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4.1: Solving Equations  
 
One key skill that is needed in statistics is the ability to solve equations. In Math 52, we used the box 
method as well as an algebraic method. Many of the problems relate to equations like this: 
 

bmxy   or 




x

z  

 
The first equation, bmxy  , is used with lines. Remember that m represents the slope or the rate of 
change, and b represents the y-intercept.  
 

The second equation, 




x

z , is used when normalizing data in statistics. While we may not even 

know what that means at this stage, the skill we need is not understanding the equation but knowing 
how to solve it.  
 
Example (1):  Solve 72  xy  when… 

A) x = 7 B) y = 4 
 
Solution:   

A) Since 72  xy ,  just substitute in the x = 7.  

  2171477272  yyyxy  
 
B) Since 72  xy ,  just substitute in the y = 4.  

72472  xxy . We want to get x by itself, so next we can subtract 7 on each side 
and then divide by 2 on both sides.  

5.1
2

3
23274724  xxxx  

 
EXPLORE (1)!  Solve for the missing piece in the equation 53  xy  if we know… 

A) x = – 6 
 
 
 
 
 
 
 

B) x = 11 
 
 
 
 
 
 

 
C) y = 10 

 
 
 
 
 
 
 

D) y = –11 
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Example (2):  Solve 
2

11


x
z  when… 

A) x = 7 B) z = 4 
 
Solution:   

A) Since 
2

11


x
z ,  just substitute in the x = 7.  

2
2

4

2

117

2

11









 zz

x
z  

 

B) Since 
2

11


x
z ,  just substitute in the z = 4.  

2

11
4




x
. We want to get x by itself, so next we can multiply by 2 on each side and then add 

11 on both sides.  

xxx
xx







 




 1911111181182
2

11
24

2

11
4  

 

EXPLORE (2)!  Solve the equation 
5.1

5.7


x
z  if we know… 

A) x = 6 
 
 
 
 
 
 
 
 

B) x = 0 
 
 
 
 
 
 
 

C) z = 10 
 
 
 
 
 
 
 
 

D) z = –3 
 
 
 
 
 
 
 

 

EXPLORE (3)!  Solve the equation 
5.1

11 
z  if we know… 

A) μ = 6 
 
 
 
 

B) z = 4 
 
 
 

In statistics, it’s imperative to be able to read charts and tables like what we’ve seen in this class.  
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In this table you can look up a z-number on the outside and find a value in the body of the table.  
 
Example (3):  What is the value associated with a z-score of 1.47? 
 
Solution:  Look up 1.4 on the left column, then move in until you get to 0.07 and the result is 0.9292.  
 
EXPLORE (4)!  Find the values from the table: 
 

A) What is the value associated with a z-score of: 
i. 2.15 ii. 0.43 iii. 1.87 

 
 
 

B) What z-score links with a body-value of… 
i. 0.9830 ii. 0.9656 iii. 0.6141 
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Another equation that comes up in statistics helps to explain the error.  









n
zE



2

 

In the formula, n represents the number of people in the sample while E is the error, and the
2

z  

portion is found using the table above. The level of confidence is called α, and is often 90%, 95%, or 
99%. Here’s how you use it:  take the level of confidence and divide it by 2. Then add 50% to that 
result. Look up that number in the body of the table. If the number is between two values, then 
choose the value that is halfway between.  
 
Example (4):  Find the 

2

z  corresponding to a confidence level of 90%.  

Solution:  Take 90% and divide by 2:  45%. Add 50% to get 95%. Look up 95% = 0.9500 in the 
table. It’s between 0.9495 (1.64) and 0.9505 (1.65), so we pick the value halfway between:  1.645.   
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EXPLORE (5)!  Find the 
2

z  corresponding to: 

A) 95% B) 99%  
 
 
 
 
 
 
 
 
 

Example (5):  Solve 









n
zE



2

 if we know the level of confidence is 95%, 4.12 , and n = 850, 

find the value of E.  
 
Solution:  For 95%, the 96.1

2

z . Plug in all the values and grab that calculator! 

  0.83362
850

4.12
96.1

2


















 E

n
zE


 .  

 
 
 
 
We could also solve this formula for n if we know the values of everything else.  
 
 

Example (6):  Solve 









n
zE



2

 if we know the level of confidence is 99%, 7.17 , and E = 

0.48, find the value of n.  
 
 
Solution:  For 99%, the 575.2

2

z . Plug in all the values and grab that calculator! 

  



























nnn
zE

7.17

575.2

48.07.17
575.248.0

2


   Since the variable we want is on the 

bottom, we can use our proportion skills from Math 52.  
 

     
9016.0959

48.0

7.17575.2

48.0

7.17575.2
7.17575.248.0

7.17

575.2

48.0
2
















 nnn

n
So there were about 9,016 people in the survey.  
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EXPLORE (6)!  Solve these equations for the missing piece in 









n
zE



2

.  

A) the level of confidence is 95%, 68.9 , and n = 611 
 
 
 
 
 
 
 
 
 
 

B) the level of confidence is 95%, 68.19 , and E = 0.775 
 
 
 
 
 
 
 
 
 
 
 

C) the level of confidence is 90%, 44.5 , and E = 0.325 
 
 
 
 
 
 
 
 
 
 
 

D) the level of confidence is 90%, 544n , and E = 0.325 
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4.2: Lines and Applications  
 
The following graph shows the relationship between a trip in miles (the x-axis) and the cost in dollars 
(the y-axis) for a taxi company. Draw a line that fits the data well on the graph.  
 

 
 
Interactive Example (1):  Find the y-intercept and the slope. Use these to create the equation of the 
cost. Then use the equation to find the cost of a 25 mile cab ride.  
 
 
 
 
 
 
EXPLORE (1)!  Refer to the previous graph: 
 

A) In the previous problem, what does the slope of the line represent? 
 
 
 
 

B) What does the y-intercept of the line represent? 
 
 
 
 

C) Use a sentence to explain what the point (14, 41.45) represents related to this problem.  
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EXPLORE (2)!  Above are prices of a Ford Mustang found on TrueCar. The y-axis has the price in 
dollars and the x-axis has the model years after 1997.  
 

A) Draw the line above that best represents the data.  
 

B) Use the line to find the slope and y-intercept. Interpret each of them in the context of the 
graph.  
 
 
 
 
 
 

C) Create a linear equation using the information you found in the previous part.  
 
 
 
 
 

D) Use your linear equation to approximate the cost of a 2006 Ford Mustang.  
 
 
 
 

E) Use your linear equation to approximate the cost of a 2020 Ford Mustang.  
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When you have graphed the line, you may see a positive slope or a negative slope. This slope 
indicates that there is a positive relationship between the variables (as one increases, so does the 
other). If there is a negative slope, then there is a negative relationship between the variables (as one 
increases, the other decreases).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EXPLORE (3)!  Uber prices for trips based on mileage are given above. Create a line that is the best 
fit for these even though it won’t be a perfect fit.  
 

A) Draw the line above that best represents the data.  As the miles go up, the cost ___________? 
 

B) Use the line to find the slope and y-intercept. Interpret each in the context of the graph.  
 
 
 
 
 
 

C) Create a linear equation using the information you found in the previous part.  
 
 
 

D) Use your linear equation to approximate the cost of a 4 mile trip with Uber.  
 
 
 

E) Use your linear equation to approximate the cost of a 20 mile trip with Uber.  
 
 
 

F) Are you more confident with your estimate for the 4 mile or 20 mile trip? Explain.   
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Example (2):  For the following scatterplot, draw a line and create the equation of the line as a 
function. Then interpret the slope of the line with a sentence.  

  
 

The y-intercept is close to 80, so let’s approximate as 79 for the point (0,79). Another point is (6,55). 

So we’ll have to find the slope:  y-value decreases by 24 and x-value increases by 6. 4
6

24



m .  

Our function would be:   794  xxHR  where HR is beats per minute and x is hours of exercise 
per week. The slope means that for each additional hour of exercise that you do per week, your 
resting heart rate will go down by 4 beats per minute.  
 
EXPLORE (4)!  Try some of your own. Draw a line – create a function – interpret the slope and y-
intercept for both.  
 

A) ** 
  
 
 
 
 
 
 
 
 
 
 

B)  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Follow up:  Based on your model in part (B), predict the height of someone weighing 125 lbs? 

     20          40         60        80       100 
Weight (in pounds) 

 
40 

 
 

30 
 
 

20 
 
 

10 

H
ei

gh
t (

in
 in

ch
es

) 

  1    2    3     4    5    6    7     8    9   10   11  12 
Age of car (in years) 

 

10 
 
 
 
 
 

8 
 
 
 
 
 
 

6 
 
 
 
 
 

4 
 
 
 

2 
 

V
al

ue
 o

f 
ca

r 
 

(t
ho

us
an
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 o

f 
do
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rs

) 

Value of a Car by Age 

R
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e 
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P

M
) 

Hours of exercise per week 
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4.3 Basics of Statistics – Weighted Averages 
 
 

As we are preparing you for statistics, there are certain statistical concepts that are fairly basic and 
some that you’ve possibly already seen. For us, we’ll be thinking of descriptive statistics – meaning 
that we will get some data and just describe what’s going on with it. Later in your coursework, you 
may be asked to deal with inferential statistics – which is where we look at the data and try to figure 
out some additional information, or possibly predict what would happen in other situations.  
 
In order to describe information, or data, we may want to see what is happening on average. 
However, the word average is problematic because there are different interpretations of average. The 
3 most popular meanings are: 

 The middle value. Mathematicians call this the median, and there can be only one. In order to 
find the median, we need to put the data in order (big to small, or small to big).  

 The value occurring the most. Mathematicians call this the mode, and there can be more than 
one.   

 The sum of all the numbers (data) divided by the number of data values. Mathematicians call 
this the mean, and there can be only one.  

 
Example (1):  Find the mean, median, and mode of:  5, 8, 7, 11, 11, 9, 8, and 11.  
 
Solution:   

 Mode:  The mode here is 11 because it occurs more than any other data value.  
 Median:  First, put the numbers in order:  5, 7, 8, 8, 9, 11, 11, 11. The middle number would 

be between the 8 and the 9, so we just find halfway between these.  5.8
2

17

2

98



. For our 

data set, half the numbers will be above 8.5 and half will be below 8.5.  
 Mean:  To find the mean, add up all the data values. Then divide by 8 because there are 8 

numbers. It looks a little strange, but the formula we use is 
n

x
x


 . x  is a shorthand way of 

saying “add up all the numbers.”  Here, 75.8
8

70

8

11891111785



x . 

 
 
EXPLORE (1)!  Try some on your own – find the mean, median, and mode. 
 

A) 18, 10, 6, 18 B) 18, 10, 6, 18, 50  
 
 
 
 
 
 

C)   Pop up your computers and find the mean, median, and mode for:  12, 12, 14, 15, 18, 18, 
19, 20, 21, 23, 11, 16, 18, 23, 31, 14, 20, 18, 12.  
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There are some interesting applications of these principles. See if you can interpret these ideas. 
 
Interactive Examples (2): 
 

A) The median price of a home in Carlsbad is $550,000. Interpret this with a sentence. 
 
 
 
 

B) The mode of the home prices in Carlsbad is $389,000. Interpret this with a sentence. 
 
 
 
 
 

C) The mean price of a home in Carlsbad is $780,000. Interpret this with a sentence. 
 
 
 
 
 

D) How could the mean be higher than the median?  Explain.  
 
 
 
 
 
 

E) In a recent classified ad, jobs at a fast food establishment were posted. The average hourly 
rate for the store was $26 per hour. Does this seem like a good place to work (based on the 
wage)? Explain – and include what “average” you think was used in the ad.  

 
 
 
 
 
 
 
 

F) If a store had 35 employees making $9 per hour, 3 supervisors make $50 per hour, a general 
manager making $200 per hour, and an owner making $375 per hour. What is the mean rate 
of pay? Does this example change your response to the previous part? 
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The last example on the previous page was an example of a weighted average. This is where there are 
many data values at one number and adding those up is easier to do with multiplication.  
 

Score on Quiz 6 7 8 9 10 
Number of Students 2 5 7 4 2 
 
To find the mean score on the quiz with the information above, we need to find the sum of all the scores. 
Instead of adding 6 + 6 + 7 + 7 + 7 + 7 + 7 + 8 + 8 + ….   (which is really long), let’s do some 
multiplication!   
 

         
95.7

20

159

20

21049785726



x . This is much faster than doing all that addition! 

 
 
 
Interactive Example (3):  Find the mean score on the quiz. 
 

Score on Quiz 6 7 8 9 10 
Number of Students 2 8 17 5 3 
 
 
 
 
We also saw weighted averages when computing expected value in a previous unit.  
 
For roulette, we saw the expected value of a 2 number bet on a standard 00 wheel – we could create a table 
of outcomes. For a $1 bet, this pays out at 17:1 so the table looks like: 
 

Option Number of ways Value 
Win 2 $17 
Lose 36 $ – 1 

 
Example (4):  Find the weighted average of this bet. 
 

Solution:  
   

0.052632$
38

2

38

1$3617$2






x  

 
So considering all options, the weighted average becomes exactly the same idea as Expected Value from 
the probability unit.  
 
EXPLORE (2)!  Find the weighted average (expected value) of a standard (00-wheel) roulette bet of: 

A) 3 numbers (pays 11:1) 
 
 

B) 12 numbers (pays 2:1) 
 
 

 
C) Red – covers 18 numbers (pays 1:1) 
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Weighted averages also come up when calculating grades. GPA is a weighted grade point average. Each 
credit earns a grade, and those are averaged with the mean.  
 
Interactive Example (5):  Calculate the GPA for the student below.  
 

Class Credits Grade (letter) Grade (points) Quality Points 

Math 4 B 3.0  

English 3 C 2.0  

Chemistry 4 A 4.0  

Yoga 1 D 1.0  

Totals     

 

A) Calculate the GPA:  
Credits

PointsQuality  of Sum
GPA  

 
 
 
Once this is done for a term, we could keep track of Quality Points and Credits, then calculate an overall 
GPA. Each term, you will have both: term GPA and overall GPA.  
 

B) What happens to a student who has the same letter grades, but in different classes? Will their GPA 
be the same? 

 
 
 
 
EXPLORE (3)! Calculate the GPA for the student below.  
 

Class Credits Grade (letter) Grade (points) Quality Points 

Math 4 B 3.0  

English 3 C 2.0  

Chemistry 4 D 1.0  

Yoga 1 A 4.0  

Totals     

 

A) Calculate the GPA:  
Credits

PointsQuality  of Sum
GPA  

 
B) If you were going to get a low grade, explain what class you want to get the low grade in?  
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4.4: Likelihood Analysis  
 
Previously in the probability section, there was a problem related to flipping a coin 100 times and counting 
heads and tails. If we repeat the experiment over and over again (each experiment has coin flipped 100 
times), then the experimental probability keeps going.  
 
The excel spreadsheet on sent out by your instructor was made to mimic this and display the results. Open 
that spreadsheet and discuss the results. The graphs are listed below.  
 
One coin being flipped 100 times results in one trial where the number of heads was counted. Then Scott 
used the computer to perform 2,000 trials, and each trial records the number of heads that showed up in the 
100 coin flips. In total, this would be 200,000 coin flips which is really challenging to perform by hand!  
 

 
 
EXPLORE (1)!   

A) Based on the picture, how likely is it that you end up with 50 heads exactly?   
 
 
 

B) Would you consider this likely or not?   
 
 
 

C) Is it the most likely event in the experiment?  
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EXPLORE (2)! When we have a set of trials and the data to this point, it is sometimes helpful to find the 
cumulative percentages – which means we add up the totals for certain points.  
 
For each of the dark outlined boxes, find the sum of all the percentages up to that point. The first is done 
for you.  
 

Number of Heads in a 
Trial of 100 coin flips 

Percentage of All 
Trials 

Cumulative percentages 

34 0.00%  
35 0.25%  
36 0.35%  
37 0.30%  
38 0.50% 1.4% 
39 0.35%  
40 1.15%  
41 1.45%  
42 2.65%  
43 2.90%  
44 4.05%  
45 6.00%  
46 5.25%  
47 6.25%  
48 6.55%  
49 7.80%  
50 8.00%  
51 7.60%  
52 7.35%  
53 6.35%  
54 5.90%  
55 5.35%  
56 3.30%  
57 3.45%  
58 2.00%  
59 1.70%  
60 0.85%  
61 0.95%  
62 0.65%  
63 0.40%  
64 0.25%  
65 0.05%  
66 0.05%  
67 0.00%  
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We can view a graph of the data using individual percentages (below).  

 
 
We can also view a graph of the data using cumulative percentages (below).  

 
 
EXPLORE (3)!  What is the probability of flipping 100 coins and obtaining… 
 

A) 47 or fewer heads 
 
 
 

B) Exactly 47 heads 
 

C) 62 heads or more 
 
 
 

D) Exactly 62 heads.  
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EXPLORE (4)!  Remember that about 5% was where we thought an event was “strange” in the probability 
unit.   
 

A) If we used the full 5% on the bottom end, where would you say it is “rare” to have the outcome? 
 
 
 
 
 

B) If we used the full 5% on the top end, where would you say it is “rare” to have the outcome? 
 
 
 
 
 

C) If we think of it this way, and cut it in half (some above some below), we’d have 2.5% on the top 
end and 2.5% on the bottom end. Using the previous charts, where would you say it is “rare” to 
have the outcome? 

 
 
 
 
 
EXPLORE (5)!  Relate these back to the coin flipping from the previous few pages.  
 

A) If someone says that they flipped a coin 100 times and ended with 46 heads, does this seem 
reasonable? Explain why or why not and link this to the likelihood it will happen.  

 
 
 
 
 
 

B) If someone says that they flipped a coin 100 times and ended with 38 heads, does this seem 
reasonable?Explain why or why not and link this to the likelihood it will happen.  
 
 
 
 
 
 

C) If someone says that they flipped a coin 100 times and ended with more than 55 heads, does this 
seem reasonable? Explain why or why not and link this to the likelihood it will happen.  
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In a statistics class, the notation is often used as P(X) which represents the probability of a random 
variable X. If we let X represent the number of heads that are flipped out of 100 coin flips, then  50XP  
would represent the probability that we will flip 50 heads out of 100 coins. Using the tables on the previous 

charts,   0.08
000,2

160
50 XP . In a sentence, we would say that the probability of flipping 100 coins 

and getting 50 heads is about 8%.  
 
 
EXPLORE (6)!  Determine the values of the following based on the coin flipping examples and interpret 
the result with a sentence. Use the appropriate table from this section. 
 

A) **  52XP  
 
 
 
 
 
 
 
 
 
 

B)  40XP  
 
 
 
 
 
 
 
 
 
 

C)  40XP  
 

D) **  39XP  
 
 
 
 
 
 
 
 
 
 

E)  60XP  
 
 
 
 
 
 
 
 
 
 

F)  55XP  
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4.5: Critical Thinking with Numbers – Simpson’s Paradox 
 
As we get closer to statistics, the ability to work with numbers remains important, but what will become 
even more important is the ability to interpret the results. We conclude with an example showing the 
importance of interpretation. 
 
In 1973, the University of California, Berkeley was sued for gender bias. Here is the main reason for the 
suit: there were more men applying to graduate school, but they were being accepted at a higher rate. The 
difference was so high (~10%) that it was claimed this was unlikely to be due to chance.  
 

 Applicants Admitted 
Men 8442 44% 

Women 4321 35% 
 

When you look at the big picture like this, one conclusion can be made – those admitting students were 
biased against women. However, it was important to notice that this is the big picture and rates should be 
considered for individual departments. The individual department data shows a much different picture.  
 

Department 
Men Women 

Applicants Admitted Applicants Admitted 

A 825 62% 108 82% 

B 560 63% 25 68% 

C 325 37% 593 34% 

D 417 33% 375 35% 

E 191 28% 393 24% 

F 272 6% 341 7% 
 

The interesting thing here is that the specific data actually shows many departments had a bias in favor of 
women. This type of phenomenon is known as Simpson’s Paradox, and occurs when one group appears 
better in multiple smaller cases, yet when combined, the other group appears better.  
 

This exact idea has been found in sports as well – baseball is a great example!  In baseball, a player obtains 
a batting average determined by their hits divided by at-bats, then rounded to 3 decimal places. For 
example, if you had 27 hits in 79 at bats, your batting average would be 

0.26648...0.26582278
79

21
BA  .  

 

Ken Ross (University of Oregon) wrote a book about Math and Baseball showing another example.  In 
1995 and 1996, Derek Jeter and David Justice both played Major League Baseball (MLB).  
Here are their individual batting averages: 
 

 1995 1996 
Derek Jeter 12 out of 48 0.250 183 out of 582 0.314 

David Justice 104 out of 411 0.253 45 out of 140 0.321 
 

If we thought about combing those together, who do you feel should have the higher batting average? 
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Well, it sure seems that David Justice should have the higher batting average since he had the higher 
batting average in both 1995 and 1996. Let’s just check and see: 
 

 1995  1996  Combine
d 

 

Derek Jeter 
48

12
 0.250 

582

183
 0.314 

630

195
 0.310 

David Justice 
411

104
 0.253 

140

45
 0.321 

551

149
 0.270 

 
Was this what you expected – or the opposite?  To think that someone wins a head-to-head battle in each 
year but loses overall, by quite a bit actually, is counter-intuitive. This is why we need the ability to look 
deeper and not take things at face value.  
 
 
EXPLORE (1)!  Determine the correct answer to the following question. In a school district, there are two 
high schools. In the first high school, the graduation rate of girls is higher than the graduation rate of boys. 
In the second high school, the graduation rate of girls is also higher than the graduation rate of boys. Does 
it follow that the graduation rate of girls for the district is higher than boys?  (circle your choice) 
 

A) For the whole district, the graduation rate of girls is higher than the graduation rate of boys.  
B) For the whole district, the graduation rate of girls is lower than the graduation rate of boys.  
C) For the whole district, the graduation rate of girls is the same as the graduation rate of boys.  
D) There is not enough information to determine which rate is higher.  

 
 
For more information about Simpson’s Paradox and the mathematics behind it, see the article below: 
http://www.ima.umn.edu/~jberwald/research/Syn_bandyopadhyay.pdf  
Page 18 of this article shows the example above with the graduation rates.  
 
 
EXPLORE (2)!  In the article above, the authors indicated that (A) was the most likely choice. Look up 
the answers to these questions in the pdf link above.  

 What percent answered (A) in their survey of philosophy students?   
o Between 60% and 70% 
o Between 70% and 80% 
o Between 80% and 90% 
o Between 90% and 100% 

 
 What percent answered (D)? 

o Between 0% and 5% 
o Between 5% and 10% 
o Between 10% and 15% 
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4.6: Wrap-up and Review 
 
Key concepts in the courses: 

 Gaining an appreciation for number sense 
 Solving linear equations 
 Graphing lines and using slope and intercept to interpret the relationships between input and output 
 Likelihood and probability 
 Expected values and weighted averages 
 Relationships using Venn diagrams 
 Understanding conditional statements and using correct reasoning for arguments 
 Financial awareness and the basics of investing, borrowing, and saving for retirement 
 A clear understanding of the time-value of money 
 Using tables, charts, graphs, and formulas to solve problems 
 Being comfortable with a computer for data entry (and financial predictions) 
 Through repeated problem types, seeing that there is often more than one way to solve a problem 
 Gaining more confidence in computation, interpretation, and understanding the concepts and 

usefulness of mathematics 
 
 
 
You made it! Thank you for taking this mathematical journey with us. Remember that you are in charge of 
how you approach a problem – there often is more than one way to solve it! Always ask why when you 
don’t understand; there is a reason why we do things in math and statistics.  
 
Math is not your enemy and maybe even some times it is your friend. Math can help show you how to save 
money for your future, think critically and logically, and predict risk with probability. We hope that you 
found the information useful for future classes as well as in everyday life. And maybe, just maybe, you had 
a little fun in the process.  
 
While it may be a goal for you to enjoy math more, we will be very happy if you hate math less. Now, go 
out and rock that statistics class. YOU CAN DO IT!   
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