[image: ]





	



EXCEL FOR PROGRAM ANALYSIS




[image: ]





























Table of Contents
Excel Basics – Getting Started	3
Data Cleaning in Excel	4
Sort & Filter	4
Filtering your data	5
Using the filter to tidy up your data	5
Removing Duplicates	11
Find & Select (Replace)	11
Using Find & Replace to Reformat Data	12
Using the Filter alongside Find & Replace	15
Functions and Formulae in Excel	21
Entering Your First Formula	22
Using Auto Sum	23
Introduction to Logical Functions in Excel	26
The “If” statement	27
Boolean Operators	28
COUNT	29
SUM	42
AVERAGE	44
STDEV	46
MEDIAN	46
MODE	46
Visualization in Excel	47
Pivots	47
PivotTable	47
PivotChart	49
Graphing & Charting	50
Creating Graphs	50
Appendix A	53
Appendix B	54
















[bookmark: _Toc86315051]Excel Basics – Getting Started

Thank you for attending our workshop series! This document will outline tips and tricks that will take you from beginner to intermediate in a short time. 

This document is the companion to the workshop series which is ran through the Office of Educational Effectiveness.  Application to self-study/program analysis is the main goal—but we’re hoping to be all-inclusive in our approach so that other campus units can also benefit from the information in this document. 


We will go over basic functions such as filtering, sorting, pivot tables, and aggregation functions to name a few! We will not go over data entry or formatting in too much detail, but there are links in the appendix that will facilitate your learning—these will cover any gaps that we may have missed or skipped over. 

 If you have any other suggestions for how to improve this workshop series or the compendium document please email our Research Associate, Benjamin Diaz.  






















[bookmark: _Toc86315052]Data Cleaning in Excel

[bookmark: _Toc86315053]Sort & Filter

Filtering in Excel is an extremely useful tool for the first steps in the analysis of your data. Filters help you discover preliminary patterns, hide irrelevant data, and search for critical pieces of information as you’re working through your data.
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In the above picture, you may notice in the first row that there are titles for each of the columns, this is important because these are where the filters will appear, and if there is actual data here, this will cause some data loss and possibly cause issues for your filters. 

[image: ]

On the right-hand side of the top of your Excel window is the “sort & filter” button. Press it and it’ll automatically insert filters across the top row in your file.


[bookmark: _Toc86315054]Filtering your data

Now that you have found the filter button, let’s put it to good use. In this example we will be filtering out all grades that are not A-F grade codes, and examine the data as well as go over some pitfalls when filtering. 
[image: ]
The image to the left shows the filter button, remember that Excel will not know where to place the filters unless you select the specific range, or you will get an error message similar to the one below: 
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So, once we select an appropriate range, we should have a filter that looks similar to the image below: [image: ]






                              


[bookmark: _Toc86315055]Using the filter to tidy up your data

So now that you’ve successfully used the filter to get “under the hood” of your data, we can use the same feature to tidy up the data. So, in our student_success.xlsx data we immediately notice several odd values within the student grades. For example, we can clearly see students who have AUD, which shows the student is auditing the class. Now, they may be important for certain lines of reporting, but if we want a clear picture of students who are taking this class for a letter-grade, we have multiple avenues for dealing with this. 
Depending on your specific needs or use cases, we have a handful of techniques for handling strange data. 
1. Filter then Copy & Paste:
The image on the right tells the story best, we select only the values we are interested in and from there we can copy the entire worksheet using Ctrl + A (Cmd + A on Mac) then Ctrl + C (Cmd + C on Mac), this will allow you to copy the data onto your computer clipboard, and from here we can select the “+” symbol on the bottom left-hand corner of your excel document as shown here ¯
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Once we create our new worksheet, we can use Ctrl + V (Cmd + V on Mac) to paste the data into the new sheet, so we don’t have to worry about data loss or making new versions of the same data.

[image: ][image: ]As we can see, the filter on the right shows the cleaner version of the previous data. We only have grades A-F and from here we can continue our exploration of the data for our report.

Also, we may want to rename the worksheet in an appropriate fashion; whereas we have a clear understanding of why this new worksheet exists in the first place—a name like “Sheet3” probably won’t tell us much about the information contained within the sheet, so we can double click the name and you should be able to highlight the word and change the name. Below are two pictures showing how the highlighted name looks before the change,
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and after the change. Here, we have named the sheet “A-F grades” which is a much more meaningful name.












2. Filter & Delete:
So, in this scenario we take on a slightly different approach, where we select on everything we don’t want in our analysis and just simply delete it. 
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On the left we can see our selection on the items we don’t want and on the right are a few options; either deleting our rows or clearing contents. Now, clearing the contents may seem like the natural thing to do so we will showcase the pitfall of doing this, and why it’s better practice to simply delete the actual rows themselves to save yourself some future issues. (Remember to de-select your header row by using Ctrl + Left Click [Cmd + Left Click on Mac], otherwise you’ll delete your header and it’ll make filtering and analysis that much more difficult!)








[image: ]As we see in the images below, we went with clearing the contents, but the problem here is excel still holds the rows in place, so although they seem empty, they’re actually filled with “blank” or empty data. Notice the orange hue of the row numbers of the image on the left, this color indicates that those rows are still active and in the same place as they were originally. This will be shown more clearly when we observe the entire worksheet with all the data. Notice the image of our filter on the right, where there were other grade codes such as AUD/IP/W etc. we see the filter now has a (blanks) category.





[image: ]
As we explore our data now (pictured on page 10), we can clearly see the issue of having these blank placeholders. We can delete the blank rows or we can properly delete the data in the first place. 












As pictured on the right, we can see the arrows pointing at the empty rows where our data used to live, this makes for more difficult data analysis down the line, and can be somewhat time consuming for you or your analyst to go through and delete these.



The image below to the right shows the data and filter if you choose to use the “delete rows” option instead of the “clear contents” option. It tidies up the data a lot more, with less problems. We can clearly see there isn’t a “blanks” category either, and there aren’t any missing rows in the data but all of the grades have been standardized to A-F values. (REMINDER: remember to de-select your header row using Ctrl + Left Click [Cmd+ Left Click] to keep from erasing your header row)
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[bookmark: _Toc86315056]Removing Duplicates

We may run into just odd data or blank cells when working with various datasets; we may have duplicate values… but not all duplicates are created equal. Depending on the case, and the column we’re exploring, it may be acceptable to have duplicates of the same variable (such as several of the same grades within a classroom) or the duplicates may be unacceptable (ex. IDs for surveys where each ID should be unique as to avoid double counting the same person). Be careful when removing these, as not all duplicates are created equal. But it’s wise to understand what you’re looking for may be redundant but still important that the redundancy exists. There are several methods for removing duplicates, such as using the filter itself to sift through the data, but there’s also a built-in feature that removes duplicates for you. Here, we will not go into too much depth but we will provide links in the appendix if you do require the removal of duplicates. Remember, a duplicate may exist but still contain unique information so before you remove be certain that your end goal is to find unique values and that other information lost during the process is irrelevant. 



[bookmark: _Toc86315057]Find & Select (Replace)

Now that we’ve covered the basics of filtering and provided a resource for removing duplicates, we go to another important feature of excel, which is the find & select tool. 

We can access the find tool with the keyboard shortcut Ctrl + F (Ctrl + F on Mac!) or by finding it on the button ribbon, pictured below:

[image: ]

This tool is very useful for a variety of reasons:
· Can help with cleaning your data into a more malleable format
· Allows you to change text-based responses from surveys into numbers for better descriptive analysis (i.e., Likert-type data into a numerical format)
· Can help correct typos and misspellings

[bookmark: _Toc86315058]Using Find & Replace to Reformat Data

In the following example we will use find & replace to change Likert-scale data from text (string) into numerical data (integer), but before we dive in, we need some context:

Most Likert-scale data uses either a 1-5 or a 1-7 range to indicate anything from “Never” to “Always”, or “Strongly Agree” to “Strongly Disagree”. Sometimes referred to as a satisfaction scale, most often people are exposed to this close-ended survey question modality via customer satisfaction surveys or sometimes in a professional or academic context. If you would like to know more information, please refer to Appendix B. 

More often than not, the Likert scale (abbreviated as L-S from here on) are used by researchers attempting to gain some insight about new products, services, or events. In our context, we choose to use L-S in order to better understand our students, staff, and faculty’s respective attitudes towards campus climate, usefulness of workshops (such as the one you may have attended!), or changes within the classroom. L-S is a very useful tool, but can take a little work to bend into its most useful format. We can use the find & replace tool in order to do just that; we can take text and replace that text with a numerical value in order to produce descriptive statistics such as means (averages) and standard deviations (how “spread out” data is from the average). 

It is important to take note of several things before replacing data with new values:
· Make sure the data will not suffer any “loss” from your replacement
· It’s best to keep data as-is unless you’re absolutely certain it’ll be better in a new format—sometimes the best thing you can do is nothing
· Count the number of points on your L-S
· If you’re unsure/unaware of your scale (i.e., if it has 5 points or 7 points, or contains a variable such as 0, -99, 888 to indicate missing, invalid, or unscaled items) then it’s best to confirm or fix the data as to where you won’t lose more information than you need to
· Not all replacements are created equal
· At times, certain words or phrases you may want to replace (such as “disagree”) may be contained in open-response answers and thus, you would suffer information loss. Be sure you either segment your data prior to replacing or ensure that no data will inherently be lost from your replacement.

Now that we have gotten some of the context out of the way let’s dive into our data!











Although the above picture isn’t exactly clear, the message we want to convey is, there are numbers, words, and blanks all throughout this data. We like data to be clean and uniform, so we should consider filters as well as our find & replace tool to be our friend in this situation. We will use these in combination to fix up our data and get it ready for analysis.
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[image: ]The picture on the top left shows the find and replace options, we can use “Go To Special” to get the list on the right, where you can select off various “special” cases. In this case, we will attempt to use the “Blanks” option of the Go To Special menu to attempt to make our life a little easier. Unfortunately, in our case, this doesn’t seem to work so we will use an alternative option. There are several reasons for why this might happen; either there may be spaces we don’t see or there may not be “true” blanks. In this case, it would take more time than it’s worth to find the cause in order to remedy the error show on the bottom left; so, we will take up an alternative option for finding the blanks.





[bookmark: _Toc86315059]Using the Filter alongside Find & Replace


So, although we weren’t able to select off the special data, we can still use our previous knowledge to fix up our data to make it suitable for analysis. Pictured below is our filter that we will use to select on our blanks. Although, in this case we are only using one filter to find the blanks, depending on your use case it may be better practice to use multiple filters across the spreadsheet on several columns to ensure you’re not deleting valuable information.
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As in the earlier examples, the orange row numbers indicate that there is “data” in them, but in our case our data is blank. So, we can either drag our cursor or Ctrl+A (Cmd + A on mac) to select all on the sheet, right click, then delete our rows. As indicated on the bottom left of the image, we have 55 of our records along the first column that contain blanks, so when we delete our rows, we should have 92 (if we were able to delete everything).
Now comes the interesting part, we can now use “select all” from our filter in the column we were working with, or the clear filter option, to revert back to our original view. As we can see from the image on the bottom, there are still a few more problems with this data. For starters, not all of our blanks were successfully deleted; this is to be expected. We cannot expect one filter on one column to properly delete all of our blanks, but it does give us a great start. Also, we know that “-99” isn’t exactly a meaningful entry on a L-S survey response. In this example, -99 indicates a question that was observed by the user but ultimately skipped. So, in this case, we can either replace the -99 placeholder with either a blank, or an N/A, or keep it as-is; in this example we’ll replace them with N/As to showcase the find & replace tool.

We will receive a confirmation message like this one à

[image: ]We have enough full rows that can just be deleted, but the other -99s that are embedded in the sheet should be replaced, for good measure. 
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Now, let’s use the filter again to find the     -99’s:


As we can see, we’ve captured our -99’s but we also have a few actual entries toward the bottom of our data. These will be unaffected by our find & replace tool as shown in the next image.



















After selecting the -99s within your range, you can simply right click and select delete rows which should clean up the dataset enough to begin the next step in our process, replacing those trailing -99s. Once we do that, we can see that the filter no longer has -99 but rather N/A.
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Replace – with Filter Confirmation
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In the above image, we are using the ribbon at the top of our excel program to find the Replace tool, you may also use Ctrl+H (Ctrl [^]+H on Mac) keyboard shortcut. This will bring up the replace tool’s interface below:
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It allows you to search for specific terms, gives you multiple search parameters; you may search within your specific sheet or the entire workbook as well as searching by rows or columns. 



We will now convert our strings (words) with integers (numbers), as shown below, we showcase what we would want to do, generally:


On the image to the left, we are finding the string value ‘Always’ and deciding to replace it with its L-S integer equivalent ‘5’. We click the highlighted “Replace All” button and we receive a confirmation message shown directly below. 

	


[image: ][image: ][image: ]








Now that we replaced our text with numbers for that one case, we continue to do this for the next 4 cases. The entire process is shown below, we notice our “Find what:” box filled with our term, our “Replace with:” box filled with our number and the confirmation message along with the number of replacements made. 






Now, we can continue to do this and double check that the replace tool worked properly by checking our filter:

[image: ]
As we can see, our replace tool worked like a charm! We have successfully replaced all of our terms with integers; now we can garner means and standard deviations from the data. (Note: if you need a refresher or introduction to the concepts of means & standard deviations [a.k.a.: descriptive statistics] refer to Appendix B)


We can also choose to get rid of our NAs, replace or delete them—your call. There are techniques for handling NAs and there is no “one-size-fits-all” technique, but these will not be discussed here, you may refer to reference 4 in Appendix B. 


For the sake of completeness, we have deleted the NAs entirely as seen below. 
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[bookmark: _Toc86315060]Functions and Formulae in Excel
	
So far, we’ve introduced a variety of functions from within the excel GUI (Graphic User Interface) but we haven’t done much more than simple cleaning of our data. There’s still a bit more to data cleaning but you should have enough tools at your disposal to begin using formulae to tease out some descriptive statistics for yourself, whether it is finding the mean, median, or mode of your data; or finding standard deviations, sums, or even a count of certain values—your individual needs will vary but more than likely you’ll like to know some or all of these values which describe your data. 

These values aforementioned are known as descriptive statistics—they may not necessarily give enough information and sometimes these values can be confused as having a deep meaning but these values are important for knowing how your data should look, they describe your data, and they are the beginning of an analysis that you may want to present on or report for campus leaders to begin thinking through what they might mean for the University. 

One example may be if we want to observe whether or not a body of students is satisfied with the education they’ve received. We could collect their survey results, clean the data, and find the average response; if the response is on average a positive one, we may want to see if there’s a wide range that differ by calculating the standard deviation of the data and decide whether we want to dig deeper as to why students are answering on a large range. There may be high/ maximum values for a particular group of students that negatively skews the overall results, or the distribution of scores may be tight, which could indicate most students are answering within a similar range as their peers across groups. This is the power of descriptive statistics. 

In Excel, some of these values may be calculated automatically or we could insert specific terms into the formula box, it all starts with an equal sign.













[bookmark: _Toc86315061]Entering Your First Formula 

In Excel, any expression that operates on values in a range of cells or a single cell is called a formula, these can as simple as adding two cells together or as complicated as using logical arguments to create new values. [image: ]Below is a screenshot of some sample data along with the formula bar (box with  next to it). [image: ]





As soon as we type “=” the box to the left of the formula bar changes to the most widely used formula, the SUM function. This allows you to select a range of cells to sum up, which is demonstrated below: 


[image: ]
Once we begin typing our function we can see exactly where we will be selecting our data from as shown by the highlighted blue cell, and simultaneously we can also see the types of arguments that are allowed by the SUM function, as denoted by number1, [number2]…




[image: ]




As pictured above, we can see how a completed sum function looks before entering it to be ran by Excel, we see the highlighted cells from which we are selecting the function to operate on, and the cell (A1) where the function will output its answer. 

[image: ]
As we see, the function itself is still shown in the formula bar, but the answer is being shown in the actual cell with which we have input our SUM function. In this case the answer is 15. 

You may also use Excel as a calculator! Please visit the appendix for more information.


NOTE: Selecting ranges and making cell references are very important aspects of using Excel to its full potential, but will not be covered in our document. Please see Appendix A  for a resource on how to create and change references.  


[bookmark: _Toc86315062]Using Auto Sum

For quick everyday tasks, AutoSum might be a good tool for you to get some quick descriptives out of your data. This tool as shown below, will automatically display the sum over a selected range of cells, so for example, if you’re curious about what the sum is over a column, you could select the entire column and AutoSum will display its answer on the cell below your selection.



[image: ]
[image: ]The AutoSum button can also be accessed from the formula ribbon as well as shown below, there you can access many other tools as well. This includes average, and counts.


The power of AutoSum lies with its ease of use, as shown below, you can simply highlight a column (or any other range of cells) and the tool will automatically display some descriptives below your selection without much effort. This is essentially a shortcut to writing the function directly into the formula bar.

This is not to be confused with the auto-calculate that excel provides on the bottom right corner of the excel GUI.

You may also notice the other two values, which may also prove useful to your beginning analysis of your data: average, and count coming from Excel’s auto calculate. We will go over the actual formulae of these as well but this auto calculate also displays the number of cells being used for its sum as well as the average value of the cell in the column. This can be very useful; for example, if you wanted to get a basic picture of what student attitudes are toward a certain question without doing anything other than highlighting your cells, we can find the average response, the only problem is we wouldn’t have the full picture without a standard deviation; which may show high variability between answers which might be due to outliers. 
[image: ]


For a more tangible example, as noticed in the previous paragraph, we see our previously converted survey responses on our trusty Likert scale, where we select, that’s what Excel uses for reference and calculates accordingly. 

We can see that from our question 10, students were on average between a 3 and a 4, slightly leaning toward 4, which on our Likert scale is in between Neither and Often (or Neither Agree nor Disagree and Agree)—depending on our question. 

As stated earlier, this auto calculation has its limitations: no standard deviation is displayed so we don’t know if the average is reliable or if it’s been skewed by outliers. 



















[bookmark: _Toc86315063]Introduction to Logical Functions in Excel

So, we’ve covered our first formula, and went over AutoSum, but to anyone who has done statistical analysis or a self-study knows—that’s just the beginning. We may have some specific needs, for example: your Dean needs to know 1.) how many students are attending the program, 2.) completing that program, and 3.) the total number of credit hours that program generated per full-time faculty. However, going through the data you realize that duplicate student IDs and academic year data exist. Is there a way to analyze that data with precision? 

Consider, if you pass a condition on your counting then you may be able to accurately provide those ratios and generate more meaningful reports—it would also allow you to find discrepancies in your data and may further motivate efforts toward data coordination, centralization, and democratization. 

We will not be going over the meaning of logic or provide too much in the way of context as to how we’re able to use if/and/nor statements, but we will provide resources in Appendix B if you feel like reading further on the subjects. Furthermore, we will still continue to use our examples within the context of self-study/program analysis, so although there will be additional resources in Appendix A linking directly to Microsoft documentation, we still suggest you go through this document for specific examples related to your work.

We will be reviewing a handful of logical functions (functions that you may pass conditional statements to, and they will be able to perform their functions based on those conditions). Errors may occur but we will attempt to handle any pitfalls we encounter within this document. Lastly, the organization of this section will be as follows: parent function à child function. This means the foundational function such as COUNT or AVERAGE will be introduced first, then their conditional equivalents such as COUNTIF and AVERAGEIF, to avoid confusion and to provide a fluid stream of consciousness for the learning of these functions. 







[bookmark: _Toc86315064]The “If” statement




[image: ]




The above diagram shows a basic “if-statement”—it brings forth a condition: in our case: did an animal meow? If so, the program then goes to the TRUE statement: if [CONDITION] à if met (TRUE) then [DO ACTION], if not (else) then [DO OTHER ACTION].

It’s a fairly simple concept but it’s the beginning of understanding basic logic functions that are common to all computer languages. We can embed various if-statements into an if/else statement as well, where we have an if [CONDITION] à if TRUE then [OUTCOME 1] if FALSE, (or else) then we can either check another condition in the vein of another if-statement. This may sound confusing (because it is!) but we won’t do much embedding if-statements, but there is a more in-depth explanation of if-statements in Appendix B. 

The most important thing to remember about if-statements, in the context of program/unit data, is that we can use if statements in such a way that allows us to control the flow of how data is being read and; in turn, analyzed. For example, if we want to use the COUNT function to count only a certain criterion within the dataset, we can pass that criterion (e.g. “strongly agree” & “agree”) which will allow us to count groups of students who strictly agreed with the statement, regardless of the degree of their agreement. We will cover some of these cases in this document but it’s important that you (the user) are attempting these on your own. 

[bookmark: _Toc86315065]Boolean Operators

Without getting into the complexities of logic gates and computer/integrated circuits we will provide a little context into the world of Boolean logic (and Boolean operators).

Boolean denotes a system of algebraic notation which is used to represent logical propositions, most notably in computing—typically referred to as “binary” or “binary variables”, Boolean variables refer to a system with only two possible values: True and false (or 1 and 0). 

(Note: Not to be confused with binary code which refers to the coding system of 1s and 0s which most computers can trace their codes back to, these were later replaced with hex and ASCII) 

So, in the context of Boolean logic, we can think of True as 1 and false as 0; now, if we go a little further, we can subject these to a variety of operations or “gates” that we can pass through if certain criteria are met. Below is the most basic example of this, represented in a Venn diagram. 




Here let’s imagine a database of all the known sandwiches in the universe, and think of two ingredients, say peanut butter as one of them and jelly as the other. Now, using the Venn diagram above let’s consider three scenarios:

1. AND: we pass both peanut butter and jelly and get the intersection of the two “areas” where both peanut butter and jelly exist (e.g., peanut butter and jelly sandwiches; peanut butter, jelly, and cottage cheese; peanut butter, jelly, and banana sandwiches)
2. OR: we pass either peanut butter or jelly into our function which gives us the union of the two spaces where either peanut butter or jelly exist. – This gives us the most data from the above data: (e.g., peanut butter and banana sandwich; peanut butter, jelly, and ham sandwich; jelly and cottage cheese sandwich)
3. NOT: This is the most exclusive of the three, as we are choosing to exclude one of these features from our parsing. So, let’s say we say anything but peanut butter—or search for sandwiches that do not contain peanut butter (maybe due to an allergy constraint) so for our context in the above picture we would say jelly minus peanut butter or even the set of jelly minus the set of peanut butter (Jelly complement peanut butter for the mathy types). This will provide any sandwich without peanut butter but contains jelly (e.g., jelly and roast beef sandwich, jelly and cottage cheese sandwich, jelly and grilled cabbage sandwich)
[image: ]
[bookmark: _Toc86315066]COUNT

Here we begin our study of the COUNT function. The COUNT function allows us to count the number of cells that contain numbers within the list of arguments or our range of cells.  Below we can see an example of our use of count. We have a range of numbers we input into the COUNT function, and the output is exactly what we expected:

[image: ]
a tally of cells that contain numbers, which totals up to seven.

You may have a few questions, such as, “what if I want to count more than just one row or set of data?”, “what else may get passed along within the COUNT function output?”, “why do I care to even know the number of cells which have data or not, especially If I’ve been cleaning my data?”. These are all valid questions that we will address, in order.

So, in an attempt to answer the first question: yes, we can pass multiple arguments (or ranges of cells) into our COUNT function; as shown below we have messy and disjointed data.

[image: ]

Luckily, the COUNT function can count across multiple sections and ranges as show in the next image:


[image: ]








We can see that there are multiple sections highlighted here which are all a part of the COUNT functions multiple arguments. (These can be selected using your cursor by clicking + dragging along your specific ranges, this can also done along multiple sheets as shown in a later example.)








[image: ]



Zooming into our formula bar, we can see the ranges separated by commas and each range is specified via the starting cell reference then ending on the opposite end of the colon with the last cell reference. (Note: these are relative references, not absolute; which isn’t important here but be sure to know the difference, there is a reference in Appendix B) 

But what if we just wanted to be lazy in this instance and highlight everything, even the blank cells? Well, let’s test it.

[image: ]


Above, we can see that we used a more catch-all approach, to find the count of cells with data. But will it output the same as if we had segmented the areas where we did have data entered? 

[image: ]
The zoomed-in image shows the range being counted as B2:J13, this output is shown below.

[image: ]








Continuing on with our example; COUNT() can also reference across sheets along your excel workbook, as shown in the image below.
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The above image is just to highlight the fact that one can count across sheets in the same workbook with ease. The number outputted is immaterial to the example; you can see that the sheet is referenced by name, in this case, “Formulae” the sheet reference ends with the exclamation mark, and is then preceded by the cell reference range. 

Also, remember that this function only counts up numbers, so any other data such as strings (characters/words) will not be counted

[image: ]


[image: ]A zoomed-in view of the previous image’s formula bar à






[image: ]The above image shows the output of the count, which is the same answer given to us earlier in the section, but just to further drive this concept home is the same image from earlier below for comparison. 

[image: ]


Things to note:

· Check for any trailing ranges and be certain the ranges you are highlighting are ones that you would like to know the number of cells containing numerical data
· Double check to ensure you’re not overlapping data or duplicates; this isn’t like a UNIQUE function, which outputs the strings/numbers which are unique within a dataset. You can combine functions such as COUNT(UNIQUE([reference1],…)) but those kinds of use cases is outside the scope of this document
· Double counting is real and an example is shown below:

[image: ]










As you can see, the same range was selected twice, therefore you get 63 + 63 (or the count of cells with numbers in the range multiplied by 2). 

Just be wary of this issue, but you can always double check your formula in its respective box to ensure there are no mistakes. 
 
COUNTIF
Now that we’ve gone over the parent function, we will now observe the use cases for the “if” variation of COUNT, COUNTIF—this version of COUNT allows you to pass a logical argument an if-statement before the COUNT function. This essentially allows you to pass a certain criterion to Excel and will count the cells that fit that condition. As stated above, it uses the if framework to test for TRUE/FALSE. 
[image: ]

In the above image we can see that the condition is in quotation marks, in our case: “Never” being the key word that Excel will parse for; the range is just like for any other formula.






[image: ]
Just to highlight the point; we have the output shown on the image just below our formula; the same formula provided a count of 24, so for this individual column, we had 24 students answer “Never” to the specific question. Now, you can see how this would be useful—let’s say even without find/replace we can still get counts of whatever specific answer you wish to observe. 
[image: ][image: ]

Remember that the function COUNT/COUNTIF…etc. are NOT case-sensitive, as shown in the images above. We will not go over how to count case-sensitive cells in this document but please refer to Appendix B for a resource on how to do just that. 

In cases with just the IF function by itself, you must pass the condition you want as well as the output. When using these hybrid functions, we need not do that because we are already expecting a certain style of output, namely the parent function with which we are using (i.e., COUNTIF will always give a tallied output). 

COUNTIFS
To continue, we have used COUNTIF with one condition, now we can submit several conditions to the function with COUNTIFS (Strongly agree/ Agree Pairing for summarizing data). But this is where things begin to get a little more complicated, but please be patient; in time you will be writing very complex functions in Excel!

So, earlier we had only one condition, which is fine but at times it may be too limiting; what if we wanted to hone in on a specific case across multiple columns? COUNTIFS can be the answer you’re looking for. 

(Note: COUNTIFS is the function, if you attempt to pass more than one range/criterion to our data then you’ll run into an error) 

(Note II: COUNTIFS works using AND logic, as opposed to OR logic. But we can still pass OR logic into the function, it just takes a little more effort which we will go over in detail.) 

[image: ]

Now, we don’t necessarily need to use COUNTIFS over COUNTIF for the OR case, but for the AND case we do. We can use both to pass over an OR statement but we may only use the plural version for AND functionality. 






In the first example of an AND statement, consider the top image: we are passing one criterion into the function which outputs the count of surveyors who answered “Never” to this specific question, in this case: six. Very straightforward.
[image: ][image: ]


Now, for the next image (shown above) we notice now we are passing two criteria for the same function, but now we have half the number of responders who answered both questions from columns A & B with a “never”, which explains why it’s “harder” or a more exclusive group with fewer members.

Now, if we tried passing these same arguments into a COUNTIF function we get this error message:


[image: ]
Now, let’s say we wanted a less exclusive group; for example: we wanted the folks who answered “never” for either A or B then we can use OR statements. These can be done one of three ways:

Method 1:
This first method is probably the easiest to understand and execute; it includes the “+” operator which just sums up the various values from each function, effectively giving the function of an OR operation in Boolean logic.
[image: ]
Very straightforward, excel essentially takes these functions separately then sums them up.

Method 2:
The other way is to use the sum function!
 
[image: ]
Method 3:
If you’re really interested in some interesting functionalities of Excel, you could opt for the sumproduct version of counting:  
[image: ]
The neat thing about this method, is it actually converts the output into an array with True/False values, which we then convert into 0/1s values (binary) subbed into the array. (e.g., {T,F,F,T,T,T} à {1,0,0,1,1,1})
We then get the sum of that array and voila!, we have the sum of all instances that matched our critera as our final output. 

For sake of completeness, we will show one last set of examples where we pass 2 different criteria, but for the same column. We pass array-style syntax in order to achieve this. 
[image: ]
[image: ]with plus operator
[image: ]
with array syntax 

without SUM function (this only outputs one of the numbers between your criteria)
COUNTA
Lastly, we observe the catch-all version of COUNT, with COUNTA. This function counts cells containing any type of information: including error values and empty text. 
This function can be useful from time to time, but you’ll most likely use the COUNTIFS function in your analysis. 

COUNTBLANK
[image: ]Lastly, COUNTBLANK is also useful, at times. But be mindful, that it only counts blanks not empty text such as “ ”  which contains a space, will not be counted, as we will show below:
[image: ]

[image: ]













In the pictures on the earlier page, we notice that the 8 cells were completely blank, but below, we have one of those cells with a space, which doesn’t return “empty” text. Therefore, it’s not counted. 

So, be aware of any spaces within your cells. You could use find & replace to rid yourself of hidden spaces, or even use COUNTBLANK with a “+” operator and a COUNTIF with a space as your criteria. Either way, you have a variety of options when handling our data!

[image: ]

[bookmark: _Toc86315067]SUM

SUM is an extremely useful function that allows you to add up all of the cells within a range, or find the summation of the values of these cells. Please visit Appendix B for more background information such as the mathematical notation.

We have used the SUM function in the earlier examples, but for completeness, we will cover a few examples before moving on.


In the same dataset we’ve been working with, go to the “Tests Official” tab to begin; we will be here for the rest of the section.

Our data has some blanks due to students being out sick or had missed the exam with/without an excuse. 

SUM is a useful function because it leaves less room for error; it ignores text and non-numeric characters when passing in a range of cells. 

SUM is also a lot faster than purely using the “+” operator, even though it has its place, SUM is a much terser function when it comes to saving on keystrokes. 

The image you see shows the sum of 13 separate test scores, done quickly just using cell references. Imagine using the “+” operator 13 times! This function will save you time when doing summation calculations.


But, remember if you want to evaluate the SUM with specific criteria in mind, you will need to use SUMIF.






















[image: ]

SUMIF

Now that we’ve studied the parent function, now we will study the SUM function with the conditional “if” attached to it—this function may prove useful when summing specific values within a range of your data. 

SUMIF, along with AVERAGEIF both are slightly different than COUNTIF, in that you can pass two sets of ranges: the range you’re checking criteria such as if you wanted to specify a department or a certain class. We will review this syntax with the AVERAGE function.



SUMIFS
[image: ]
The same way the IFS vs the IF version in COUNT allows for multiple conditions to be passed, the same goes for SUMIFS, 
[image: ]


We can pass multiple criteria in this function, allowing us to use our conditional AND to further filter down our results.


[bookmark: _Toc86315068]AVERAGE

Averages are extremely important when beginning any analysis. These are usually the first numbers to be asked for in any self-study/program analysis, and along with the standard deviation, these can instantly describe some key elements of your data without too much effort on your part. For the statistical notation please see the reference in Appendix B.

Essentially this function just gives an average of the range of numbers that you provide in the same way that COUNT and SUM do; you pass in the reference and it’s read. 
[image: ]


(Note: this function ignores text and blank cells, so if you want to pass in specifics such as 0s for specific cases, you might be better off using SUMIF/COUNTIF for your individual calculations—i.e., using COUNTIF in the denominator to count unexcused absences to provide a weighted average for certain students) 

e.g., 






This will provide an average, but a more or less weighted average; in this case the letter “E” which is short for “Excused Absence”, we tell Excel not to count this in the denominator, but we still find the full sum (as the SUM function ignores non-numeric values) which will give us a weighted average for all tests, missing with unexcused absences included. 

AVERAGEIF
[image: ]
Now that we’ve studied the parent function, we proceed to study the conditional “IF” version of our AVERAGE function: the AVERAGEIF function. This allows us, as with the previous functions, pass a condition into the function—this will act as a restriction on our average and allow us to filter out specific attributes and take their averages.









As stated earlier for SUMIF, AVERAGEIF has the same syntax, so one example should suffice. If not, please view the documentation link in Appendix A for a more thorough example. But in short, we have a range that we check our criteria from (the first range), then we tell the function what to look for: in our case any students in “Class A”, lastly; we submit the range for which we want the averages to be calculated. Thus, if we have subcategories, we can quickly observe them within this function. Unfortunately, the standard deviation function doesn’t have an IF sister function, so we would have to get more creative to tease that information from our data.
[image: ]

AVERAGEIFS

Similar to AVERAGEIF, AVERAGEIFS allows multiple conditions to be passed. This can be important when attempting to disaggregate specificities in data and tease out certain nuances in your dataset. This can help act as a strong filter for finding descriptive within breakout groups.
[bookmark: _Toc86315069]STDEV

Lastly, usually coupled with an AVERAGE function, the STDEV allows us to solve an estimate for standard deviation within a specified range. For mathematical notation and conceptual help, please visit Appendix B for further background not covered in this section. 

Unlike SQL, there is no STDEVIF function which exists, but we can piece together from the lone IF function and nest it within the STDEV to create a makeshift equivalent. This can be useful especially when using STDEV in conjunction with the AVERAGEIF function. We will not cover this type of use case but feel free to play around with and explore your Boolean operators such as * for AND and + for OR. This could open up a lot more functionality for any use case you may come up with. 

In Reprex_1.xlsx we have an example of a conditional STDEV function, but be aware that that specific formula needs to be entered in a special way for Excel to read it properly, it must be indicated to Excel that this is an array argument. How you enter this as an array you must enter it with Ctrl+Shift+Enter (both for Mac and Windows). If you do not, you will get an error of some kind. 

[bookmark: _Toc86315070]MEDIAN

The median refers to a value lying within the midpoint of a frequency distribution of observed values, in such a way that, picking a value within the distribution would have equal probability of landing above or below that value. 

These share similar syntax, and can be observed using the dataset named “Reprex_1.xlsx” provided by our awesome team J
[bookmark: _Toc86315071]MODE

Most frequently occurring/repetitive values within a set of data. 
Again, we can view an example of this in “Reprex_1.xlsx”









[bookmark: _Toc86315072]Visualization in Excel

Now that you’ve learned about data cleaning, data manipulation, and calculating important values, we have enough to move forward and create visuals for our reports. Every good report needs visuals to accompany it—humans are visual creatures and if we can include meaningful and simple graphs then we are on our way to creating a strong actionable report.

[bookmark: _Toc86315073]Pivots

PivotTables and PivotCharts are as useful as they are simple; they can quickly show trends, expose equity gaps, and convey information quickly and without much effort. Once you’ve gone through this section you should be able to quickly generate tables and charts which are both interactive and informative. 


[bookmark: _Toc86315074]PivotTable

We will be working out of Reprex_1.xlsx again, out of sheet “Test Scores 2”. We can see the same data but now we will be handling it in a different fashion. 
[image: ]
The PivotTable option is available within the “Insert” ribbon.

In the gif below, we can see an example of how to build out a PivotTable, as you can see it’s a fairly simple interface which allows you to drag & drop and click your way to viewing your data with a different outlook.


[image: ]


Being able to tabulate your data is useful for a variety of reasons, but as demonstrated above; the PivotTable allows us to view groups in a different way, with calculated values, and without having to insert a ton of different formulae. 












[bookmark: _Toc86315075]PivotChart



[image: ]
There are many different options when using PivotChart. It’s an interactive chart that does much of the same as PivotTable, but with the added bonus of a visual. You can select specific parts of the graph and explore the many options for making your graph highlight the points you want to convey. For a static report, one must consider those limitations—you won’t be able to hover over and view numbers in a static or printed report. 










[bookmark: _Toc86315076]Graphing & Charting

Since we have gone over the functionality of a PivotChart in the previous section, we can move onto the other options for visuals. We don’t necessarily need to create a pivot in order to have strong visuals—there are plenty of options in Excel which allow us to begin the first steps to building good reports and creating the necessary analysis for program 

[bookmark: _Toc86315077]Creating Graphs

We are all aware of the need for visuals in any report, but this is especially true for program analysis. Although, you may mostly work with PivotCharts and PivotTables, we would like to finish off by showing you a few more options for graphs. The two most commonly used for self-studies would be the bar chart. Next, we would like to highlight a variation of the bar chart: the stacked bar chart. We’ve seen these in the past, so there’s not much in the way of introduction this time, but we are confident that you’ll see the importance of these two graphs and implement them in your own work.

Bar Charts
[image: ]





In the gif above, we showcase some of the charting options within Excel. As you may notice, there are a variety of ways to create charts for your various needs and styles. There are plenty of options so feel free to play around with the options and try to have a little fun creating your very own bar charts!
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Thank you!!









[bookmark: _Appendix_A]


[bookmark: _Toc86315078]Appendix A

1. Filtering
1.1. Handling Inconsistent Data (misspelled entries)
1.1.1. Microsoft Filter Guide
2. Removing Duplicates
2.1. Microsoft Removing Duplicates Guide
3. Find & Replace
4. Formulas in Excel
4.1. Cell References 
4.2. COUNT
4.2.1. COUNTIF
4.2.2. COUNTIFS
4.2.3. COUNTA
4.2.4. COUNTBLANKS
4.3. SUM
4.3.1. SUMIF
4.3.2. SUMIFS
4.4. AVERAGE
4.5. STDEV
5. PivotTable
5.1. Use multiple tables to create a PivotTable
5.2. Using Slicers
5.3. Calculate values in a PivotTable
5.4. Deleting a PivotTable
6. PivotChart














[bookmark: _Appendix_B][bookmark: _Toc86315079][bookmark: Appendix_B]Appendix B

1. Freezing Panes
1.1. Freezing Panes Microsoft Guide
2. Likert Scale
3. Mean & Standard Deviation (Non-Technical)
4. Handling Missing Data (Technical)
5. Logic Design
5.1. Logic Programming (Technical –Prolog Example)
6. Basic Excel Formulas Guide 
7. Using Excel as your calculator
8. Count Unique values among duplicates
9. Detecting Errors in formulas
10. How to avoid broken formulas
11. Measures of Central Tendency: Mean, Median, Mode
11.1. Mean
11.2. Median
11.3. Mode
12. If Statements
13. Counting Case-Sensitive Cells
14. COUNTIF with OR Conditions
15. Conditional Standard Deviation 
16. Excel Median IF Array Formula



(Note: If towardsdatascience/medium articles are limited use incognito tab to view fully)
(Note II: If there are paywalls behind some articles, look at the parent URL and add a “.” after the .com {ex: yoursite.com/ will be rewritten as yoursite.com./} this may allow you to view certain pages)
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