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The "center" of a data set is also a way of describing location. The two most widely used measures of the "center" of the data are the mean (average) and the median . To calculate the mean weight of 50 people, add the 50 weights together and divide by 50. To find the median weight of the 50 people, order the data and find the number that splits the data into two equal parts. The median is generally a better measure of the center when there are extreme values or outliers because it is not affected by the precise numerical values of the outliers. The mean is the most common measure of the center.
The words “mean” and “average” are often used interchangeably. The substitution of one word for the other is common practice. The technical term is “arithmetic mean” and “average” is technically a center location. However, in practice among non-statisticians, “average" is commonly accepted for “arithmetic mean.”
When each value in the data set is not unique, the mean can be calculated by multiplying each distinct value by its frequency and then dividing the sum by the total number of data values. The letter used to represent the sample mean is an \(x\) with a bar over it (pronounced “\(x\) bar”): \(\overline{x}\).
The Greek letter \(\mu\) (pronounced "mew") represents the population mean . One of the requirements for the sample mean to be a good estimate of the population mean is for the sample taken to be truly random.
To see that both ways of calculating the mean are the same, consider the sample:
1; 1; 1; 2; 2; 3; 4; 4; 4; 4; 4
\[\bar{x} = \dfrac{1+1+1+2+2+3+4+4+4+4+4}{11} = 2.7\]
In the second calculation, the frequencies are 3, 2, 1, and 5.
You can quickly find the location of the median by using the expression
\[\dfrac{n+1}{2}\]
The letter \(n\) is the total number of data values in the sample. If \(n\) is an odd number, the median is the middle value of the ordered data (ordered smallest to largest). If \(n\) is an even number, the median is equal to the two middle values added together and divided by two after the data has been ordered. For example, if the total number of data values is 97, then
\[\dfrac{n+1}{2} = \dfrac{97+1}{2} = 49.\]
The median is the 49 th value in the ordered data. If the total number of data values is 100, then
\[\dfrac{n+1}{2} = \dfrac{100+1}{2} = 50.5.\]
The median occurs midway between the 50 th and 51 st values. The location of the median and the value of the median are not the same. The upper case letter \(M\) is often used to represent the median. The next example illustrates the location of the median and the value of the median.
Example \(\PageIndex{1}\)
AIDS data indicating the number of months a patient with AIDS lives after taking a new antibody drug are as follows (smallest to largest):
3; 4; 8; 8; 10; 11; 12; 13; 14; 15; 15; 16; 16; 17; 17; 18; 21; 22; 22; 24; 24; 25; 26; 26; 27; 27; 29; 29; 31; 32; 33; 33; 34; 34; 35; 37; 40; 44; 44; 47
Calculate the mean and the median.
The calculation for the mean is:
\[\bar{x} = \dfrac{[3+4+(8)(2)+10+11+12+13+14+(15)(2)+(16)(2)+...+35+37+40+(44)(2)+47]}{40} = 23.6\]
\[\dfrac{n+1}{2} = \dfrac{40+1}{2} = 20.5\]
Starting at the smallest value, the median is located between the 20 th and 21 st values (the two 24s):
\[M = \dfrac{24+24}{2} = 24\]
Example \(\PageIndex{2}\)
Suppose that in a small town of 50 people, one person earns $5,000,000 per year and the other 49 each earn $30,000. Which is the better measure of the "center": the mean or the median?
\[\bar{x} = \dfrac{5,000,000+49(30,000)}{50} = 129,400\]
\(M = 30,000\)
(There are 49 people who earn $30,000 and one person who earns $5,000,000.)
The median is a better measure of the "center" than the mean because 49 of the values are 30,000 and one is 5,000,000. The 5,000,000 is an outlier. The 30,000 gives us a better sense of the middle of the data.
Another measure of the center is the mode. The mode is the most frequent value. There can be more than one mode in a data set as long as those values have the same frequency and that frequency is the highest. A data set with two modes is called bimodal.
Example \(\PageIndex{3}\)
Statistics exam scores for 20 students are as follows:
50; 53; 59; 59; 63; 63; 72; 72; 72; 72; 72; 76; 78; 81; 83; 84; 84; 84; 90; 93
Find the mode.
The most frequent score is 72, which occurs five times. Mode = 72.= 7.
Example \(\PageIndex{4}\)
Five real estate exam scores are 430, 430, 480, 480, 495. The data set is bimodal because the scores 430 and 480 each occur twice.
When is the mode the best measure of the "center"? Consider a weight loss program that advertises a mean weight loss of six pounds the first week of the program. The mode might indicate that most people lose two pounds the first week, making the program less appealing.
The mode can be calculated for qualitative data as well as for quantitative data. For example, if the data set is: red, red, red, green, green, yellow, purple, black, blue, the mode is red.
Statistical software will easily calculate the mean, the median, and the mode. Some graphing calculators can also make these calculations. In the real world, people make these calculations using software.
The Law of Large Numbers and the Mean
The Law of Large Numbers says that if you take samples of larger and larger size from any population, then the mean \(\bar{x}\) of the sample is very likely to get closer and closer to \(\mu\). This is discussed in more detail later in the text.
Sampling Distributions and Statistic of a Sampling Distribution
You can think of a sampling distribution as a relative frequency distribution with a great many samples. (See Sampling and Data for a review of relative frequency). Suppose thirty randomly selected students were asked the number of movies they watched the previous week. The results are in the relative frequency table shown below.
If you let the number of samples get very large (say, 300 million or more), the relative frequency table becomes a relative frequency distribution .
A statistic is a number calculated from a sample. Statistic examples include the mean, the median and the mode as well as others. The sample mean \(\bar{x}\) is an example of a statistic which estimates the population mean \(\mu\).
Calculating the Mean of Grouped Frequency Tables
When only grouped data is available, you do not know the individual data values (we only know intervals and interval frequencies); therefore, you cannot compute an exact mean for the data set. What we must do is estimate the actual mean by calculating the mean of a frequency table. A frequency table is a data representation in which grouped data is displayed along with the corresponding frequencies. To calculate the mean from a grouped frequency table we can apply the basic definition of mean:
\[mean = \dfrac{\text{data sum}}{\text{number of data values}}.\]
We simply need to modify the definition to fit within the restrictions of a frequency table.
Since we do not know the individual data values we can instead find the midpoint of each interval. The midpoint is
\[\dfrac{\text{lower boundary+upper boundary}}{2}.\]
We can now modify the mean definition to be
\[\text{Mean of Frequency Table} = \dfrac{\sum{fm}}{\sum{f}}\]
where \(f\) is the frequency of the interval and \(m \) is the midpoint of the interval.
Example \(\PageIndex{5}\)
A frequency table displaying professor Blount’s last statistic test is shown. Find the best estimate of the class mean.
	Find the midpoints for all intervals
	Calculate the sum of the product of each interval frequency and midpoint. \(\sum{fm} 53.25(1) + 59.5(0) + 65.5(4 )+ 71.5(4) + 77.5(2) + 83.5(3) + 89.5(4) + 95.5(1) = 1460.25\)
	\(\mu = \dfrac{\sum{fm}}{\sum{f}} = \dfrac{1460.25}{19} = 76.86\)

WeBWorK Problems
Query \(\PageIndex{1}\)
Query \(\PageIndex{2}\)
Query \(\PageIndex{3}\)
Query \(\PageIndex{4}\)
Query \(\PageIndex{5}\)
Query \(\PageIndex{6}\)
Query \(\PageIndex{7}\)
	Data from The World Bank, available online at http://www.worldbank.org (accessed April 3, 2013).
	“Demographics: Obesity – adult prevalence rate.” Indexmundi. Available online at http://www.indexmundi.com/g/r.aspx?t=50&v=2228&l=en (accessed April 3, 2013).

The mean and the median can be calculated to help you find the "center" of a data set. The mean is the best estimate for the actual data set, but the median is the best measurement when a data set contains several outliers or extreme values. The mode will tell you the most frequently occuring datum (or data) in your data set. The mean, median, and mode are extremely helpful when you need to analyze your data, but if your data set consists of ranges which lack specific values, the mean may seem impossible to calculate. However, the mean can be approximated if you add the lower boundary with the upper boundary and divide by two to find the midpoint of each interval. Multiply each midpoint by the number of values found in the corresponding range. Divide the sum of these values by the total number of data values in the set.
Formula Review
\[\mu = \dfrac{\sum{fm}}{\sum{f}} \]
where \(f\) = interval frequencies and \(m\) = interval midpoints.
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	Andrew MacMillan, David Preston, Jessica Wolfe, & Sandy Yu
	University of Michigan

Statistics is a field of mathematics that pertains to data analysis. Statistical methods and equations can be applied to a data set in order to analyze and interpret results, explain variations in the data, or predict future data. A few examples of statistical information we can calculate are:
	Average value (mean)
	Most frequently occurring value (mode)
	On average, how much each measurement deviates from the mean (standard deviation of the mean)
	Span of values over which your data set occurs (range), and
	Midpoint between the lowest and highest value of the set (median)

Statistics is important in the field of engineering by it provides tools to analyze collected data. For example, a chemical engineer may wish to analyze temperature measurements from a mixing tank. Statistical methods can be used to determine how reliable and reproducible the temperature measurements are, how much the temperature varies within the data set, what future temperatures of the tank may be, and how confident the engineer can be in the temperature measurements made. This article will cover the basic statistical functions of mean, median, mode, standard deviation of the mean, weighted averages and standard deviations, correlation coefficients, z-scores, and p-values.
What is a Statistic?
In the mind of a statistician, the world consists of populations and samples. An example of a population is all 7th graders in the United States. A related example of a sample would be a group of 7th graders in the United States. In this particular example, a federal health care administrator would like to know the average weight of 7th graders and how that compares to other countries. Unfortunately, it is too expensive to measure the weight of every 7th grader in the United States. Instead statistical methodologies can be used to estimate the average weight of 7th graders in the United States by measure the weights of a sample (or multiple samples) of 7th graders.
Parameters are to populations as statistics are to samples.
A parameter is a property of a population. As illustrated in the example above, most of the time it is infeasible to directly measure a population parameter. Instead a sample must be taken and statistic for the sample is calculated. This statistic can be used to estimate the population parameter. (A branch of statistics know as Inferential Statistics involves using samples to infer information about a populations.) In the example about the population parameter is the average weight of all 7th graders in the United States and the sample statistic is the average weight of a group of 7th graders.
A large number of statistical inference techniques require samples to be a single random sample and independently gathers. In short, this allows statistics to be treated as random variables. A in-depth discussion of these consequences is beyond the scope of this text. It is also important to note that statistics can be flawed due to large variance, bias, inconsistency and other errors that may arise during sampling. Whenever performing over reviewing statistical analysis, a skeptical eye is always valuable.
Statistics take on many forms. Examples of statistics can be seen below.
Basic Statistics
When performing statistical analysis on a set of data, the mean, median, mode, and standard deviation are all helpful values to calculate. The mean, median and mode are all estimates of where the "middle" of a set of data is. These values are useful when creating groups or bins to organize larger sets of data. The standard deviation is the average distance between the actual data and the mean.
Mean and Weighted Average
The mean (also know as average), is obtained by dividing the sum of observed values by the number of observations, n . Although data points fall above, below, or on the mean, it can be considered a good estimate for predicting subsequent data points. The formula for the mean is given below as Equation \ref{1}. The excel syntax for the mean is AVERAGE(starting cell: ending cell).
\[\bar{X}=\frac{\sum_{i=1}^{i=n} X_{i}}{n} \label{1} \]
However, equation (1) can only be used when the error associated with each measurement is the same or unknown. Otherwise, the weighted average, which incorporates the standard deviation, should be calculated using equation (2) below.
\[X_{w a v}=\frac{\sum w_{i} x_{i}}{\sum w_{i}} \label{2} \]
where \[w_{i}=\frac{1}{\sigma_{i}^{2}}\nonumber \] and \(x_i\) is the data value.
The median is the middle value of a set of data containing an odd number of values, or the average of the two middle values of a set of data with an even number of values. The median is especially helpful when separating data into two equal sized bins. The excel syntax to find the median is MEDIAN(starting cell: ending cell).
The mode of a set of data is the value which occurs most frequently. The excel syntax for the mode is MODE(starting cell: ending cell).
Considerations
Now that we've discussed some different ways in which you can describe a data set, you might be wondering when to use each way. Well, if all the data points are relatively close together, the average gives you a good idea as to what the points are closest to. If on the other hand, almost all the points fall close to one, or a group of close values, but occasionally a value that differs greatly can be seen, then the mode might be more accurate for describing this system, whereas the mean would incorporate the occasional outlying data. The median is useful if you are interested in the range of values your system could be operating in. Half the values should be above and half the values should be below, so you have an idea of where the middle operating point is.
Standard Deviation and Weighted Standard Deviation
The standard deviation gives an idea of how close the entire set of data is to the average value. Data sets with a small standard deviation have tightly grouped, precise data. Data sets with large standard deviations have data spread out over a wide range of values. The formula for standard deviation is given below as Equation \ref{3}. The excel syntax for the standard deviation is STDEV(starting cell: ending cell).
\[\sigma=\sqrt{\frac{1}{n-1} \sum_{i=1}^{i=n}\left(X_{i}-\bar{X}\right)^{2}} \label{3} \]
Side Note: Bias Estimate of Population Variance
The standard deviation (the square root of variance) of a sample can be used to estimate a population's true variance. Equation \ref{3} above is an unbiased estimate of population variance. Equation \ref{3.1} is another common method for calculating sample standard deviation, although it is an bias estimate. Although the estimate is biased, it is advantageous in certain situations because the estimate has a lower variance. (This relates to the bias-variance trade-off for estimators.)
\[\sigma_{n}=\sqrt{\frac{1}{n} \sum_{i=1}^{i=n}\left(X_{i}-\bar{X}\right)^{2}} \label{3.1} \]
When calculated standard deviation values associated with weighted averages, Equation \ref{4} below should be used.
\[\sigma_{w a v}=\frac{1}{\sqrt{\sum w_{i}}} \label{4} \]
The Sampling Distribution and Standard Deviation of the Mean
Population parameters follow all types of distributions, some are normal, others are skewed like the F-distribution and some don't even have defined moments (mean, variance, etc.) like the Chaucy distribution. However, many statistical methodologies, like a z-test (discussed later in this article), are based off of the normal distribution. How does this work? Most sample data are not normally distributed.
This highlights a common misunderstanding of those new to statistical inference. The distribution of the population parameter of interest and the sampling distribution are not the same. Sampling distribution?!? What is that?
Imagine an engineering is estimating the mean weight of widgets produced in a large batch. The engineer measures the weight of N widgets and calculates the mean. So far, one sample has been taken. The engineer then takes another sample, and another and another continues until a very larger number of samples and thus a larger number of mean sample weights (assume the batch of widgets being sampled from is near infinite for simplicity) have been gathered. The engineer has generated a sample distribution.
As the name suggested, a sample distribution is simply a distribution of a particular statistic (calculated for a sample with a set size) for a particular population. In this example, the statistic is mean widget weight and the sample size is N. If the engineer were to plot a histogram of the mean widget weights, he/she would see a bell-shaped distribution. This is because the Central Limit Theorem guarantees that as the sample size approaches infinity, the sampling distributions of statistics calculated from said samples approach the normal distribution.

\[\sigma_{\bar{X}}=\frac{\sigma_{X}}{\sqrt{N}} \label{5} \]

Microsoft Excel has built in functions to analyze a set of data for all of these values. Please see the screen shot below of how a set of data could be analyzed using Excel to retrieve these values.

Example by Hand
You obtain the following data points and want to analyze them using basic statistical methods. {1,2,2,3,5}
Calculate the average: Count the number of data points to obtain \(n = 5\)
\[mean =\frac{1+2+2+3+5}{5}=2.6\nonumber \]
Obtain the mode: Either using the excel syntax of the previous tutorial, or by looking at the data set, one can notice that there are two 2's, and no multiples of other data points, meaning the 2 is the mode.
Obtain the median: Knowing the n=5, the halfway point should be the third (middle) number in a list of the data points listed in ascending or descending order. Seeing as how the numbers are already listed in ascending order, the third number is 2, so the median is 2.
Calculate the standard deviation: Using Equation \ref{3},
\[\sigma =\sqrt{\frac{1}{5-1} \left( 1 - 2.6 \right)^{2} + \left( 2 - 2.6\right)^{2} + \left(2 - 2.6\right)^{2} + \left(3 - 2.6\right)^{2} + \left(5 - 2.6\right)^{2}} =1.52\nonumber \]
Example by Hand (Weighted)
Three University of Michigan students measured the attendance in the same Process Controls class several times. Their three answers were (all in units people):
	Student 1: A = 100 ± 3
	Student 2: A = 105 ± 4
	Student 3: A = 102 ± 2

What is the best estimate for the attendance A?

\[A = 101.92 ± 0.65\, students \nonumber \]
Gaussian Distribution
Gaussian distribution, also known as normal distribution, is represented by the following probability density function:
\[P D F_{\mu, \sigma}(x)=\frac{1}{\sigma \sqrt{2 \pi}} e^{-\frac{(x-\mu)^{2}}{2 \sigma^{2}}}\nonumber \]
where μ is the mean and σ is the standard deviation of a very large data set. The Gaussian distribution is a bell-shaped curve, symmetric about the mean value. An example of a Gaussian distribution is shown below.

In this specific example, μ = 10 and σ = 2.
Probability density functions represent the spread of data set. Integrating the function from some value x to x + a where a is some real value gives the probability that a value falls within that range. The total integral of the probability density function is 1, since every value will fall within the total range. The shaded area in the image below gives the probability that a value will fall between 8 and 10, and is represented by the expression:
Gaussian distribution is important for statistical quality control, six sigma, and quality engineering in general. For more information see What is 6 sigma?.
Error Function
A normal or Gaussian distribution can also be estimated with a error function as shown in the equation below.
\[P(8 \leq x \leq 10)=\int_{8}^{10} \frac{1}{\sigma \sqrt{2 \pi}} e^{-\frac{(x-\mu)^{2}}{2 \sigma^{2}}} d x=\operatorname{erf}(t)\nonumber \]
Here, erf(t) is called "error function" because of its role in the theory of normal random variable. The graph below shows the probability of a data point falling within t*σ of the mean.

For example if you wanted to know the probability of a point falling within 2 standard deviations of the mean you can easily look at this table and find that it is 95.4%. This table is very useful to quickly look up what probability a value will fall into x standard deviations of the mean.
Correlation Coefficient (r value)
The linear correlation coefficient is a test that can be used to see if there is a linear relationship between two variables. For example, it is useful if a linear equation is compared to experimental points. The following equation is used:
\[r=\frac{\sum\left(X_{i}-X_{\text {mean}}\right)\left(Y_{i}-Y_{\text {mean}}\right)}{\sqrt{\sum\left(X_{i}-X_{\text {mean}}\right)^{2}} \sqrt{\sum\left(Y_{i}-Y_{\text {mean}}\right)^{2}}}\nonumber \]
The range of r is from -1 to 1. If the r value is close to -1 then the relationship is considered anti-correlated, or has a negative slope. If the value is close to 1 then the relationship is considered correlated, or to have a positive slope. As the r value deviates from either of these values and approaches zero, the points are considered to become less correlated and eventually are uncorrelated.
There are also probability tables that can be used to show the significant of linearity based on the number of measurements. If the probability is less than 5% the correlation is considered significant.
Linear Regression
The correlation coefficient is used to determined whether or not there is a correlation within your data set. Once a correlation has been established, the actual relationship can be determined by carrying out a linear regression. The first step in performing a linear regression is calculating the slope and intercept:
\[\mathit{Slope} = \frac{n\sum_i X_iY_i -\sum_i X_i \sum_j Y_j } ParseError: EOF expected (click for details) Callstack: at (Bookshelves/Industrial_and_Systems_Engineering/Chemical_Process_Dynamics_and_Controls_(Woolf)/13:_Statistics_and_Probability_Background/13.01:_Basic_statistics-_mean_median_average_standard_deviation_z-scores_and_p-value), /content/body/div[2]/div[12]/p[2]/span, line 1, column 2 \nonumber \]
\[\mathrm{Intercept} = \frac{(\sum_i X_i^2)\sum_i(Y_i)-\sum_i X_i\sum_i X_iY_i } ParseError: invalid ArgList (click for details) Callstack: at (Bookshelves/Industrial_and_Systems_Engineering/Chemical_Process_Dynamics_and_Controls_(Woolf)/13:_Statistics_and_Probability_Background/13.01:_Basic_statistics-_mean_median_average_standard_deviation_z-scores_and_p-value), /content/body/div[2]/div[12]/p[3]/span, line 1, column 3 \nonumber \]
Once the slope and intercept are calculated, the uncertainty within the linear regression needs to be applied. To calculate the uncertainty, the standard error for the regression line needs to be calculated.
\[S=\sqrt{\frac{1}{n-2}\left(\left(\sum_{i} Y_{i}^{2}\right)-\text { intercept } \sum Y_{i}-\operatorname{slope}\left(\sum_{i} Y_{i} X_{i}\right)\right)}\nonumber \]
The standard error can then be used to find the specific error associated with the slope and intercept:
\[S_{\text {slope }}=S \sqrt{\frac{n}{n \sum_{i} X_{i}^{2}-\left(\sum_{i} X_{i}\right)^{2}}}\nonumber \]
\[S_{\text {intercept }}=S \sqrt{\frac{\sum\left(X_{i}^{2}\right)}{n\left(\sum X_{i}^{2}\right)-\left(\sum_{i} X_{i} Y_{i}\right)^{2}}}\nonumber \]
Once the error associated with the slope and intercept are determined a confidence interval needs to be applied to the error. A confidence interval indicates the likelihood of any given data point, in the set of data points, falling inside the boundaries of the uncertainty. 
\[\beta=slope\pm\Delta slope\simeq slope\pm t^*S_{slope} \nonumber \]
\[\alpha=intercept\pm\Delta intercept\simeq intercept\pm t^*S_{intercept} \nonumber \]
Now that the slope, intercept, and their respective uncertainties have been calculated, the equation for the linear regression can be determined.
\[Y = βX + α\nonumber \]
A z-score (also known as z-value, standard score, or normal score) is a measure of the divergence of an individual experimental result from the most probable result, the mean. Z is expressed in terms of the number of standard deviations from the mean value.
\[z=\frac{X-\mu}{\sigma} \label{6} \]
	X = ExperimentalValue
	μ = Mean
	σ = StandardDeviation

Z-scores assuming the sampling distribution of the test statistic (mean in most cases) is normal and transform the sampling distribution into a standard normal distribution. As explained above in the section on sampling distributions, the standard deviation of a sampling distribution depends on the number of samples. Equation (6) is to be used to compare results to one another, whereas equation (7) is to be used when performing inference about the population.
Whenever using z-scores it is important to remember a few things:
	Z-scores normalize the sampling distribution for meaningful comparison.
	Z-scores require a large amount of data.
	Z-scores require independent, random data.

\[z_{o b s}=\frac{X-\mu}{\frac{\sigma}{\sqrt{n}}} \label{7} \]
	n = SampleNumber

A p-value is a statistical value that details how much evidence there is to reject the most common explanation for the data set. It can be considered to be the probability of obtaining a result at least as extreme as the one observed, given that the null hypothesis is true. In chemical engineering, the p-value is often used to analyze marginal conditions of a system, in which case the p-value is the probability that the null hypothesis is true.
The null hypothesis is considered to be the most plausible scenario that can explain a set of data. The most common null hypothesis is that the data is completely random, that there is no relationship between two system results. The null hypothesis is always assumed to be true unless proven otherwise. An alternative hypothesis predicts the opposite of the null hypothesis and is said to be true if the null hypothesis is proven to be false.
The following is an example of these two hypotheses:
4 students who sat at the same table during in an exam all got perfect scores.
	Null Hypothesis: The lack of a score deviation happened by chance.
	Alternative Hypothesis: There is some other reason that they all received the same score.

If it is found that the null hypothesis is true then the Honor Council will not need to be involved. However, if the alternative hypothesis is found to be true then more studies will need to be done in order to prove this hypothesis and learn more about the situation.
As mentioned previously, the p-value can be used to analyze marginal conditions. In this case, the null hypothesis is that there is no relationship between the variables controlling the data set. For example:
	Runny feed has no impact on product quality
	Points on a control chart are all drawn from the same distribution
	Two shipments of feed are statistically the same

The p-value proves or disproves the null hypothesis based on its significance. A p-value is said to be significant if it is less than the level of significance, which is commonly 5%, 1% or .1%, depending on how accurate the data must be or stringent the standards are. For example, a health care company may have a lower level of significance because they have strict standards. If the p-value is considered significant (is less than the specified level of significance), the null hypothesis is false and more tests must be done to prove the alternative hypothesis.
Upon finding the p-value and subsequently coming to a conclusion to reject the Null Hypothesis or fail to reject the Null Hypothesis , there is also a possibility that the wrong decision can be made. If the decision is to reject the Null Hypothesis and in fact the Null Hypothesis is true, a type 1 error has occurred. The probability of a type one error is the same as the level of significance, so if the level of significance is 5%, "the probability of a type 1 error" is .05 or 5%. If the decision is to fail to reject the Null Hypothesis and in fact the Alternative Hypothesis is true, a type 2 error has just occurred. With respect to the type 2 error, if the Alternative Hypothesis is really true, another probability that is important to researchers is that of actually being able to detect this and reject the Null Hypothesis . This probability is known as the power (of the test) and it is defined as 1 - "probability of making a type 2 error."
If an error occurs in the previously mentioned example testing whether there is a relationship between the variables controlling the data set, either a type 1 or type 2 error could lead to a great deal of wasted product, or even a wildly out-of-control process. Therefore, when designing the parameters for hypothesis testing, researchers must heavily weigh their options for level of significance and power of the test. The sensitivity of the process, product, and standards for the product can all be sensitive to the smallest error.
Important Note About Significant P-values
If a P-value is greater than the applied level of significance, and the null hypothesis should not just be blindly accepted. Other tests should be performed in order to determine the true relationship between the variables which are being tested. More information on this and other misunderstandings related to P-values can be found at P-values: Frequent misunderstandings.
Calculation
There are two ways to calculate a p-value. The first method is used when the z-score has been calculated. The second method is used with the Fisher’s exact method and is used when analyzing marginal conditions.
First Method: Z-Score
The method for finding the P-Value is actually rather simple. First calculate the z-score and then look up its corresponding p-value using the standard normal table.
This table can be found here: Media:Group_G_Z-Table.xls
This value represents the likelihood that the results are not occurring because of random errors but rather an actual difference in data sets.
To read the standard normal table, first find the row corresponding to the leading significant digit of the z-value in the column on the lefthand side of the table. After locating the appropriate row move to the column which matches the next significant digit.
Example: If your z-score = 1.13
Follow the rows down to 1.1 and then across the columns to 0.03. The P-value is the highlighted box with a value of 0.87076.

Values in the table represent area under the standard normal distribution curve to the left of the z-score.
Using the previous example:
Z-score = 1.13, P-value = 0.87076 is graphically represented below.

Second Method: Fisher's Exact
In the case of analyzing marginal conditions, the P-value can be found by summing the Fisher's exact values for the current marginal configuration and each more extreme case using the same marginals. For information about how to calculate Fisher's exact click the following link:Discrete_Distributions:_hypergeometric,_binomial,_and_poisson#Fisher.27s_exact
Chi-Squared Test
A Chi-Squared test gives an estimate on the agreement between a set of observed data and a random set of data that you expected the measurements to fit. Since the observed values are continuous, the data must be broken down into bins that each contain some observed data. Bins can be chosen to have some sort of natural separation in the data. If none of these divisions exist, then the intervals can be chosen to be equally sized or some other criteria.
The calculated chi squared value can then be correlated to a probability using excel or published charts. Similar to the Fisher's exact, if this probability is greater than 0.05, the null hypothesis is true and the observed data is not significantly different than the random.
Calculating Chi Squared
The Chi squared calculation involves summing the distances between the observed and random data. Since this distance depends on the magnitude of the values, it is normalized by dividing by the random value
\[\chi^2 =\sum_{k=1}^N \frac{(observed-random)^2}{random}\nonumber \]
or if the error on the observed value (sigma) is known or can be calculated:
\[\chi^{2}=\sum_{k=1}^{N}\left(\frac{\text { observed }-\text { theoretical }}{\text { sigma }}\right)^{2}\nonumber \]
Detailed Steps to Calculate Chi Squared by Hand
Calculating Chi squared is very simple when defined in depth, and in step-by-step form can be readily utilized for the estimate on the agreement between a set of observed data and a random set of data that you expected the measurements to fit. Given the data:

\[\chi_o^2 =\sum_{i} \frac{(y_i-A-Bx_i)^2}{\sigma_{yi}^2}\nonumber \]

\[\Delta=SS_{xx}-(S_x)^2\,\!\nonumber \]

Step 2: Find the Degrees of Freedom

When: df = Degrees of Freedom
	n = number of observations
	k = the number of constraints


The Excel function CHIDIST(x,df) provides the p-value, where x is the value of the chi-squared statistic and df is the degrees of freedom. Note: Excel gives only the p-value and not the value of the chi-square statistic.

Step 5: Compare the probability to the significance level (i.e. 5% or 0.05), if this probability is greater than 0.05, the null hypothesis is true and the observed data is not significantly different than the random. A probability smaller than 0.05 is an indicator of independence and a significant difference from the random.
Chi Squared Test versus Fisher's Exact
	For small sample sizes, the Chi Squared Test will not always produce an accurate probability. However, for a random null, the Fisher's exact, like its name, will always give an exact result.
	Chi Squared will not be correct when:
	fewer than 20 samples are being used
	if an expected number is 5 or below and there are between 20 and 40 samples
	For large contingency tables and expected distributions that are not random, the p-value from Fisher's Exact can be a difficult to compute, and Chi Squared Test will be easier to carry out.

Binning in Chi Squared and Fisher’s Exact Tests
When performing various statistical analyzes you will find that Chi-squared and Fisher’s exact tests may require binning, whereas ANOVA does not. Although there is no optimal choice for the number of bins (k), there are several formulas which can be used to calculate this number based on the sample size (N). One such example is listed below:
\[k = 1 + log_2N \nonumber \nonumber \]
Another method involves grouping the data into intervals of equal probability or equal width. The first approach in which the data is grouped into intervals of equal probability is generally more acceptable since it handles peaked data much better. As a stipulation, each bin should contain at least 5 or more data points, so certain adjacent bins sometimes need to be joined together for this condition to be satisfied. Identifying the number the bins to use is important, but it is even more important to be able to note which situations call for binning. Some Chi-squared and Fisher's exact situations are listed below:
	Analysis of a continuous variable:

This situation will require binning. The idea is to divide the range of values of the variable into smaller intervals called bins.
	Analysis of a discrete variable:

Binning is unnecessary in this situation. For instance, a coin toss will result in two possible outcomes: heads or tails. In tossing ten coins, you can simply count the number of times you received each possible outcome. This approach is similar to choosing two bins, each containing one possible result.
	Examples of when to bin, and when not to bin:
	You have twenty measurements of the temperature inside a reactor: as temperature is a continuous variable, you should bin in this case. One approach might be to determine the mean (X) and the standard deviation (σ) and group the temperature data into four bins: T < X – σ, X – σ < T < X, X < T < X + σ, T > X + σ
	You have twenty data points of the heater setting of the reactor (high, medium, low): since the heater setting is discrete, you should not bin in this case.

Example \(\PageIndex{1}\)
Say we have a reactor with a mean pressure reading of 100 and standard deviation of 7 psig. Calculate the probability of measuring a pressure between 90 and 105 psig.
To do this we will make use of the z-scores.
\[\operatorname{Pr}(a \leq z \leq b)=F(b)-F(a)=F\left(\frac{b-\mu}{\sigma}\right)-F\left(\frac{a-\mu}{\sigma}\right)\nonumber \]
where \(a\) is the lower bound and \(b\) is the upper bound
Substitution of z-transformation equation (3)

Look up z-score values in a standard normal table. Media:Group_G_Z-Table.xls

= 0.76155 - 0.07636
The probability of measuring a pressure between 90 and 105 psig is 0.68479 .
A graphical representation of this is shown below. The shaded area is the probability

Alternate Solution
We can also solve this problem using the probability distribution function (PDF). This can be done easily in Mathematica as shown below. More information about the PDF is and how it is used can be found in the Continuous Distribution article

As you can see the the outcome is approximately the same value found using the z-scores.
Example \(\PageIndex{2}\)
You are a quality engineer for the pharmaceutical company “Headache-b-gone.” You are in charge of the mass production of their children’s headache medication. The average weight of acetaminophen in this medication is supposed to be 80 mg, however when you run the required tests you find that the average weight of 50 random samples is 79.95 mg with a standard deviation of .18.
	Identify the null and alternative hypothesis.
	Under what conditions is the null hypothesis accepted?
	Determine if these differences in average weight are significant.
	Null hypothesis: This is the claimed average weight where H o =80 mg
	Alternative hypothesis: This is anything other than the claimed average weight (in this case H a <80)

b) The null hypothesis is accepted when the p-value is greater than .05.
c) We first need to find Z obs using the equation below:
\[z_{o b s}=\frac{X-\mu}{\frac{\sigma}{\sqrt{n}}}\nonumber \]
Where n is the number of samples taken.
\[z_{o b s}=\frac{79.95-80}{\frac{.18}{\sqrt{50}}}=-1.96\nonumber \]
Using the z-score table provided in earlier sections we get a p-value of .025. Since this value is less than the value of significance (.05) we reject the null hypothesis and determine that the product does not reach our standards.
Example \(\PageIndex{3}\)
15 students in a controls class are surveyed to see if homework impacts exam grades. The following distribution is observed.

Determine the p-value and if the null hypothesis (Homework does not impact Exams) is significant by a 5% significance level using the P-fisher method.
To find the p-value using the p-fisher method, we must first find the p-fisher for the original distribution. Then, we must find the p-fisher for each more extreme case. The p-fisher for the original distribution is as follows.
\[p_{\text {fisher }}=\frac{9 ! 6 ! 8 ! 7 !}{15 ! 6 ! 3 ! 2 ! 4 !}=0.195804 \nonumber \]
To find the more extreme case, we will gradually decrease the smallest number to zero. Thus, our next distribution would look like the following.

The p-fisher for this distribution will be as follows.
\[p_{\text {fisher }}=\frac{9 ! 6 ! 8 ! 7 !}{15 ! 7 ! 2 ! 1 ! 5 !}=0.0335664 \nonumber \]
The final extreme case will look like this.

\[p_{\text {fisher }}=\frac{9 ! 6 ! 8 ! 7 !}{15 ! 8 ! 1 ! 0 ! 6 !}=0.0013986\nonumber \]
Since we have a 0 now in the distribution, there are no more extreme cases possible. To find the p-value we will sum the p-fisher values from the 3 different distributions.
\[p_{value} = 0.195804 + 0.0335664 + 0.0013986 = 0.230769\nonumber \]
Because p-value=0.230769 we cannot reject the null hypothesis on a 5% significance level.

Application: What do p-values tell us?
Population example.
Out of a random sample of 400 students living in the dormitory (group A), 134 students caught a cold during the academic school year. Out of a random sample of 1000 students living off campus (group B), 178 students caught a cold during this same time period.
Population table
\[\begin{array}{llll}  & \text { Graup A } & \text { Group B } & \\ \text { Sick } & a=134 & b=178 & a+b=312 \\ \text { Not Sick } & c=266 & d=822 & c+d=1088 \\ & a+c=400 & b+d=1000 & a+b+c+d=1400 \end{array}\nonumber \]
Fisher's Exact:
\[p_{f}=\frac{(a+b) !(c+d) !(a+c) !(b+d) !}{(a+b+c+d) ! a ! b ! c ! d !}\nonumber \]
\[p_{f}=\frac{(312) !(1088) !(400) !(1000) !}{(1400) ! 134 ! 178 ! 266 ! 822 !}\nonumber \]
p f = 2.28292 * 10 − 10
Comparison and interpretation of p-value at the 95% confidence level
This value is very close to zero which is much less than 0.05. Therefore, the number of students getting sick in the dormitory is significantly higher than the number of students getting sick off campus. There is more than a 95% chance that this significant difference is not random. Statistically, it is shown that this dormitory is more condusive for the spreading of viruses. With the knowledge gained from this analysis, making changes to the dormitory may be justified. Perhaps installing sanitary dispensers at common locations throughout the dormitory would lower this higher prevalence of illness among dormitory students. Further research may determine more specific areas of viral spreading by marking off several smaller populations of students living in different areas of the dormitory. This model of significance testing is very useful and is often applied to a multitude of data to determine if discrepancies are due to chance or actual differences between compared samples of data. As you can see, purely mathematical analyses such as these often lead to physical action being taken, which is necessary in the field of Medicine, Engineering, and other scientific and non-scientific venues.
Exercise \(\PageIndex{1}\)
You are given the following set of data: {1,2,3,5,5,6,7,7,7,9,12} What is the mean, median and mode for this set of data? And then the z value of a data point of 7?
	5.82, 6, 7, 0.373
	6, 7, 5.82, 6.82
	7, 6, 5, 0.373
	7, 6, 5.82, 3.16

Exercise \(\PageIndex{2}\)
What is n and the standard deviation for the above set of data {1,2,3,5,5,6,7,7,7,9,12}? And then consulting the table from above, what is the p-value for the data "12"?
	12, 3.16, 5.82
	7, 3.16, 0.83
	11, 3.16, 0.97
	11, 5.82, 0
	Woolf P., Keating A., Burge C., and Michael Y.. "Statistics and Probability Primer for Computational Biologists". Massachusetts Institute of Technology, BE 490/ Bio7.91, Spring 2004
	Smith W. and Gonic L. "Cartoon Guide to Statistics". Harper Perennial, 1993.
	Taylor, J. "An Introduction to Error Analysis". Sausalito, CA: University Science Books, 1982.
	http://www.fourmilab.ch/rpkp/experiments/analysis/zCalc.html
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Measures Of Central Tendency, Mean, Median and Mode
Introduction to Mean, Median and Mode: Often in statistics, we tend to represent a set of data by a representative value which would approximately define the entire collection. This representative value is called the measure of central tendency , and the name suggests that it is a value around which the data is centred. These central tendencies are mean, median and mode.

We are all interested in cricket but have you ever wondered during the match why the run rate of the particular over is projected and what does the run rate mean? Or, when you get your examination result card, you mention the aggregate percentage. Again what is the meaning of aggregate? All these quantities in real life make it easy to represent a collection of data in terms of a single value. It is called Statistics.
Statistics deals with the collection of data and information for a particular purpose. The tabulation of each run for each ball in cricket gives the statistics of the game. The representation of any such data collection can be done in multiple ways, like through tables, graphs, pie-charts , bar graphs, pictorial representation etc.
Now consider a 50 over ODI match going between India and Australia. India scored 370 runs by the end of the first innings. How do you decide whether India put a good score or not? It’s pretty simple, right; you find the overall run rate, which is good for such a score. Thus, here comes the concept of mean, median and mode in the picture. Let us learn in detail each of the central tendencies.
Measures of central tendency
The measures of central tendencies are given by various parameters but the most commonly used ones are mean, median and mode. These parameters are discussed below.
What is Mean?
Mean is the most commonly used measure of central tendency. It actually represents the average of the given collection of data. It is applicable for both continuous and discrete data.
It is equal to the sum of all the values in the collection of data divided by the total number of values.
Suppose we have n values in a set of data namely as x 1 , x 2 , x 3 , …, x n,  then the mean of data is given by:
\(\begin{array}{l}\bar{x} = \frac{x_{1}+x_{2}+x_{3}+……..+x_{n}}{n}\end{array} \)
It can also be denoted as:
\(\begin{array}{l}\bar{x} = \frac{\sum_{i=1}^{n}x_{i}}{n}\end{array} \)
For grouped data, we can calculate the mean using three different methods of formula.
To learn more about the mean, visit here .
What is Median?
Generally median represents the mid-value of the given set of data when arranged in a particular order.
Median: Given that the data collection is arranged in ascending or descending order, the following method is applied:
	If number of values or observations in the given data is odd, then the median is given by [(n+1)/2] th observation.
	If in the given data set, the number of values or observations is even, then the median is given by the average of (n/2) th  and  [(n/2) +1] th observation.

The median for grouped data can be calculated using the formula,
\(\begin{array}{l}Median = l + \left ( \frac{\frac{N}{2}-cf}{f} \right )\times h\end{array} \)
To understand in detail about the median, visit here .
What is Mode?
The most frequent number occurring in the data set is known as the mode.
Consider the following data set which represents the marks obtained by different students in a subject.
The maximum frequency observation is 73 ( as three students scored 73 marks), so the mode of the given data collection is 73.
We can calculate the mode for grouped data using the below formula:
\(\begin{array}{l}Mode = l + \left ( \frac{f_1-f_0}{2f_1-f_0-f_2} \right )\times h\end{array} \)
Also, learn: Mode
Video Lessons
Mean median and mode.

Measure of Central Tendency for an Ungrouped Data

Example of Mean, Median and Mode
Let us see the difference between the mean median and mode through an example.
Example: The given table shows the scores obtained by different players in a match. What is mean, median and mode of the given data?
i)  The mean is given by:
The mean of the given data is 43.
ii) To find out the median let us first arrange the given data in ascending order
As the number of items in the data is odd. Hence, the median is [(n+1)/2] th observation.
⇒ Median = [(7+1)/2] th observation = 52
iii)  Mode is the most frequent data, which is 52.
Relation of Mean Median Mode
The relation between mean, median and mode that means the three measures of central tendency for moderately skewed distribution is given the formula:
This relation is also called an empirical relationship. This is used to find one of the measures when the other two measures are known to us for certain data. This relationship is rewritten in different forms by interchanging the LHS and RHS.
In statistics, the range is the difference between the highest and lowest data value in the set. The formula is:
Range – Highest value – Lowest value
Solved Problem
Question: Find the mean, median, mode and range for the given data:
90, 94, 53, 68, 79, 94, 53, 65, 87, 90, 70, 69, 65, 89, 85, 53, 47, 61, 27, 80
Number of observations = 20
Mean = (Sum of observations)/ Number of observations
= (90 + 94 + 53 + 68 + 79 + 94 + 53 + 65 + 87 + 90 + 70 + 69 + 65 + 89 + 85 + 53 + 47 + 61 + 27 + 80)/20
Therefore, mean is 70.95.
The ascending order of given observations is:
27, 47, 53, 53, 53, 61, 65, 65, 68, 69, 70, 79, 80, 85, 87, 89, 90, 90, 94,94
Here, n = 20
Median = 1/2 [(n/2) + (n/2 + 1)]th observation
= 1/2 [10 + 11]th observation
= 1/2 (69 + 70)
Thus, the median is 69.5.
The most frequently occurred value in the given data is 53.
Therefore, mode = 53
Range = Highest value – Lowest value
= 94 – 27
Practice Questions
	The points scored by a Kabaddi team in a series of matches are as follows: 17, 2, 7, 27, 15, 5, 14, 8, 10, 24, 48, 10, 8, 7, 18, 28 Find the mean, median and mode of the points scored by the team.
	The following observations have been arranged in ascending order. If the median of the data is 63, find the value of x. 29, 32, 48, 50, x, x + 2, 72, 78, 84, 95

To know more about Measures of central tendency and the applications of Mean, Median and Mode with solved examples stay tuned with BYJU’S.
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What is Statistics?
The discipline concerning the compilation, organization, study, interpretation, and presentation of data is statistics . It is traditional to start with a statistical population or a statistical model to be studied when applying statistics to a scientific, industrial, or social problem. It also helps us to explain many observations from it and foresee many possibilities for additional applications. We may find various measurements of central tendencies and the divergence of different values from the centre using statistics.
What Are the Various Statistics Formulas?
The main concepts in statistics are .
Standard deviation
Let Us Understand the Above 5 Statistics Formulas With Examples : 
Mean: The arithmetical mean is the sum of a set of numbers separated by the number of numbers in the collection, or simply the mean or the average .
Median: In a sorted, ascending or descending, list of numbers, the median is the middle number and may be more representative of that data set than the average.
(Image to be added soon)
Mode: The mode is the value that most frequently appears in a data value set.
Standard Deviation: A calculation of the amount of variance or dispersion of a set of values is the standard deviation.
Variance: The expectation of the square deviation of a random variable from its mean is variance.
Now let us look at the formula of statistics that can be used while solving the problems.
Basic Statistics Formulas
To solve statistical problems, there are few formulas of statistics that will be used the most, they are as follows :
Mean: To calculate the mean of a given data set, we use the following formula, 
Mean (\[\bar{x}\]) = \[\frac{\sum x}{N}\]
Median: In the case of the median, we have two different formulas. If we have an odd number of terms in the data set  we use the following formula, 
Median = \[(\frac{n+1}{2})^{th}\] observation
If an even number of terms are given in the data set, we use the following formula, 
Median = \[\frac{(\frac{n}{2})^{th} \; observation + (\frac{n}{2}+1)^{th} \; observation}{2}\]
Mode: In the case of clustered frequency distributions, it is not possible to calculate the mode simply by looking at the frequency. We measure the modal class in order to evaluate the data mode in such situations. Inside the modal class, the mode lies.
Mode =  \[l + (\frac{f_{1}-f_{0}}{2f_{1}-f_{0}-f_{2}}) \times h\]
Standard Deviation: By evaluating the deviation of each data point relative to the mean, the standard deviation is calculated as the square root of variance.
Standard deviation(𝜎) = \[\sqrt{\frac{\sum (x_{i}-\mu)^{2}}{N}}\]
Variance: The variance is defined as the total of the square distances from the mean (μ) of each term in the distribution, divided by the number of distribution terms (N).
Variance(𝜎 2 ) = \[\frac{\sum (x_{i}-\mu)^{2}}{N}\]
These are a few formulas for statistics that are to be used while attempting any statistics problems. 
In statistics, the aim is to gather and analyze vast amounts of numerical data, in particular for the purpose of deducting the proportions in total from those in the representative sample. In statistics, all formulas are given in data sets on which the analysis is done. 

FAQs on Statistics Formula
1. What are the fundamentals of statistics?
The basis for more statistical studies lies in simple statistics. It provides several ways to define and sort variables and details so that you can research them with resources that you will later add. Correlation and hypothesis checking, for instance.
2. What are the three statistical types?
In analyzing data, two kinds of statistical methods are used: descriptive statistics and inferential statistics.
3. What are the four descriptive statistical types?
The four descriptive statistical methods are - frequency, central tendency, dispersion or variation, and position.
PRACTICE PROBLEMS ON MEAN MEDIAN AND MODE
Problem 1 :
Find the (i) mean  (ii) median  (iii) mode for each of the following data sets :
a)  12, 17, 20, 24, 25, 30, 40
b)  8, 8, 8, 10, 11, 11, 12, 12, 16, 20, 20, 24
c)  7.9, 8.5, 9.1, 9.2, 9.9, 10.0, 11.1, 11.2, 11.2, 12.6, 12.9
d)  427, 423, 415, 405, 445, 433, 442, 415, 435, 448, 429, 427, 403, 430, 446, 440, 425, 424, 419, 428, 441
Problem 2 :
Consider the following two data sets :
Data set A : 5, 6, 6, 7, 7, 7, 8, 8, 9, 10, 12
Data set B : 5, 6, 6, 7, 7, 7, 8, 8, 9, 10, 20
a)  Find the mean for both Data set A and Data set B.
b)  Find the median of both Data set A and Data set B.
c)  Explain why the mean of Data set A is less than the mean of Data set B.
d)  Explain why the median of Data set A is the same as the median of Data set B
Problem 3 :
The table given shows the result when 3 coins were tossed simultaneously 40 times. The number of heads appearing was recorded.

Calculate the :   a)  mean     b)  median     c)  mode
Problem 4 :
The following frequency table records the number of text messages sent in a day by 50 fifteen-years-olds

a)  For this data, find the : (i) mean   (ii)  median   (iii)  mode
b)  construct a column graph for the data and show the position of the measures of centre (mean, median and mode) on the horizontal axis.
c)  Describe the distribution of the data.
d)  why is the mean smaller than the median for this data ?
e)  which measure of centre would be the most suitable for this data set ?
Problem 5 :
The frequency column graph alongside gives the value of donations for an overseas aid organisation, collected in a particular street.
a)  construct the frequency table from the graph.
b)  Determine the total number of donations.
c)  For the donations find the :  (i)  mean   (ii)  median   (iii)  mode
d) which of the measures of central tendency can be found easily from the graph only ?

Problem 6 :
Hui breeds ducks. The number of ducklings surviving for each pair after one month is recorded in the table.
a)  Calculate the : (i)  mean   (ii)  median   (iii) mode
b)  Is the data skewed ?
c)  How does the skewness of the data affect the measures of the middle of the distribution ?

Answers 
(c)  the mean of A is less than the mean of B.
(d)   median is the same.
(3)  (a)   Mean  =  1.4     (b)   median  =  1  (c)     mode  =  1
(4)  
(a)   (i)   Mean  =  5.74  (ii)     median  =  7  (iii)   mode  =  8

(c)     bimodal data.
The mean takes into account the full range of numbers of text messages and is affected by extreme values. Also, the value which is lower than the median is well below it.
(e)   The median
(5)  

(b)   ∑f  =  30
(c)  (i)   Mean  =  $2.9  (ii)   median  =  $2  (iii)   mode  =  $2

(6)  
(a)  (i)  Mean  =  4.25    (ii)   median  =  5   (iii)   mode  =  5

c)   By observing the graph, the mean is less than the median and mode.
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	PDF Practice Sheet Mean, Median, Mode, Variance and Standard Deviation
Example 1 9,4,8,12,5,1,8,18,9,13,18,1,5,10,15,8,15,8,8,5 Assuming the data above is the total population. What is the a) mean, b) median, c) mode, d) variance and e) standard deviation? (All answers are to be rounded to 4 decimal places) Population Mean




	Mean Median Mode Questions with Solutions
Solution: First 10 odd integers: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 Mean = Sum of the first 10 odd integers/Number of such integers = (1 + 3 + 5 + 7 + 9 + 11 + 13 + 15 + 17 + 19)/10 = 100/10 = 10 Therefore, the mean of the first 10 odd integers is 10. 2. What is the median of the following data set?




	PDF Notes, Examples, and Practice Exercises
Mean, Median and Mode Mean What is it? An (arithmetic) mean is the average of a set of n numbers. How do you find it? Add all the elements in a set. Then, divide by the number of elements. Examples: The mean of 7 and 11 is 9. 7+11 The mean of -6, -3, 2, 4, and 4 is .2 (5 elements in the set) Jim's math test scores were 78, 88, 91, and 94.




	PDF Finding the Mean, Median, Mode Practice Problems
2. What number would you divide by to calculate the mean of 3, 4, 5, and 6? a. 6 b. 3 c. 5 d. 4 3. What measure of central tendency is calculated by adding all the values and dividing the sum by the number of values? a. Median b. Mean c. Mode d. Typical value 4. The mean of four numbers is 71.5. If three of the numbers are 58, 76, and 88, what is




	PDF Chapter 15
expressing the standard deviation as a proportion of mean, usually a percentage. The formula for it as a percentage is Coefficient of variation = Standard deviation 100 Mean × 15.2 Solved Examples Shor t Answer Type Example 1 Find the mean deviation about the mean of the following data: Size (x): 1 3 5 7 9 11 13 15 Frequency (f): 3 3 4 14 7 4 3 4




	PDF Created by: Marija Stanojcic Mean, median, mode, variance & standard
Mean and median can only take one value each. Mean is influenced by extreme values, while median is resistant. MODE - The most frequent number in the data set Example 4: Find the mode for the data set: 19, 19, 34, 3, 10, 22, 10, 15, 25, 10, 6. The number that occurs the most is number 10, mode = 10.




	2.4: Measures of Central Tendency- Mean, Median and Mode
The median is a better measure of the "center" than the mean because 49 of the values are 30,000 and one is 5,000,000. The 5,000,000 is an outlier. The 30,000 gives us a better sense of the middle of the data. Another measure of the center is the mode. The mode is the most frequent value.




	PDF STAT 234 Lecture 15A Standard Deviation & Sample Variance (Section 1.4)
Short answer: One cannot measure variability with only ONE. •. observation (n 1). We need at least 2. =. Long answer: Dividing by n would underestimate the true. (population) standard deviation. Dividing by n − 1 instead of n corrects some of that bias, which we'll prove shortly after The standard deviation of {1, 2, 2, 7} is.




	13.1: Basic statistics- mean, median, average, standard deviation, z
Save as PDF Page ID 22659; ... When performing statistical analysis on a set of data, the mean, median, mode, and standard deviation are all helpful values to calculate. The mean, median and mode are all estimates of where the "middle" of a set of data is. ... We can also solve this problem using the probability distribution function (PDF ...




	PDF Mode, Median, and Mean
62 Module 5: Mode, Median, and Mean Score Frequency 20 1 14 1 11 2 8 1 7 3 6 1 5 1 3 1 What is the mode? the mode is 7, because there are more 7s than any other number. Note that the number of scores on either side of the mode does not have to be equal. It might be equal, but it doesn't have to be. In this example, there are three scores ...




	Mean, median, and mode review (article)
Mean: The "average" number; found by adding all data points and dividing by the number of data points. Example: The mean of 4 , 1 , and 7 is ( 4 + 1 + 7) / 3 = 12 / 3 = 4 . Median: The middle number; found by ordering all data points and picking out the one in the middle (or if there are two middle numbers, taking the mean of those two numbers).




	Mean, median, and mode (practice)
Report a problem. Start over. Do 7 problems. Learn for free about math, art, computer programming, economics, physics, chemistry, biology, medicine, finance, history, and more. Khan Academy is a nonprofit with the mission of providing a free, world-class education for anyone, anywhere.




	PDF Mean, Median and Mode
Mean (Arithmetic Mean) To calculate the arithmetic mean of a set of data we must first add up (sum) all of the data values. (x) and then divide the result by the number of values (n). Since. is the symbol used to indicate that values are to be summed (see Sigma Notation) we. is the symbol used to indicate that values are to be summed (see Sigma ...




	PDF Project 1: The Great M & M Count
This analysis includes sample mean, median and mode calculations, as well as standard deviation and variance. Finally, a histogram is created to visually examine the sample data. Collected Class Sample: The results of the analysis on the class sample are in Table 1, including mean, median, mode, standard deviation, variance and range for the ...




	PDF 9 Data AnalysisMEP Pupil Text 9
9.1 Mean, Median, Mode and Range In Unit 8, you were looking at ways of collecting and representing data. In this unit, you will go one step further and find out how to calculate statistical quantities which summa-rise the important characteristics of the data. The mean, median and mode are three different ways of describing the average.




	PDF PRACTICE PROBLEMS FOR BIOSTATISTICS
Calculate the sample standard deviation. If the number 6.3 above were changed to 1.5, what would happen to the sample mean, median, and standard deviation? State whether each would increase, decrease, or remain the same. Suppose instead of 7 individuals, we had 14 individuals. (we added 7 more randomly selected observations to the original 7) 12.0




	PDF Lesson 13: Mean, Median, Mode, and Range
LESSON 13: Mean, Median, Mode and Range Weekly Skill: computation and real application Lesson Summary: First, students will solve a problem about buying carpet. In Activity 1, they will do a vocabulary matching activity. In Activity 2, they will do some examples and computation practice.




	PDF Lecture.4 Measures of averages
Solution Grouped Data The mean for grouped data is obtained from the following formula: Where x = the mid-point of individual class f = the frequency of individual class n = the sum of the frequencies or total frequencies in a sample. Short-cut method Where A = any value in x n = total frequency c = width of the class interval Example 2




	PDF Lecture 2
Median and InterquartileRange - Grouped Data. Step 1: Construct the cumulative frequency distribution. Step 2: Decide the class that contain the median. Class Median is the first class with the value of cumulative frequency equal at least n/2. Step 3: Find the median by using the following formula: ⎛ n ⎞ ⎜ - F ⎟.




	Mean Median and Mode
Mean median and mode are the three measures of central tendency. The mean is the value obtained by dividing the sum of the observations by the number of observations, and it is often called average. The median is the middlemost value in the ordered list of observations, whereas the mode is the most frequently occurring value. Q2.




	Statistics Formula
To solve statistical problems, there are few formulas of statistics that will be used the most, they are as follows : Mean: To calculate the mean of a given data set, we use the following formula,




	Practice Problems on Mean Median Mode
a) For this data, find the : (i) mean (ii) median (iii) mode. b) construct a column graph for the data and show the position of the measures of centre (mean, median and mode) on the horizontal axis. c) Describe the distribution of the data. d) why is the mean smaller than the median for this data ?




	Mean, Median, Mode: Definition, Formulas & Solved Examples
Mean, median, and mode are three important measures of central tendency in statistics. Learn the definitions, formulas, and solved examples of these concepts with Testbook, the leading online learning platform for competitive exams. Test your knowledge with MCQs on various topics and access smart features like time to answer and smart answer key.
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