experiment. You flip a coin repeatedly and count the number of times the coin lands on heads. You continue flipping the coin until it has landed 5 times on heads. This is a negative binomial experiment because: 

· The experiment consists of repeated trials. We flip a coin repeatedly until it has landed 5 times on heads.

· Each trial can result in just two possible outcomes - heads or tails.

· The probability of success is constant - 0.5 on every trial.

· The trials are independent; that is, getting heads on one trial does not affect whether we get heads on other trials.

· The experiment continues until a fixed number of successes have occurred; in this case, 5 heads.
Notation: The following notation is helpful, when we talk about negative binomial probability. 
· x: The number of trials required to produce r successes in a negative binomial experiment.

· r: The number of successes in the negative binomial experiment.

· P: The probability of success on an individual trial.

· Q: The probability of failure on an individual trial. (This is equal to 1 - P.)

· b*(x; r, P): Negative binomial probability - the probability that an x-trial negative binomial experiment results in the rth success on the xth trial, when the probability of success on an individual trial is P.

· nCr: The number of combinations of n things, taken r at a time.

Negative Binomial Distribution defined.
A negative binomial random variable is the number X of repeated trials to produce r successes in a negative binomial experiment. The probability distribution of a negative binomial random variable is called a negative binomial distribution. The negative binomial distribution is also known as the Pascal distribution. 
Suppose we flip a coin repeatedly and count the number of heads (successes). If we continue flipping the coin until it has landed 2 times on heads, we are conducting a negative binomial experiment. The negative binomial random variable is the number of coin flips required to achieve 2 heads. In this example, the number of coin flips is a random variable that can take on any integer value between 2 and plus infinity. The negative binomial probability distribution for this example is presented below. 

	Number of coin flips 
	Probability

	2 
	0.25

	3 
	0.25

	4 
	0.1875

	5 
	0.125

	6 
	0.078125

	7 or more 
	0.109375


Negative Binomial Probability

The negative binomial probability refers to the probability that a negative binomial experiment results in r - 1 successes after trial x - 1 and r successes after trial x. For example, in the above table, we see that the negative binomial probability of getting the second head on the sixth flip of the coin is 0.078125. 

Given x, r, and P, we can compute the negative binomial probability based on the following formula: 

a) Negative Binomial Formula
Suppose a negative binomial experiment consists of x trials and results in r successes. If the probability of success on an individual trial is P, then the negative binomial probability is: 
                                        B*(x,r,P)=x-1Cr-1 *P r*(1-P)x-r
The Mean of the Negative Binomial Distribution

If we define the mean of the negative binomial distribution as the average number of trials required to produce r successes, then the mean is equal to: 

μ = r / P 

Where μ is the mean number of trials, r is the number of successes, and P is the probability of a success on any given trial.

Alternative Views of the Negative Binomial Distribution

As if statistics weren't challenging enough, the above definition is not the only definition for the negative binomial distribution. Two common alternative definitions are:

· The negative binomial random variable is R, the number of successes before the binomial experiment results in k failures. The mean of R is: 

μR = kP/Q
· The negative binomial random variable is K, the number of failures before the binomial experiment results in r successes. The mean of K is: 

μK = rQ/P
The moral: If someone talks about a negative binomial distribution, find out how they are defining the negative binomial random variable.

On this web site, when we refer to the negative binomial distribution, we are talking about the definition presented earlier. That is, we are defining the negative binomial random variable as X, the total number of trials required for the binomial experiment to produce r successes.

1.4 GEOMETRIC DISTRIBUTION

The geometric distribution is a special case of the negative binomial distribution. It deals with the number of trials required for a single success. Thus, the geometric distribution is negative binomial distribution where the number of successes (r) is equal to 1. 
An example of a geometric distribution would be tossing a coin until it lands on heads. We might ask: What is the probability that the first head occurs on the third flip? That probability is referred to as a geometric probability and is denoted by g(x; P). The formula for geometric probability is given below. 

Geometric Probability Formula:  Suppose a negative binomial experiment consists of x trials and results in one success. If the probability of success on an individual trial is P, then the geometric probability is: 
G(x; P)=P*QX-1
Sample Problems

The problems below show how to apply your new-found knowledge of the negative binomial distribution (see Example 1) and the geometric distribution (see Example 2). 

Negative Binomial Calculator

As you may have noticed, the negative binomial formula requires some potentially time-consuming computations. The Negative Binomial Calculator can do this work for you - quickly, easily, and error-free. Use the Negative Binomial Calculator to compute negative binomial probabilities and geometric probabilities. The calculator is free. It can be found under the Stat Tables tab, which appears in the header of every Stat Trek web page. 

	Negative Binomial Calculator 


	Example 1 
Bob is a high school basketball player. He is a 70% free throw shooter. That means his probability of making a free throw is 0.70. During the season, what is the probability that Bob makes his third free throw on his fifth shot? 

Solution: This is an example of a negative binomial experiment. The probability of success (P) is 0.70, the number of trials (x) is 5, and the number of successes (r) is 3. 

To solve this problem, we enter these values into the negative binomial formula. 

b*(x; r, P) = x-1Cr-1 * Pr * Qx - r 
b*(5; 3, 0.7) = 4C2 * 0.73 * 0.32 
b*(5; 3, 0.7) = 6 * 0.343 * 0.09 = 0.18522 

Thus, the probability that Bob will make his third successful free throw on his fifth shot is 0.18522.




	Example 2 
Let's reconsider the above problem from Example 1. This time, we'll ask a slightly different question: What is the probability that Bob makes his first free throw on his fifth shot? 

Solution: This is an example of a geometric distribution, which is a special case of a negative binomial distribution. Therefore, this problem can be solved using the negative binomial formula or the geometric formula. We demonstrate each approach below, beginning with the negative binomial formula. 

The probability of success (P) is 0.70, the number of trials (x) is 5, and the number of successes (r) is 1. We enter these values into the negative binomial formula. 

b*(x; r, P) = x-1Cr-1 * Pr * Qx - r 
b*(5; 1, 0.7) = 4C0 * 0.71 * 0.34 
b*(5; 3, 0.7) = 0.00567 

Now, we demonstate a solution based on the geometric formula.

g(x; P) = P * Qx - 1 
g(5; 0.7) = 0.7 * 0.34 = 0.00567 

Notice that each approach yields the same answer. 


Note: With a discrete probability distribution, each possible value of the discrete random variable can be associated with a non-zero probability. Thus, a discrete probability distribution can always be presented in tabular form.

1.5 CONTINUOUS PROBABILITY DISTRIBUTIONS
If a random variable is a continuous variable, its probability distribution is called a continuous probability distribution.  A continuous probability distribution differs from a discrete probability distribution in several ways. 

· The probability that a continuous random variable will assume a particular value is zero. 

· As a result, a continuous probability distribution cannot be expressed in tabular form. 

· Instead, an equation or formula is used to describe a continuous probability distribution. 

Most often, the equation used to describe a continuous probability distribution is called a probability density function. Sometimes, it is referred to as a density function. For a continuous probability distribution, the density function has the following properties: 

· Since the continuous random variable is defined over a continuous range of values (called the domain of the variable), the graph of the density function will also be continuous over that range. 

· The area bounded by the curve of the density function and the x-axis is equal to 1, when computed over the domain of the variable. 

· The probability that a random variable assumes a value between a and b is equal to the area under the density function bounded by a and b.

For example, consider the probability density function shown in the graph below. Suppose we wanted to know the probability that the random variable X was less than or equal to a. The probability that X is less than or equal to a is equal to the area under the curve bounded by a and minus infinity - as indicated by the shaded area. 
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Note: The shaded area in the graph represents the probability that the random variable X is less than or equal to a. This is a cumulative probability. However, the probability that X is exactly equal to a would be zero. A continuous random variable can take on an infinite number of values. The probability that it will equal a specific value (such as a) is always zero. 

1.6
SURVEYS
A statistical survey is a method used to collect, in a systematic way, information from a sample of individuals. Although most people are familiar with public opinion surveys that are reported in the press, most surveys are not public opinion polls (such as political polling), but are used for scientific purposes. Surveys provide important information for all kinds of research fields, e.g., marketing research, psychology, health professionals and sociology. A survey may focus on different topics such as preferences (e.g., for a presidential candidate), behaviour (smoking and drinking behaviour), or factual information (e.g., income), depending on its purpose. Since survey research is always based on a sample of the population, the success of the research is dependent on the representativeness of the population of concern

1.6.1 Modes of Data Collection

There are several ways of administering a survey. The choice between administration modes is influenced by several factors, including 1) costs, 2) coverage of the target population, 3) flexibility of asking questions, 4) respondents’ willingness to participate and 5) response accuracy

1.6.2 Writing good survey questions

Rules for writing good questions are given below:
· Rule 1. Use correct spelling, punctuation and grammar style.
· Rule 2. Use specific questions. For example, “did you read a newspaper yesterday?”, instead of “did you read a newspaper?”.

· Rule 3. Use a short introduction to question of behaviours. In this way you cannot only refresh the memory of the respondent, but also explain what you mean with the concept you are using. For example, with wines, you may not only mean red or white wine, but liqueurs, cordials, sherries, tables wines and sparkling wines.

· Rule 4. Avoid the use of technical terms and jargon. An exception to this rule are questions that are made for a specific group of respondents, who regularly use jargon, e.g., doctors, lawyers and researchers.

· Rule 5. Avoid questions that do not have a single answer. For example, “do you like to walk and to bike to school?”. Somebody who likes to walk, but does not like to cycle, cannot answer this question in the right way.

· Rule 6. Avoid negative phrasing, e.g., “should the school not be improved?”. This can lead to confusion and cost more effort to answer the question correctly.

· Rule 7. Avoid words and expressions with multiple-meanings, like any and just.

· Rule 8. Avoid stereotyping, offensive and emotionally loaded language

1.6.3 Response formats

Usually, a survey consists of a number of questions that the respondent has to answer in a set format. A distinction is made between open-ended and closed-ended questions. An open-ended question asks the respondent to formulate his own answer, whereas a closed-ended question has the respondent pick an answer from a given number of options. The response options for a closed-ended question should be exhaustive and mutually exclusive. Four types of response scales for closed-ended questions are distinguished:

· Dichotomous, where the respondent has two options

· Nominal-polytomous, where the respondent has more than two unordered options

· Ordinal-polytomous, where the respondent has more than two ordered options

· (bounded)Continuous, where the respondent is presented with a continuous scale

A respondent's answer to an open-ended question is coded into a response scale afterwards.
1.6.4 Advantages and disadvantages of surveys

The following are the advantages and disadvantages of surveys;
Advantages

· Surveys are an efficient way of collecting information from a large number of respondents. Very large samples are possible. Statistical techniques can be used to determine validity, reliability, and statistical significance.

· Surveys are flexible in the sense that a wide range of information can be collected. They can be used to study attitudes, values, beliefs, and past behaviors.

· Because they are standardized, they are relatively free from several types of errors.

· They are relatively easy to administer.

· There is an economy in data collection due to the focus provided by standardized questions. Only questions of interest to the researcher are asked, recorded, codified, and analyzed. Time and money is not spent on tangential questions.

· Sample surveys are usually cheaper to conduct than a full census.

Disadvantages

· They depend on subjects’ motivation, honesty, memory, and ability to respond. Subjects may not be aware of their reasons for any given action. They may have forgotten their reasons. They may not be motivated to give accurate answers; in fact, they may be motivated to give answers that present themselves in a favourable light.

· Structured surveys, particularly those with closed ended questions, may have low validity when researching affective variables.

· Although the individuals chosen to participate in surveys are often randomly sampled, errors due to no response may. That is, people who choose to respond on the survey may be different from those who do not respond, thus biasing the estimates. For example, polls or surveys that are conducted by calling a random sample of publicly available telephone numbers will not include the responses of people with unlisted telephone numbers, mobile (cell) phone numbers, people who are unable to answer the phone (e.g., because they normally sleep during the time of day the survey is conducted, because they are at work, etc.), people who do not answer calls from unknown or unfamiliar telephone numbers. Likewise, such a survey will include a disproportionate number of respondents who have traditional, land-line telephone service with listed phone numbers, and people who stay home much of the day and are much more likely to be available to participate in the survey (e.g., people who are unemployed, disabled, elderly, etc.).

· Survey question answer-choices could lead to vague data sets because at times they are relative only to a personal abstract notion concerning "strength of choice". For instance the choice "moderately agree" may mean different things to different subjects, and to anyone interpreting the data for correlation. Even yes or no answers are problematic because subjects may for instance put "no" if the choice "only once" is not available.

1.7 MEAN, MEDIAN, MODE, AND RANGE
Mean, median, and mode are three kinds of "averages". There are many "averages" in statistics, but these are, I think, the three most common, and are certainly the three you are most likely to encounter in your pre-statistics courses, if the topic comes up at all.

The "mean" is the "average" you're used to, where you add up all the numbers and then divide by the number of numbers. The "median" is the "middle" value in the list of numbers. To find the median, your numbers have to be listed in numerical order, so you may have to rewrite your list first. The "mode" is the value that occurs most often. If no number is repeated, then there is no mode for the list.

The "range" is just the difference between the largest and smallest values.

	Example

Find the mean, median, mode, and range for the following list of values:

13, 18, 13, 14, 13, 16, 14, 21, 13

The mean is the usual average, so:

(13 + 18 + 13 + 14 + 13 + 16 + 14 + 21 + 13) ÷ 9 = 15


Note that the mean isn't a value from the original list. This is a common result. You should not assume that your mean will be one of your original numbers.

The median is the middle value, so I'll have to rewrite the list in order:

13, 13, 13, 13, 14, 14, 16, 18, 21

There are nine numbers in the list, so the middle one will be the (9 + 1) ÷ 2 = 10 ÷ 2 = 5th number:

13, 13, 13, 13, 14, 14, 16, 18, 21

So the median is 14.   

The mode is the number that is repeated more often than any other, so 13 is the mode.

The largest value in the list is 21, and the smallest is 13, so the range is 21 – 13 = 8.

· Mean: 15
· Median: 14
· Mode: 13
· Range: 8

Note: The formula for the place to find the median is "( [the number of data points] + 1) ÷ 2", but you don't have to use this formula. You can just count in from both ends of the list until you meet in the middle, if you prefer. Either way will work.

	Example 2

Find the mean, median, mode, and range for the following list of values:

1, 2, 4, 7

The mean is the usual average: (1 + 2 + 4 + 7) ÷ 4 = 14 ÷ 4 = 3.5

The median is the middle number. In this example, the numbers are already listed in numerical order, so I don't have to rewrite the list. But there is no "middle" number, because there is an even number of numbers. In this case, the median is the mean (the usual average) of the middle two values: (2 + 4) ÷ 2 = 6 ÷ 2 = 3

The mode is the number that is repeated most often, but all the numbers appear only once. Then there is no mode.

The largest value is 7, the smallest is 1, and their difference is 6, so the range is 6.

· Mean: 3.5

· Median: 3

· Mode: none

· Range: 6

The list values were whole numbers, but the mean was a decimal value. Getting a decimal value for the mean (or for the median, if you have an even number of data points) is perfectly okay; don't round your answers to try to match the format of the other numbers.




	Example 3

Find the mean, median, mode, and range for the following list of values:

 8, 9, 10, 10, 10, 11, 11, 11, 12, 13

The mean is the usual average:

(8 + 9 + 10 + 10 + 10 + 11 + 11 + 11 + 12 + 13) ÷ 10 = 105 ÷ 10 = 10.5




The median is the middle value. In a list of ten values, that will be the (10 + 1) ÷ 2 = 5.5th value; that is, I'll need to average the fifth and sixth numbers to find the median:

(10 + 11) ÷ 2 = 21 ÷ 2 = 10.5

The mode is the number repeated most often. This list has two values that are repeated three times.

The largest value is 13 and the smallest is 8, so the range is 13 – 8 = 5.

· mean: 10.5
· median: 10.5
· modes: 10 and 11
· range: 5

While unusual, it can happen that two of the averages (the mean and the median, in this case) will have the same value.

Exercise:

A student has gotten the following grades on his tests: 87, 95, 76, and 88. He wants an 85 or better overall. What is the minimum grade he must get on the last test in order to achieve that average? 
1.8 SIMPLE RANDOM SAMPLING
A simple random sample gives each member of the population an equal chance of being chosen.  It is not a haphazard sample as some people think!  One way of achieving a simple random sample is to number each element in the sampling frame (e.g. give everyone on the Electoral register a number) and then use random numbers to select the required sample. 

Random numbers can be obtained using your calculator, a spreadsheet, printed tables of random numbers, or by the more traditional methods of drawing slips of paper from a hat, tossing coins or rolling dice.

The optimum sample is the one which maximises precision per unit cost, and by this criterion simple random sampling can often be bettered by other methods. 

Advantages

Ideal for statistical purposes

Disadvantages

· Hard to achieve in practice

· Requires an accurate list of the whole population

· Expensive to conduct as those sampled may be scattered over a wide area

1.9 RANDOM NUMBERS FROM A CALCULATOR OR SPREADSHEET
Most electronic calculators have a RAN# function that produces a random decimal number between 0 and 1.  The formula =RAND ( ) in Excel achieves the same result, but to more decimal places.  So how can you use these to select a random sample? 
Suppose you wanted to select a random lottery number between 1 and 49.  There are two approaches.

Firstly, you could multiply the electronic random number by 49 to get a random number between 0 and 49.  Round this number up to the nearest whole number. For example, if the electronic random number is 0.497, when multiplied by 49 this gives 24.353, which you should round up to 25.

Secondly, you could treat the electronic random number as a series of random digits and use the first two as your random number, ignoring any that are greater than 49.  For example, the electronic random number 0.632 has first two digits 63 and you ignore it, whereas 0.317 gives the random number 31.
1.10 RANDOM NUMBER TABLES
Random number tables consist of a randomly generated series of digits (0-9).  To make them easy to read there is typically a space between every 4th digit and between every 10th row.  When reading from random number tables you can begin anywhere (choose a number at random) but having once started you should continue to read across the line or down a column and NOT jump about.

Here is an extract from a table of random sampling numbers:

3680    2231    8846    5418    0498    5245    7071    2597

If we were doing market research and wanted to sample two houses from a street containing houses numbered 1 to 48 we would read off the digits in pairs
36    80    22    31    88    46    54    18    04    98    52    45    70    71    25    97 
and take the first two pairs that were less than 48, which gives house numbers 36 and 22.

If we wanted to sample two houses from a much longer road with 140 houses in it we would need to read the digits off in groups of three:
368    022    318    846    541    804    985    245    707    1 25    97
and the numbers underlined would be the ones to visit: 22 and 125.

Houses in a road usually have numbers attached, which is convenient (except where there is no number 13). In many cases, however, one has first to give each member of the population a number. For a group of 10 people we could number them as:

	0
	Appleyard
	5
	Francis

	1
	Banyard
	6
	Gray

	2
	Croft
	7
	Hibbert

	3
	Durran
	8
	Jones

	4
	Entwhistle
	9
	Lillywhite


By numbering them from 0 to 9 you need only use single digits from the random number table.   36802231884654180498524570712597. In this case the first digit is 3 and so Durran is chosen.

SECTION 2:  DEVELOPING MODELS USING THEORETICAL AND EXPERIMENTAL PROBABILITY 


2.1 INTRODUCTION TO EVENTS 
To the layman an event is something that happens. To the statistician, an event is an outcome or set of outcomes of an experiment. This brings up the question of what is an experiment. For our purposes an experiment will be any activity that generates an observable outcome. Some simple examples of experiments include flipping a coin, rolling a pair of dice, and drawing cards from a deck. An outcome of each of these experiments could be "heads", 7, or the ace of hearts respectively. For the example of the coin flip or drawing a card from the deck, the example outcomes given can be thought of as "atomic" in the sense that they cannot be further broken down into simpler events. The outcome of achieving a 7 on a roll of a pair of dice could be thought of as consisting of a pair of outcomes, one for each die. For example the 7 could be the result of 2 on the first die and 5 on the second. Having a flipped coin land heads up cannot be similarly decomposed. An event can also be thought of as a collection of outcomes rather than just a single outcome. For example the experiment of drawing a card from a standard deck, the events could be segregated into hearts, diamonds, spades, or clubs depending on the suit of the card drawn. Then any of the atomic events 2 , 3 , . . . , 10, jack, queen, king, or ace of hearts would be a "heart" event for the experiment of drawing a card and observing its suit.

In this chapter the outcomes of experiments will be thought of as discrete in the sense that the outcomes will be from a set whose members are isolated from each other by gaps. The discreteness of a coin flip, a roll of a pair of dice, and card draw are apparent due to the condition that there is no outcome between "heads" and "tails", or between 6 and 7, or between the two of clubs and the three of clubs respectively. Also in this chapter the number of different outcomes of an experiment will be either finite or countable (meaning that the outcomes can be put into one-to-one correspondence with a subset of the natural numbers).

The probability of an event is a real number measuring the likelihood of that event occurring as the outcome of an experiment. To begin the more formal study of events and probabilities, let the symbol A represent an event. The probability of event A will be denoted P (A). By convention, probabilities are always real numbers in the interval [0,1], that is, 0 ≤ P (A) ≤ 1. If A is an event for which P (A) = 0, then A is said to be an impossible event. If P (A) = 1, then A is said to be a certain event. Impossible events never occur, while certain events always occur. Events with probabilities closer to 1 are more likely to occur than events whose probabilities are closer to 0.

There are two approaches to assigning a probability to an event, the classical approach and the empirical approach. Adopting the empirical approach requires an investigator to conduct (or at least simulate) the experiment N times (where N is usually taken to be as large as practical).

During the N repetitions of the experiment the investigator counts the number of times that event A occurred. Suppose this number is x. Then the probability of event A is estimated to be P (A) = x/N. The classical approach is a more theoretical exercise. The investigator must consider the experiment carefully and determine the total number of different outcomes of the experiment (call this number M), assume that each outcome is equally likely, and then determine the number of outcomes among the total in which event A occurs (suppose this number is y). The probability of event A is then assigned the value P (A) = y/M. In practice the two methods closely agree, especially when N is very large. 

Some experiments involve events which can be thought of as the result of two or more outcomes occurring simultaneously. For example, suppose a red coin and a green coin will be flipped. One compound outcome of the experiment is the red coin lands on "heads" and the green coin lands on "heads" also. The next section contains some simple rules for handling the probabilities of these compound events.

	Example

Suppose the four sides of a regular tetrahedron are labelled 1 through 4. If the tetrahedron is rolled like a die, what is the probability of it landing on 3?

Assuming the regular tetrahedron is fair so that it equally likely to land on any of its four faces, the probability of it landing on 3 is p = 1/4.




	Exercises

1. Use the classical approach and the assumption of fair dice to find the probabilities of the outcomes obtained by rolling a pair of dice and summing the dots shown on the upward faces.

2. Part of a well-known puzzle involves three people entering a room. As each person enters, at random either a red or a blue hat is placed on the person's head. The probability that an individual receives a red hat is 1/2. No person can see the colour of their own hat, but they can see the colour of the other two persons' hats. The three will split a prize if at least one person guesses the colour of their own hat correctly and no one guesses incorrectly. A person may decide to pass rather than to guess. The three people are not allowed to confer with one another once the hats have been placed on their heads, but they are allowed to agree on a strategy prior to entering the room. At the risk of spoiling the puzzle, one strategy the players may follow instructs a player to pass if they see the other two persons wearing mis-matched hats and to guess the opposite colour if their friends are wearing matching hats. Why is this a good strategy and what is the probability of winning the game?




EXPERIMENTAL PROBABILITY
One way to find the probability of an event is to conduct an experiment. Experimental probability of an event can defined as the ratio of the number of times the event occurs to the total number of trials. For example Sam rolled a number cube 50 times. A 3 appeared 10 times. Then the experimental probability of rolling a 3 is 10 out of 50 or 20%. 
	Example

A bag contains 10 red marbles, 8 blue marbles and 2 yellow marbles. Find the experimental probability of getting a blue marble.

Solution: 
· Take a marble from the bag. 

· Record the color and return the marble. 

· Repeat a few times (maybe 10 times). 

· Count the number of times a blue marble was picked (Suppose it is 6).

The experimental probability of getting a blue marble from the bag is [image: image3.png]





Experimental probability is frequently used in research and experiments of social sciences, behavioural sciences, economics and medicine.

In cases where the theoretical probability cannot be calculated, we need to rely on experimental probability.

For example, to find out how effective a given cure for a pathogen in mice is, we simply take a number of mice with the pathogen and inject our cure. 

We then find out how many mice were cured and this would give us the experimental probability that a mouse is cured to be the ratio of number of mice cured to the total number of mice tested.

In this case, it is not possible to calculate the theoretical probability. We can then extend this experimental probability to all mice. It should be noted that in order for experimental probability to be meaningful in research, the sample size must be sufficiently large.

In our above example, if we test our cure on 3 mice and all of these are cured, then the experimental probability that a mouse is cured is 1. However, the sample size is too small to conclude that the cure works in 100% of the cases.

2.3 THEORETICAL PROBABILITY
Theoretical probability is the ratio between the number of ways an event can occur and the total number of possible outcomes in the sample space. Put simply, it's the chance that something will happen, usually expressed as a percentage.
The formula for theoretical probability of an event is
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	Example
A bag contains 20 red marbles, 8 blue marbles and 12 yellow marbles. Find the theoretical probability of getting a blue marble.

There are 8 blue marbles. Therefore, the number of favourable outcomes = 8.

There are a total of 20 marbles. Therefore, the number of total outcomes = 20
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	Example
Find the probability of rolling an even number when you roll a die containing the numbers 1-6. Express the probability as a fraction, decimal, ratio and percent.

Solution: 
The possible even numbers are 2, 4, 6. Number of favourable outcomes = 3.

Total number of outcomes = 6

[image: image6.png]Plevent)

Number of favorable outcomes

MNumber of total outcomes

3





The probability = [image: image7.png]


(fraction) = 0.5 (decimal) = 1:2 (ratio) = 50% (percent)




	The difference between experimental and theoretical probability.
theoretical probability- what should happen after testing 
experimental probability- what did happen after testing 


This is true, but to expand on this: 
Suppose we toss a fair (non weighted) coin. 
The theoretical probability of getting a head (or tail) is 1/2 because the coin is fair so we should get an equal number of heads and tails ie. this is what should happen in theory. In practice this doesn't always happen, which is where experimental probability comes in. 

Experimental probability is the probability of an outcome of an event based on an experiment. For example, if we toss the coin 10 times and get 4 heads and 6 tails we would say that the experimental probability of getting a head is 4/10 = 2/5 and the experimental probability of getting a tail is 6/10 = 3/5. 

The more experiments we do, the closer the probabilities get to the theoretical probability. 
Experimental probability is particularly useful when looking at problems which involved events and outcomes for which we don't know a theoretical probability, so we use experimental probability to get an approximation.


	Exercise

A coin is tossed 60 times. 27 times head appeared. Find the experimental probability of getting heads.


SECTION 3:  CRITICALLY INTERROGATE AND USE PROBABILITY AND STATISTICAL MODELS.



3.1 INTRODUCTION CHARTS AND GRAPHS
"A picture is worth a thousand words." This is certainly true when you're presenting and explaining data. You can provide tables setting out the figures, and you can talk about numbers, percentages, and relationships forever. However, the chances are that your point will be lost if you rely on these alone. Put up a graph or a chart, and suddenly everything you're saying makes sense!

Graphs or charts help people understand data quickly. Whether you want to make a comparison, show a relationship, or highlight a trend, they help your audience "see" what you are talking about. 

The trouble is there are so many different types of charts and graphs that it's difficult to know which one to choose. Click on the chart option in your spreadsheet program and you're presented with many styles. They all look smart, but which one is appropriate for the data you've collected? 

Can you use a bar graph to show a trend? Is a line graph appropriate for sales data? When do you use a pie chart? The spreadsheet will chart anything you tell it to, whether the end result makes sense or not. It just takes its orders and executes them! 

To figure out what orders to give, you need to have a good understanding of the mechanics of charts, graphs and diagrams. We'll show you the basics using four very common graph types: 

· Line graph

· Bar graph

· Pie chart

· Venn diagram 

First we'll start with some basics.

X and Y Axes – Which is which?

To create most charts or graphs, excluding pie charts, you typically use data that is plotted in two dimensions, as shown in Figure 1. 

· The horizontal dimension is the x-axis.

· The vertical dimension is the y-axis. 
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To remember which axis is which, think of the x-axis as going along the corridor and the y-axis as going up the stairs. The letter "a" comes before "u" in the alphabet just as "x" comes before "y".

When you come to plot data, the known value goes on the x-axis and the measured (or "unknown") value on the y-axis. For example, if you were to plot the measured average temperature for a number of months, you'd set up axes as shown in Figure 2: 
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The next issue you face is deciding what type of graph to use. 

3.2 LINE GRAPHS
One of the most common graphs you will encounter is a line graph. Line graphs simply use a line to connect the data points that you plot. They are most useful for showing trends, and for identifying whether two variables relate to (or "correlate with") one another. 

3.2.1 Trend data: 
· How do sales vary from month to month? 

· How does engine performance change as its temperature increases? 

3.2.2 Correlation:
· On average, how much sleep do people get, based on their age?

· Does the distance a child lives from school affect how frequently he or she is late? 

You can only use line graphs when the variable plotted along the x-axis is continuous – for example, time, temperature or distance.

	Note:
When the y-axis indicates a quantity or percent and the x-axis represents units of time, the line graph is often referred to as a time series graph.


	Example:
ABC Enterprises' sales vary throughout the year. By plotting sales figures on a line graph, as shown in Figure 3
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.It is easy to see the main fluctuations during the course of a year. Here, sales drop off during the summer months, and around New Year.


While some seasonal variation may be unavoidable in the line of business ABC Enterprises is in, it may be possible to boost cash flows during the low periods through marketing activity and special offers.

Line graphs can also depict multiple series. In this example you might have different trend lines for different product categories or store locations, as shown in Figure 4 below. It's easy to compare trends when they're represented on the same graph. 
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3.3 BAR GRAPHS
Another type of graph that shows relationships between different data series is the bar graph. Here the height of the bar represents the measured value or frequency: The higher or longer the bar, the greater the value.
ABC Enterprises sells three different models of its main product, the Alpha, the Platinum, and the Deluxe. By plotting the sales each model over a three year period, it becomes easy to see trends that might be masked by a simple analysis of the figures themselves. In Figure 5, you can see that, although the Deluxe is the highest-selling of the three, its sales have dropped off over the three year period, while sales of the other two have continued to grow. Perhaps the Deluxe is becoming outdated and needs to be replaced with a new model? Or perhaps it's suffering from stiffer competition than the other two?
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Of course, you could also represent this data on a multiple series line graph as shown in Figure 6.
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Often the choice comes down to how easy the trend is to spot. In this example the line graph actually works better than the bar graph, but this might not be the case if the chart had to show data for 20 models rather than just three. It's worth noting, though, that if you can use a line graph for your data you can often use a bar graph just as well.

The opposite is not always true. When your x-axis variables represent discontinuous data (such as different products or sales territories), you can only use a bar graph.

In general, line graphs are used to demonstrate data that is related on a continuous scale, whereas bar graphs are used to demonstrate discontinuous data.

Data can also be represented on a horizontal bar graph as shown in Figure 7. This is often the preferred method when you need more room to describe the measured variable. It can be written on the side of the graph rather than squashed underneath the x-axis. 
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	Note:
A bar graph is not the same as a histogram. On a histogram, the width of the bar varies according to the range of the x-axis variable (for example, 0-2, 3-10, 11-20, 20-40 and so on) and the area of the column indicates the frequency of the data. With a bar graph, it is only the height of the bar that matters.


3.4 PIE CHARTS
A pie chart compares parts to a whole. As such it shows a percentage distribution. The entire pie represents the total data set and each segment of the pie is a particular category within the whole. 

So, to use a pie chart, the data you are measuring must depict a ratio or percentage relationship. You must always use the same unit of measure within a pie chart. Otherwise your numbers will mean nothing. 

The pie chart in Figure 8 shows where ABC Enterprise's sales come from. 
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Tip 1: 
Be careful not to use too many segments in your pie chart. More than about six and it gets far too crowded. Here it is better to use a bar chart instead. 

Tip 2: 
If you want to emphasize one of the segments, you can detach it a bit from the main pie. This visual separation makes it stand out. 

Tip 3: 
For all their obvious usefulness, pie charts do have limitations, and can be misleading. 

3.5. VENN DIAGRAM
The last graph we will cover here is the Venn diagram. Devised by the mathematician John Venn in 1881, this is a diagram used to show overlaps between sets of data.

Each set is represented by a circle. The degree of overlap between the sets is depicted by the overlap between circles. 

Figure 9 shows sales at Perfect Printing. There are three product lines: stationery printing, newsletter printing, and customised promotional items such as mugs.
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By separating out the proportions of the business' customers that buy each type of product, it becomes clear that the majority of the biggest group of customers (55% of the total) – those who have their company stationery printed – are only using Perfect Printing for stationery. It's possible that they don't realise that Perfect Printing could also print their company newsletters and promotional items. As a result, Perfect Printing should consider designing some marketing activity to promote these product lines to its stationery customers.

Customers who get their newsletters printed by Perfect Printing, on the other hand, seem to be well aware that the company also offers stationery printing and promotional items.

A Venn diagram is a great choice to use when you are trying to convey the amount of commonality or difference between distinct groups. 

	Key Points:

There are many chart and diagram formats you can choose from when representing information graphically. Selecting the right type starts with a good understanding of how each is created. 

When you are clear about the specific sort of data the main types can be used to represent, you will be much more comfortable using the different types of chart in your analysis. This will add great value and improve the clarity and effectiveness of your communication. 




.
3.6
INTERPRETING GRAPHS LINE GRAPHS
	Exercise 1

The verbs in the box on the right can all be used to describe changes commonly represented on line graphs. Use your dictionary to look up the meanings of the verbs and then answer the following questions:

1. Which 5 verbs mean go up?

2. Of these, which 3 mean go up suddenly/a lot?

3. Which 5 verbs mean go down?

4. Which verb means reach its highest level?

5. Which verb means stay the same?

6. Which verb means go up and down?

Now decide which parts of the graphs below, showing the sales of a book between 1990 and 2000, can be described using the verbs given.
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	Exercise 2

Now, using the verbs above, complete these sentences using the information shown on the graphs:

1 In the year 2000, sales _____ at the beginning of August.

2 Sales rocketed between 19_____ and 19_____ .

3 From 1992 to 1993, sales of the book _____ .

4 Book sales fluctuated between _____ and _____ 2000.

5 Sales _____ between September and November 2000.

6 Sales started to fall for the first time in 19_____ .

7 Book sales _____ from 1994 to 1997.

8 However, from 1997 to 1999, sales _____ .




	Exercise 3

Changes can also be described in more detail by modifying a verb with an adverb. Using a verb from the box on the left, and an adverb from the box on the right, make sentences describing the changes represented on the line graphs above for the years or months shown. The first one has been done for you as an example.


1. 1990-–1992

Sales increased/rose dramatically/sharply.

2. 1992-–1994

3. 1994-–1997

4. 1997-–1999

5. July – August 2000

6. November–December 2000




3.7 INTERPRETING PIE CHARTS
Let’s use an exercise to show how one can interpret a pie chart.
The two pie charts below illustrate two families’ average monthly expenditure. In the summary there are ten factual errors. Using the information on the pie charts, underline the mistakes and then rewrite the text, making the corrections necessary. The first one has been done for you as an example.
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Both families’ biggest expenditure each month is the mortgage. Family A spends far more on their mortgage than they do on anything else (32%). This is exactly half what they spend on entertainment each month. Their food budget (19%) is significantly higher than their entertainment budget, while they spend well under 10% each month on clothes. Family B’s clothes budget is far less (5%). Family B’s entertainment budget is similar to Family A’s, at just 9%. In contrast, Family B spends much more on bills each month, over a quarter of the whole monthly budget. This is compensated for by their mortgage, which is slightly less than Family A’s, at only 24%. Just over 15% of their monthly budget goes on the car, significantly more than the 9% that Family A spends each month. In general, Family B spends more on necessary items such as bills, food and their car, while Family A allows slightly more money for entertainment and clothes.

— Family A’s biggest expenditure each month is the mortgage...

3.8 READING AND PLOTTING GRAPHS OF REAL-LIFE PROBLEMS
Let’s use an example to read and plot graphs.

	Example:

You are at home getting ready to go out to your stamp collecting club. You leave your house and jog the 1000m to the club. You arrive 5 minutes later. You exchange stamps and chat for 1 hour, then leave for home. It takes you 10 minutes. Plot a distance time-graph to represent your journey to and from the club. 

Solution:

Drawing graphs of real-life problems

1. Choose a suitable scale for each axis
2. Decide how many points to plot.

3. Draw the graph with suitable accuracy

4. Provide a title and label the axis

The journey to and from my stamp collecting club
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	Exercise  

1. Identify the graph that matches each of the following stories: 

a. I had just left home when I realized I had forgotten my books so I went back to pick them up. 

b. Things went fine until I had a flat tire. 

c. I started out calmly, but sped up when I realized I was going to be late. 
  

2. The graph at the right represents the typical day of a teenager. Answer these questions: 

a. What percent of the day is spent watching TV? 

b. How many hours are spent sleeping? 

c. What activity takes up the least amount of time? 

d. What activity takes up a quarter of the day? 

e. What two activities take up 50% of the day? 

f. What two activities take up 25% of the day? 
  

1. Answer these questions about the graph at the right: 

a. How many sets of data are represented? 

b. On approximately what calendar date does the graph begin? 

c. In what month does the graph reach its highest point? 

2. Answer these questions about the graph on the right: 
a. How many total miles did the car travel? 

b. What was the average speed of the car for the trip? 

c. Describe the motion of the car between hours 5 and 12? 

d. What direction is represented by line CD? 

e. How many miles were traveled in the first two hours of the trip? 

f. Which line represents the fastest speed? 

3. Answer these questions about the graph at the right: 

a. What is the dependent variable on this graph? 

b. Does the price per bushel always increase with demand? 

c. What is the demand when the price is 5 per bushel? 

  

4. The bar graph at right represents the declared majors of freshman enrolling at a university. Answer the following questions: 

a. What is the total freshman enrollment of the college? 

b. What percent of the students are majoring in physics? 

c. How many students are majoring in economics? 

d. How many more students major in polysci than in psych? 

5. This graph represents the number of A's earned in a particular college algebra class. Answer the following questions: 

a. How many A's were earned during the fall and spring of 1990? 

b. How many more A's were earned in the fall of 1991 than in the spring of 1991? 

c. In which year were the most A's earned? 

d. In which semester were the most A's earned? 

e. In which semester and year were the fewest A's earned? 

8.Answer these questions about the graph at the right:

a. How much rain fell in Mar of 1989? 

b. How much more rain fell in Feb of 1990 than in Feb of 1989? 

c. Which year had the most rainfall? 

d. What is the wettest month on the graph? 
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Specific Outcome 


On completion of this section you will be able to Critique and use techniques for collecting, organising and representing data. E.g. 


The formulation of questions in surveys to obtain data; 


Different instruments and scales such as yes/no (dichotomous) and 5 point (Liked scales) and discrete and continuous variables; 


Evaluation of data gathering techniques and of data collected so that faults and inconsistencies are identified; 


Calculating measures of center and spread such as mean, median, mode, range; and variance; 
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Assessment Criteria 


On completion of this section you will be able to:


Situations or issues that can be dealt with through statistical methods are identified correctly. (SO 1, AC 1)


Appropriate methods for collecting, recording and organising (data are used so as to maximise efficiency and ensure the resolution of a problem or issue. (SO 1, AC 2)


Data sources and databases are selected in a manner that ensures the representativeness of the sample and the validity of resolutions.  (SO 1, AC 3)


Data is gathered using methods appropriate to the data type and purpose for gathering the data. (SO 1, AC 4)


Data collection methods are used correctly. (SO 1, AC 5)


Calculations and the use of statistics are correct. (SO 1, AC 6)


Graphical representations and numerical summaries are consistent with the data, are clear and appropriate to the situation and target audience. (SO 1, AC 7)


Resolutions for the situation or issue are supported by the data and are validated in terms of the context. (SO 1, AC 8)
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Specific Outcome 


On completion of this section you will be able to Use theoretical and experimental probability to develop models. E.g. 


Use the laws governing independent, complementary and mutually exclusive events. 


Determine theoretical and experimental probabilities. 


Use simulations (e.g. six sided spinners, random number generators in calculators or computers) for comparing experimental results





Assessment Criteria 


On completion of this section you will be able to:


Experiments and simulations are chosen and/or designed appropriately in terms of the situation to be modelled.  (S0 2, AC 1) 


Predictions are based on validated experimental or theoretical probabilities. (SO 2, AC 2)


The results of experiments and simulations are interpreted correctly in terms of the real context.  (SO 2, AC 3) 


The outcomes of experiments and simulations are communicated clearly. (SO 2, AC 4)
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Specific Outcome 


On completion of this section you will be able to critically interrogate and use probability and statistical models. e.g. 


Source and interpret information from a variety of sources including databases. 


Manipulate data in different ways to support opposing conclusions. 


Evaluate statistically based arguments and make recommendations and describe the use and misuse of statistics in society. 


Make inferences about a population on the basis of a sample selected from it. 


Make comparisons between predictions and actual occurrences. 





Assessment Criteria 


On completion of this section you will be able to:


Statistics generated from the data are interpreted meaningfully and interpretations are justified or critiqued. (SO 3, AC 1)


Assumptions made in the collection or generation of data and statistics are defined or critiqued appropriately. (SO 3, AC 2)


Tables, diagrams, charts and graphs are used or critiqued appropriately in the analysis and representation of data, statistics and probability values. (SO 3, AC 3)


Predictions, conclusions and judgements are made on the basis of valid arguments and supporting data, statistics and probability models. (SO 3, AC 4)


Evaluations of the statistics identify potential sources of bias, errors in measurement, potential uses and misuses and their effects. (SO 3, AC 5)


Any shortages or damages are immediately reported to designated personnel. (SO 3, AC 6)
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Plummet 	Increase


Peak 	Soar


Rocket 	Fluctuate


Level out 	Drop


Decrease 	Decline


Rise 	Fall





Slightly 	Slowly 	Sharply


Rapidly 	Steadily 	Gradually 
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