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Lab 1
Excel: Good, Bad and Ugly
 (Expected Time: 60 minutes [plus time to connect with MyResearch])

Early warning: This lab is due by midnight next Thursday August 9, 2018.  Lab 2 is due the following Thursday, and Lab 3 is not due for 3 weeks, but Lab 3 may take more time than Labs 1 and 2.  Even if you are able to do Labs 1 and 2 on your own, Lab 3 may require help from a TA or someone else who has completed it successfully.  The best way to get this help is to attend the in-person lab sessions and start early to see if you have trouble.


Microsoft Excel is a powerful, useful tool for many purposes. However, Excel is almost never the right tool for entering or managing clinical research data. 

In this lab, you’ll learn about:
· Specific challenges in using Excel to manage clinical research data:
· For data entry
· For sorting or querying data
·  “Wide” vs “Long” approaches for representing relational data in a flat file format
· Techniques for making the most of Excel, if you have no other alternative

If you’re already an experienced Excel user, you may be familiar with some of these issues. This lab will give some clarity on why these are problems and practical solutions for minimizing them. Further, by experiencing the limitations of Excel as a data management system, you will (we hope) gain an appreciation for the advantages of the data collection tool (REDCap) and data management tool (Access) that you will use in this course. 

In today’s lab, you’ll work with a (highly simplified and anonymized) research data set stored in an Excel workbook. Most of the labs in this course will use this same data set in one form or another.

For today’s purposes, imagine a simple study design. The research question is whether neonatal hyperbilirubinemia is associated with neurological deficits in early childhood. Data is collected at these points:
· Subjects are enrolled soon after birth. Basic demographics are collected and the absence or presence of hyperbilirubinemia is noted. Data is collected via a paper “subject form.”
· Subjects receive five annual neurological exams (age 1 – 5). Data is collected via a paper “exam form.”
Examples of the subject form and exam form are given at the end of this document.

There are questions for you to answer throughout the lab.  Please answer these questions in the Lab 1 Quiz on the CLE.  You will also upload a modified Excel workbook at the end of this lab.  All labs in this course have 20 points possible.  For this lab, the quiz 10 points and the Excel file is 10 points.



* This is our first time working with the CLE’s Quiz feature.  We have tested it extensively, and it seems to work, but as a backup, you should also record your answers in the Lab 1 Answer Sheet at the end of this document  
 
Open Excel and download the sample Excel data
1. This lab requires use of Microsoft Excel. You can use Excel on your own computer (if it’s installed), or you can use Excel in UCSF’s MyResearch environment. Since MyResearch is required in all future labs, we recommend that you take this opportunity to use MyResearch. That way, if you have any problems connecting with MyResearch, you’ll have some time to troubleshoot the issues before next lab.

2. Open the Microsoft Excel application:
3. If using MyResearch: start by launching the MyResearch version of Chrome.  If using your own Excel installation, launch Chrome or another browser locally.
4. In Chrome, go to a fresh tab and search for “Epi 218”.
5. On the Epi 218 course page, log into the CLE by clicking “Syllabus” (from the navigation bar on the upper left), and from there, click “Log in” (upper right corner).
6. To download the sample data, right-click on the link to Epi218ExcelLab1Data.xlsx, save link as “LastName_Epi218ExcelLab1Data.xlsx” (where LastName is YOUR last name).   Remember where you save the file.
7. If using MyResearch, launch the MyResearch version of Excel, otherwise launch your local version.
8. In Excel, FileOpen”Epi218Lab1Data”.

Sorting with multiple rows
1. Make sure you are viewing the “Subjects” sheet.
[image: ]
2. You want to know how many of the subjects had hyperbilirubinemia (1=true, 0=false). Note, for example, that Lily Bart and Arthur Holmwood are both categorized as positive for hyperbilirubinemia.
· Highlight the Hyperbili_ind column. From the Excel Ribbon at the top of the window, select Data and then Sort. 
· Excel realizes there’s a problem. If you sort the hyperbili_ind column and not the other columns, your data will be hopelessly scrambled. So Excel gives you an alert and asks you whether you want to “Expand the Selection” to include neighboring columns. Select “Expand the Selection,” then click “Sort...” Excel gives you a dialog box for more options. Be sure that the “My data has headers” checkbox is checked. (You’ll need to keep this checked in all the sorts in today’s lab.) In the “Sort by” control, select “Hyperbili_ind.” Leave everything else as it is and click “OK.”
· But notice that Lily Bart and Arthur Holmwood are still in their same places (Excel Rows 3 and 4) and are no longer listed as hyperbili positive! What happened? Apparently, when Excel carried out “Expand the Selection,” it only expanded to the column “Race,” not to the other columns of the sheet. If you were paying attention, after selecting “Expand the Selection”, only the “Race” and “Hyperbili” columns were highlighted. Since there was a blank column between “Race” and the columns to the left, Excel decided not to expand the selection any further (with no further warning to the user). If you save your scrambled dataset now and don’t have a backup, you are in trouble, especially if you don’t realize what you have done.

Rows = Records: All applications specifically designed to hold data treat rows as records and columns as fields.  If you sort on a column, the whole row sorts.  We will see many problems with using a “flat-file” statistical package like Stata to store and manage research data, but at least it always treats rows as records.

· To return your spreadsheet to its original state, use the “Ctrl-Z” key combination. Alternatively, close without saving and re-open your saved spreadsheet, which is like restoring from backup.
· Now, select all the columns A through I and sort by Hyperbili_ind descending (“largest to smallest”).  If you are working with the original (unscrambled) dataset, Lily Bart and Arthur Holmwood should be the top two rows and they should still be positive for hyperbili.

Primary Key: Since all applications designed to hold data treat rows as records and sort whole rows (records) together, you can’t scramble your data by sorting columns separately the way you can in Excel.  But you might sometimes sort by one column and then by another.  We could predict that Lily Bart and Arthur Holmwood would move to the top two Excel rows only if you reproduced our instructions exactly.  If you first sorted on sex and then sorted on Hyperbili_ind (descending), Arthur would end up in Excel Row 28.  You should NOT identify or refer to a record based on where it ends up in a sort.  A fundamental principle of database management is that each record has a field called the “Primary Key” that uniquely identifies a record.  In this example, the Primary Key is SubjectID.  The SubjectID uniquely identifies a child enrolled in this study.  Even if two rows have the same values in the FName and LName fields, you will note that they have different DOB and/or different Sex and/or different Race etc.[footnoteRef:1] [1:  Because we are not asking you add new records to this Subjects table, we could get away with sorting who rows on SubjectID and then referring to records by their Excel row numbers.  Since SubjectIDs are unique, sorting on them gives a unique sequence.  We gave you the Excel file sorted by SubjectID, which is why we can predict how your sorts will end up.  As long as you haven’t scrambled your data by sorting on a column separately, you can undo any of your sorts by sorting on SubjectID.] 


· Try clicking on the top data cell, I2, and then ctrl-shift- [down arrow].)  Look for “Average”, “Count” and “Sum” fields at the bottom right hand corner of your Excel window. 

· Lab 1 Quiz -- Enter your answers on the CLE and (as a back-up) on the Answer Sheet at the end of this Word document.
· B1: How many total subjects in this study?  
· B2: How many with hyperbilirubinemia?  
· B3: What proportion had hyperbilirubinemia?

Indicator Fields: Always code Yes/No fields with “1” for Yes and “0” for No, as with the “Hyperbili_ind” field.


Dealing with odd formatting
1. Here’s another (seemingly) simple query for your data. How many subjects were born before 5/1/2011?
· To avoid scrambling your data this time, select all the data in this sheet – that is, all columns from A through I. (Be sure to select the entire columns.)
· From the Excel Ribbon, select Data and then Sort. (Note: Don’t sort with the similar-looking icons [image: ]. These icons do a simple sort; they don’t give you the options you’ll need.) In the “Sort By” control, select DOB. Make sure the Order option is “A to Z”.  Leave the other options alone for now and click OK.
· Excel gives a warning about numbers formatted as text. The warning is a bit obscure, and a user in a hurry might well skip past it. Select the option “Sort numbers and numbers stored as text separately” (this will probably be the default) and click OK to continue.
· At first glance, it looks as though the sort was successful. If you didn’t look closer, you’d probably conclude that none of the subjects were born before 5/1/2011. But if you scroll down, you will find DOBs before 5/1/2011.   For example, Mary Bennett was born on 01/04/2011 but sorts after 8/22/2011. Scroll down further and you’ll notice more and more problems with the sort. Can you explain why the sort failed?
· Use Ctrl-Z to restore your spreadsheet (or close without saving, then re-open). Try the sort a different way:
· Select columns A through I as before.
· Select Data and then Sort. 
· In the Sort By control, select “DOB.”  In the Order control, choose “A to Z”.
· Click OK. This time, when Excel warns you about numbers formatted as text, select “Sort anything that looks like a number, as a number.” Click OK.
· If you scroll down, you’ll see that the sort looks better now.

What happened? Apparently, the person doing data entry on this spreadsheet sometimes entered months in the style “08/01/2011” and sometimes in the style “8/1/2011.” This shouldn’t make a difference—they both refer to August 1, 2011—but Excel isn’t always rigorous about distinguishing between dates and ordinary strings of text. This can create some chaos on a sort. 

· Look at Excel Rows 283 through 286 (SubjectIDs 6517, 34070, 37650, 50542). The DOB for one of these rows is “Unknown,” but for the other three rows it seems likely that the DOB was in fact previous to 5/1/2011. Since these dates were entered in incorrect format (“incorrect” according to the US convention of mm/dd/yyyy format), Excel simply treats them as text, and sorts them to follow all numbers. 
· Lab 1 Quiz
· C1, write down your best guess as to the number of subjects with DOB before 5/1/2011. 
· Undo the sort with Ctrl-Z, or else close without saving and re-open.

In Excel, a cell can hold any type of data – some text, a number, a date, etc. This makes Excel a flexible generic tool, but not so well-suited for recording, storing, and managing clinical research data. Wouldn’t it be handy if your data system always ensured entry of valid data for the given context?

Field Types: All applications specifically designed to hold data treat columns as fields and require specification of a field name (column heading) and field type.  The options include:
Date/Time
Character (or String)
Integer
Real
Boolean (Yes/No)*

	* Except in select situations, we discourage using the Boolean (Yes/No) data type and checkbox controls because they don’t distinguish between “no” or “false” and blank or not answered.

Restricting categorical variables
1. In research data, you often want variables to take only one of several pre-defined options (a so-called “categorical variable”). To see the usefulness of categorical variables, imagine that you’re checking demographics of the subject population to ensure that there’s a sufficiently inclusive distribution.
· Select columns A through I.
· From the Excel Ribbon, select Data and then Sort. When you see the pop-up dialog box, select Sex in the “Sort by” control. Then use the “Add level” button to add additional sorts, for which you’ll choose Latino and Race as the second and third sorts, respectively. (All of these should be ordered “A to Z” or “Smallest to largest.”) Click OK to carry out the sorts.
· For how many female, non-Latino subjects was the Race field left blank? (In the Latino field, 1=Latino and 0=Non-Latino.)
· What about Excel Rows 116 and 117 (SubjectIDs 47988 and 51354)? Apparently, there was a slight data-entry problem: somebody typed in “Female” instead of “F.” 
· Lab 1 Quiz
· D1, write the correct number of female non-Latino subjects for whom the Race field was left blank. 
· Note also the “G” in Column E of Excel Row 118 (SubjectID = 48058). In the original study, “Female” and “Male” were the only categories defined for the Sex variable. (Of course, this is not the case in all studies.) Apparently “G” was an erroneous entry, but without further information you have no way of knowing what the correct answer should be. In this case, you check the paper form and find that Margaret Dashwood was female, so enter “F” for her Sex.

Note: Make sure to correct Margaret’s Sex and save the changes.  You will be uploading your file at the end of this lab. [2 pts]


2. The exercise above shows one of the perils of free-text data entry: users may enter alternate wording or spelling errors. Fortunately, Excel does (kind of) allow you to modify cells so that they accept only options that you’ve pre-determined. To set up the “Sex” column as a categorical variable:
· Check through all the entries in the Sex column (column E). Change “Female” to “F” wherever it appears. You should now see only M and F as entries in the Sex column.
· Insert a new Sheet to your Excel Workbook by clicking the “Insert Sheet” button alongside the Sheet tabs at the bottom of the window. (It’s hard to see. Alternatively you can use the Shift-F11 key combination.) Double click the new sheet’s name (“Sheet1”) so you can rename it as “Options”. 

[image: ]

· In the new Sheet, enter the letter F in cell A1 and the letter M in cell A2. These will be the options for your categorical variable.
· Go back to the Subjects sheet. Select the column for data entry of Sex (Column E). Now select Data and Data Validation... (and if necessary Data Validation once again) from the Excel ribbon. For the “Allow” control select “List.” For the “Source” control, enter this formula exactly:
=Options!$A$1:$A$2 
Then click OK.
· Now, whenever you click into a cell in Column E, you’ll notice a small button with down-pointing arrow, indicating that there’s a drop-down available. Notice too that now you can only enter M or F to any cell in this column. If you try to enter anything else, Excel won’t let you exit the cell until you change it to M or F (or a blank). 
· Your PI now wants to add “Transgender/Other” as an option for this variable. Go to the “Options” Sheet and type the letter T (for Transgender/Other) into cell A3. Is this sufficient to add T to the options for the Sex variable?
· If not: what else do you have to do to allow T as an option?

Coding a Field for Subject’s Sex: “F” or “M” is a fine system for coding a field for the subject’s sex.  Sometimes, it is preferable to use a numeric code.  In that case, always use 0 for Female and 1 for Male, or to be consistent with what we said above about indicator variables, name the field “sex_male_ind”.  The average value of this sex_male_ind field is the proportion of males in the sample.

Note: Make sure to modify your Excel file to allow Sex = “F”, “M”, or “T”, and save the changes.  You will be uploading your file at the end of this lab. [5 pts]


Relational data: the Wide (worst) approach
1. So far, we’ve been working solely with subject-specific data. Despite the problems we’ve encountered, Excel works okay for such a simple model. But the spreadsheet begins to get cumbersome when we want to relate different types of data. As mentioned on Page 1, subjects in this study receive up to five annual neurological exams. Now we’d like to organize all the subject data and all the exam data on a single sheet. This will be tricky, since there are multiple exams per subject. A two-dimensional grid isn’t really adequate to the task. However, there are ways to scrape by. First we’ll look at the “Wide approach.” which is commonly used and the worst possible solution. 
· Select the sheet labelled “Wide.” Notice that this sheet has data in 286 rows (285 subjects, plus one header row), just like the Subjects sheet. In fact, the first nine columns (A through I) are nearly identical to those in the Subjects sheet. But in this sheet there are additional columns to hold exam data.
· Each subject has up to five exams in the study, and in each exam there are three data points to be entered (exam date, examiner and exam result). There is also a fourth data point, “age at exam,” which the spreadsheet calculates automatically for each exam. Hence there are 5 × 4=20 new columns. (Of course, this is a simplified model; you would typically expect many data points at any data collection event.)
· The columns for the first annual exam are named ExamDate_1, Examiner_1, etc.; for the second annual exam they’re named ExamDate_2, Examiner_3, and so on.
· Enter data from the Examination Form (at the end of this document) to the Wide spreadsheet, being sure to enter it to the correct subject (row) and for the correct exam year (columns). (Ignore the “Today’s Labs” table for now.) Entering data for a single exam isn’t too bad, but consider the task of entering hundreds of records at a sitting. When all the data is stored in a single undifferentiated grid, as here, the user experiences visual fatigue and it can be easy to make mistakes.

2. The wide approach isn’t always easy for searches and queries, because data which is similar in kind must be stored across multiple columns.
· Lab 1 Quiz:  Based on the Wide sheet,
· E1. How many exams has Dr. Weaver conducted?
· E2.  Dr. Weaver examined one SubjectID twice.  Which one?  (Note: Many subjects have the same first and last name, but you should assume that if the SubjectID is different, then it represents a different person.)

· [bookmark: _GoBack]As this sheet shows, it’s possible to model relational data with a two-dimensional spreadsheet, but the task quickly grows unwieldy. Imagine that the design of this study includes tracking of lab results. During each of the five exams, the examiner is now supposed to note the results of any labs. Suppose that subjects may receive up to seven lab tests, and that for each test, we want to collect the lab code and the result.  (Even though the “Today’s Labs” grid on the data collection form has 4 columns, we only need 2 fields, not 4.  If we know the lab code, we know the lab name and the units.) 
· Lab 1 Quiz:
E3. How many new columns would have to be added to the Wide sheet to capture this information? (Note: We are asking for the total number of columns that would be added to the Wide sheet, not the number of columns per visit.)




Relational data: the Long (next-to-worst) approach
1. Another way to represent relational data in a two-dimensional grid is the “Long approach.” This approach is not used as commonly as the wide. Select the sheet labelled “Long.” The Sheet represents exactly the same data as that in the “Wide” sheet, but here it’s organized in a different way. Notice that this Sheet uses only 13 columns: Subject data in columns A through H and Exam data in columns I through M. 
· Note also that there’s a new kind of column in this Sheet: the ExamYear column. In the Wide sheet, we could determine the Exam Year (1 through 5) by the names of the columns where the data was stored. Since we’ve tidied up those columns, we now must add a new column to specify the Exam Year.
· There are 1,220 rows in this sheet – one row for headers and 1,219 rows for exams. (Actually, that isn’t completely accurate. We’ll get to that in a moment.)
· In this sheet, each exam (not subject) has a row of its own. All of the subject data must be repeated for each row. (This keeps the subject and exam data so we can “age at exam” from the subject’s DOB and exam date.)

Redundant data and opportunities for inconsistency – We will see why the Long approach is slightly less bad than the Wide approach for storing data, but repeating subject-specific data like DOB opens up potential inconsistencies.  Based on the Long table, what is the DOB of SubjectID 2101 (Hagrid)?   Make sure to check all of his exams.

Primary Key? – The primary key uniquely identifies a row, so SubjectID can not be the primary key for the Long table.  In fact, the primary key is a composite of SubjectID and ExamYear.  This is unique because these were annual exams.[footnoteRef:2] [2:  In the actual study, each exam record was assigned an ExamID.
] 



· To set up the wide-style Sheet, we had to know in advance the maximum number of exams that might be conducted for any subject. For this long-style Sheet, that’s not necessary. If most of the subjects have 5 annual exams but a few are followed until age 18, we can accommodate that with no change in table structure.
· Add the exam information for Oliver Twist (from the form at the end of this document). As you can imagine, it’s easy to make a mistake and enter subject data incorrectly to one of the exam records. To use a long-style spreadsheet effectively, you would need to find ways to avoid or at least find and correct such inconsistencies.

Note: Enter the exam information on Oliver Twist save the changes.  You will be uploading your file at the end of this lab. [3 pts]


2. As noted a little earlier, the number of rows in this spreadsheet (less the header row) doesn’t necessarily match the total number of exams entered. To see why, find Subject 18254, Anatole Kuragin. Apparently there haven’t been any exams entered yet for Anatole. However, we can’t leave him off the spreadsheet, since we need to store his subject data. In long-style spreadsheets, there’s ambiguity in the meaning of a row of data. (Note too that this makes Anatole’s AgeAtExam totally wrong. If there were many such subjects, and you were doing an analysis of AgeAtExam, you could easily reach an incorrect conclusion.)

3. In the long-style sheet, it’s easy to carry out some queries that were tiresome in the wide-style sheet.
· Lab 1 Quiz:
Using the Long Sheet, 
· F1: How many exams has Dr. Weaver conducted?
· F2: Which SubjectID did he examine twice?  (Remember: Different SubjectID = Different Subject, even if the name is the same.)

Summary
Please complete your Lab 1 Quiz on the CLE and upload your modified copy of the Excel workbook LastName_Epi218ExcelLab1.xlsx” (where LastName is YOUR last name) to the CLE.


The Wide approach is slight less bad than the Long approach because 1) it can accommodate any number of exams per subject; 2) it is easier to do things like count exams by Dr. Weaver and identify the subject whom he examined twice; and 3) it is easier to convert from Long to Wide than from Wide to Long (although we haven’t shown that to you).  

But if the Wide approach is the worst approach, and the Long approach is the next-to-worst approach, then what is the correct approach?  The answer is two related tables: a Subject table with one row per subject (285 rows) with subject-specific fields like name, sex, birthdate, race, and ethnicity; and an Exam table with one row per exam (1218 rows – Anatole Kuragin (#18254) doesn’t have a row in the exam table) containing the exam-specific information like exam_date, examiner, and result.  These two tables are linked by SubjectID which is the Primary Key in the Subject table and a “Foreign Key” in the Exam table.  If the database needs to track lab results, then we need a third related table with one row per result.  The idea of a multi-table relational database is the most important concept in this course.

Hopefully we have convinced you that Excel—though an indispensable, powerful, and flexible tool for many purposes—is almost never the right tool for entering and managing data for clinical research. In the remainder of this course, you’ll work with a data collection tool (REDCap) and a data management tool (Access) that solve all the problems encountered in this lab and many more.

[image: IJSLogo]Infant Hyperbilirubinemia Study          
Examination Data Form




Child’s Name	Oliver Twist		
Subject ID	43309			
Child’s DOB	8/28/11		
Child’s Sex	M	
Latino/Hispanic?		Yes	No
Child’s Race	Asian		Black		White	Amer. Indian	Other

Date of Exam	9/3/15		
Exam Year	4	
Examiner’s Name	Koop		
Exam result:
	Normal	Normal/Questionable	Abnormal w/Minimal Function



Today’s Labs:
	Lab Name
	Lab Code
	Result
	Units

	Hematocrit
	HCT
	33
	%

	White Blood Cell Count
	WBC
	12.2
	X1000/uL

	Platelets
	PLTS
	155
	X1000/uL

	Glucose
	FSBG
	96
	mg/dL

	
	
	
	

	
	
	
	

	
	
	
	





Epi 218: Lab 1 Answer Sheet

B1: How many total subjects in this study?  ________
B2: How many with hyperbilirubinemia? ______
B3: What proportion had hyperbilirubinemia?  ____

C1: Best guess: How many subjects had a DOB before 5/1/11?	______________

D1: Correct number female non-Latino subjects was Race left blank?	_________-

E1: How many exams has Dr. Weaver conducted?	_______
E2: Which SubjectID did Dr. Weaver examine twice?  _________
(Remember: Different SubjectID = Different Subject, even if the name is the same.)

E3. How many new columns would have to be added to the Wide sheet to capture 
lab code and result, 2 fields) for up to 7 lab tests per annual exam?		
(Note: We are asking for the total number of columns that would be added to the Wide sheet, not the columns per visit.)

Based on Long sheet,
F1: How many exams has Dr. Weaver has conducted?  _____
F2: Which SubjectID did he examine twice?  _______
(Remember: Different SubjectID = Different Subject, even if the name is the same.)


Upload your modified copy of the Excel workbook LastName_Epi218ExcelLab1.xlsx” (where LastName is YOUR last name) to the CLE.
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