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Overview

XLStatistics is a set of workbooks for Microsoft Excel (Version 97 and above) that can be used to carry out most of the commonly encountered types of statistical analyses of data. The set comprises 10 basic analysis workbooks each designed to handle data with a particular combination the two basic types of variables - Numerical (Num) and Categorical (Cat). Other workbooks are linked into the basic ones. There are a few other workbooks that perform special tasks.

The workbooks can be accessed by clicking buttons on the XLStatistics Launch-pad:
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or (more conveniently) selecting from the XLStatistics menu on Excel’s main menu bar:
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Note the overall structure pictured in the Launch-pad – Analysis Workbooks that handle data with various combinations of variables; and a few Other Workbooks. A list of the capabilities of each workbook is given in the Summary of Workbooks section below.

All the XLStatistics workbooks are (deliberately) quite standard Excel workbooks that, as far as possible, use only built in Excel operations, with only a few macros that update things Excel itself doesn’t. They are designed to be very simple-to-use. At the most basic level all users need to do is enter their data in the Data section of a workbook - Excel and XLStatistics does (most of) the rest. Summaries, charts and analyses appropriate for the type of data entered are automatically computed so there are no more questions like “what test do I apply here?” or “how do I draw this type of picture?”. Users can alter anything in cells with blue text in the workbooks, as needed, to modify the analyses, and they can apply their own formatting to all cells and charts.

Hardware requirements

The XLStatistics package uses Microsoft Excel (version 97 and above) for the actual workbooks, and Word (version 97 and above) for this documentation. The requirements for running XLStatistics are therefore exactly the same as the requirements for running these Microsoft products. They will run on a MAC or PC based system; on a Mac you really need a PowerMac. On a PC, at least 8 meg of RAM is recommended, about 20 meg of hard-disk space is required for the whole package.

Installation

Depending on how you received XLStatistics, you will either have

· a file called XLS5.EXE, or

· a file called XLS5.ZIP, or

· three files called XLS5A.EXE, XLS5B.EXE and XLS5C.EXE, or

· a self-installing file called XLStatistics Installation. 

The file XLS5.ZIP is an archive in zip format. The files XLS5.EXE, XLS5A.EXE, XLS5B.EXE and XLS5C.EXE are self-extracting versions (still in zip format) containing the same files. When the files are uncompressed you will get about 70 Excel files. These should all end up in the same folder on your hard disk, but it doesn’t matter which folder or what it is named.

Install the workbooks:

PC:
(
If you get XLStatistics on floppy disks there is an install program on Disk 1 that will do it for you – run Install and follow the instructions.

or

(
Copy XLS5.EXE to a folder (any folder will do, but a new empty one is probably best) on your hard disk and double-click on it.

or

(
Use your favourite decompression program to uncompress the files in XLS5.ZIP to a folder (any folder will do, but a new empty one is probably best) on your hard disk.

or

(
Copy XLS5A.EXE, XLS5B.EXE and XLS5C.EXE to a folder (any folder will do, but a new empty one is probably best) on your hard disk and double-click on each in turn.

Mac: 
(
Use a decompression program that can handle zip files to uncompress the file(s), putting all the resulting files into the same folder on your hard disk. 

You should end up with about 70 workbooks in a folder on your hard disk.

Quick start to using XLStatistics – 8 easy steps

1.
Open XLStats.xls. If you used the self-installing package, a shortcut  called XLStatistics that opens this file is placed on your Start menu; otherwise open XLStats.xls from within Excel or double-click on its icon. You may be warned that the workbook contains macros; if you are, click ‘Enable macros’. The XLStatistics Launch-pad will appear and an XLStatistics menu item is added to Excel's main menu bar.

2.
Hide Launch-pad (optional). The Launch-pad is a good way of seeing the overall structure of XLStatistics, with different workbooks for analysis of data with different numbers and types of variables. But it is more  convenient to always access the workbooks from the XLStatistics menu. To help avoid any confusion you may wish to hide the Launch-pad by clicking the button labelled ‘Hide Launch-pad’ (lower right of window). The XLStatistics menu will remain on Excel's main menu bar not matter what.

3.
Organize your data in a separate workbook. Your data needs to be stored in a separate workbook of your own, organized on a worksheet in a matrix with the variables in columns and each row corresponding to a separate case. There must be one header row at the top containing the names of the variables. Columns containing numerical variables should contain numbers (though any non-numbers will be ignored in the analysis). Columns containing categorical variables can contain any labels - descriptive words like ‘Female’ or ‘Male’ or codes like ‘0’ and ‘1’. Variable names can be any character string. 

4.
Highlight the data on your data worksheet in Step 3. Highlight one block of data only making sure to cover the variables you wish to analyse and including the header row with the names of the variables. The variables you wish to analyse do not need to be in adjacent columns - simply highlight all intermediate variables as well if they are not. You can highlight whole columns – then XLStatistics will then use the largest rectangular block in the selected columns that contain data. You cannot select multiple areas (using Ctrl-click, for example) - only one block of contiguous cells can be highlighted.

5.
Select the appropriate analysis workbook from the XLStatistics menu. The appropriate workbook depends on the number and type of the variables you wish to analyse. The type can be either Numerical (Num) or Categorical (Cat). Extra variables you may have highlighted in Step 4 above are ignored when deciding what workbook to use - consider only the variables you wish to analyse. After the appropriate workbook has been selected from the XLStatistics menu, the workbook will be opened and the data linked to its Data area.

6.
If necessary, select the variables you wish to analyse. If you had highlighted a number of extra variables in Step 4 (other than the ones you wish to analyse) or if you wish to analyse different variables, use the drop-down boxes in Row 2 near the top of the Data area to pick your variables.

7.
View results and modify as needed. Most analyses appropriate for your variables are carried out automatically on sheets in the XLStatistics workbook, but you will probably need or want to make some adjustments. Text that you can safely alter is in blue and there are usually checkboxes, etc, that can be used to alter the basic analyses that are provided. You may need to alter formatting of cells (the number of decimals places that are displayed, for example) or charts (to place legends as you want them, for example). There are links to other workbooks that contain further results if needed.

8. Save your results. Do not save the XLStatistics workbook to save your analyses - instead copy the required results out and save individually. You can use regular copy-and-paste operations to do this (though results should be pasted as pictures, if possible) but it is easier to use the ‘XLStatistics Record’ facility, as follows:

When you have a result you wish to save select it by highlighting (in the case of cells or tables) or clicking (in the case of charts) and select Record from the XLStatistics menu. The selected results are copied as pictures to cells in Column A in a sheet named ‘XLStatistics Record’ that is added to your original data workbook. As more results are recorded onto the same sheet they appear in successive cells in Column A. You might like to add a brief comment about each result in the adjacent Column B, or copy the picture from the sheet and paste into Word. 

To uninstall

Simply delete all the files in the folder where XLStatistics was installed.

Options

There are a few options that you can set, under ‘Options’ in XLStats.xls.

Entering data. You will need to paste or link your data to the XLStatistics workbooks. This can be done in a number of ways that are described under ‘Organizing and Entering Data’ below – choosing ‘Automatically enter data’ means that if you have data highlighted in a workbook when an XLStatistics workbook is selected from the XLStatistics menu then it will be automatically entered into the workbook.

Default setting: Automatically enter data.

Protection of workbook. When ‘Open workbooks with protection of workbooks turned on’ is clicked, workbooks in XLStatistics are protected when opened – then you cannot accidentally remove or rename sheets in the workbook.

Default setting: Protection turned on.

Protection of worksheets. When ‘Open workbooks with protection of worksheets turned on’ is clicked, worksheets in XLStatistics workbooks are protected when opened – then only safe changes can be made to the worksheet. See “Protection of worksheets” below for details. For novice users it is recommended that you turn on the protection.

Default setting: No protection, because protection also takes away your ability to carry out simple formatting on the worksheets.

Recording. If data in an Excel workbook is linked to one of the XLStatistics Analysis workbooks for analysis, results can be saved on a sheet back in your data workbook by selecting Record from the XLStatistics menu. If you click ‘Use Ctrl-r as shortcut key for recording’ you can use the shortcut key Ctrl-r (on a PC, or Control-r on a Mac) instead of select Record from the menu. You can also choose if you want to see the recorded results immediately after they are recorded (maybe to add comments, for example) by clicking ‘Show Record sheet after recording’.

Default setting: ‘Use Ctrl-r key for recording is tuned off’ because it is also used by Excel for ‘Fill right’.

Default setting: ‘Show Record sheet after recording’ is enabled.

Hide Launch-pad. You can choose to show the XLStatistics Launch-pad or just work with the XLStatistics menu. It is recommended that you check this, but this has not been done in the shipped copy of XLStatistics because it’s nice for people to see the launch-pad first.
Read only mode. It is recommended that you open the workbooks in read-only mode so that the original workbooks cannot be accidentally overwritten – they are templates, after all. They are opened in this mode if ‘Open XLStatistics workbooks in Read only mode’ is clicked. Default setting: ‘Open XLStatistics workbooks in Read only mode’ is clicked.

Zoom sheets. There are many different types of screens available with many different resolutions. The various screens in XLStatistics have been designed to nicely fit into a quite a small screen (which happens also to be about the same as the width of most paper) when Excel and its windows run full-screen. If you work with other displays or run Excel in a different-sized window you may see a different amount of the XLStatistics screens. If you click ‘Zoom sheets to fit current windows on opening’ all screens in XLStatistics workbooks will be resized (using Excel’s Zoom feature) to fit the current window when they are first opened.

Default setting: Unclicked.

Use of Paste Special Warning Message. A feature of Excel and Word is that charts that are copied and then pasted into a Word document are, by default, pasted as Chart Objects. This actually pastes the whole workbook along with the chart and typically results is huge documents that are difficult to manage. To avoid the problem, it is best to use the XLStatistics Record facility, but you can also use Paste Special ( Picture when pasting into Word. You can choose to display a warning message to remind you by clicking ‘Display ‘Paste Special’ message when copying charts’. If this option is on the message is actually displayed whenever you click on a chart - it’s a bit annoying but it might be better than not knowing the trap (!) and it is easily turned off. If you are using the XLStatistics Record facility charts are automatically copied as pictures, in which case you definitely don’t need to display the message. Default setting: Not clicked.

Save current options. This saves the file XLStats.xls with the current options so they will be there next time the file is opened. It doesn’t work if the file XLStats.xls is opened Read-only.

Getting help

In the workbooks there is on-line help available by double-clicking on any cell with a red label. Note, though, that Excel has a feature that if you double-click on the boundary of a cell the cursor moves to the edge of the current non-blank block - this feature is not disabled so you have to be careful to click in the interior of a cell for help - the cursor should look like [image: image3.png]


.
Changes made to your system

XLStatistics is designed to be a very benign program, making no permanent changes to your system or Excel. During installation, for example, no permanent changes are made to your system, except space on your hard disk is used. And when you quit XLStatistics or Excel itself, Excel’s menus, toolbars, etc, are left as the user had them set so that next time you start Excel things are back to normal, without with any of the alterations made by XLStatistics.

Organizing and Entering data

The analysis workbooks in XLStatistics have a Data area into which your data needs to be entered. The data can be typed directly into the Data area, if desired, but usually it is organized in your own separate data workbook and copied or linked into the appropriate XLStatistics workbook as required.

Organizing data. Data should be organized (in your own data workbook) in standard form with the variables in columns and the cases in separate rows. There should be a header row at the top with the names of the variables. The dependent variable (if there is one) normally goes in the left-most column.

There is no limit to the number of cases (rows) that can be handled (up to the number of rows that Excel allows).

Columns containing numerical variables should contain numbers (though any non-numbers will be ignored in the analysis). Columns containing categorical variables can contain any labels - descriptive words like ‘Female’ or ‘Male’ or codes like ‘0’ and ‘1’.

Variable names in the header row can be any character string of any length.

The data can be quite ‘dirty’, with blanks or comments like ‘Subject Died’ allowed without upsetting the XLStatistics workbooks. This is especially useful when data is collected in the field - analysis can be carried out immediately and potential problems detected early on.

In many cases, summary data (as opposed to raw case-by-case data) can be entered directly into the XLStatistics workbooks - especially useful for solving textbook problems!

Entering data. But the easiest way of entering data is to highlight data in a workbook and select the appropriate analysis workbook from the XLStatistics menu. If you have ‘Automatically enter data’ clicked (under Options) your data will be automatically entered (linked) into the analysis workbook’s Data area. However, Excel’s regular editing facilities (like ‘cut-and-paste’) can be used to enter data from your data workbook to the Data areas in the XLStatistics workbooks. Also, if you have an XLStatistics workbooks already opened, doubling-clicking on the cell labelled Data (on the Data & Description sheet in any XLStatistics workbook) will display one of a number of dialog boxes with options to:

· Paste data. If you have copied data into Excel’s clipboard when you double-click on the cell labelled Data a dialog box with appropriate options for automatically pasting the data in the correct form will be displayed. (Pasting this way actually clears all the data in the data area, does a Paste Special ( Values and re-initializes some formulas in cells with blue text.)

· Link data. If you do not have data copied to the clipboard, when you double-click on the cell labelled Data you obtain information about entering data. One option here is to click a ‘Link Data’ button that brings up a Link Data toolbar when clicked. Then you can highlight your data (including a header row with the names of the variables) and press the ‘Paste Link’ button. The highlighted data is then linked to the XLStatistics workbook with drop-down boxes for selecting the variables to be analysed.

As described above, if you have clicked ‘Automatically enter data’ (under Options), the linking operation is carried out automatically if you highlight data in your data workbook and then select the XLStatistics analysis workbook from the XLStatistics menu.

Notes:

When highlighting data for linking, only one area can be selected for copying or highlighting- non-contiguous ranges are not allowed. So don’t use Ctrl-click to select multiple areas. If you wish to work with variables that are in non-adjacent columns in your data file, you can always highlight all the columns in between as well then select the variables from within the XLStatistics workbook after the data is linked.

Layout and Organization of the workbooks

Screen resolution and zooming. Individual worksheets in XLStatistics are layed-out so that as much as possible of the analysis will fit on an old 640 x 480 VGA screen on a PC when Excel and the workbooks windows are made full screen. If you have a different sized screen or window, you may see more or less of the screen. You can use View  Zoom to alter the scale manually (you will have to alter each separate worksheet), but if you click ‘Zoom sheets to fit current windows on opening’ under Options, the zooming of sheets will be automatically carried out when the workbooks are opened.

If not all the results on a worksheet fit in a single screen, they are arranged one above the other, so you scroll down to see more.

Working is carried out in the columns to the right of the main results (these are not documented but you can usually figure out what’s going on if you need to).

Some specialized topics or material that is computationally demanding (= slow to update) has been hived off into linked workbooks that can be opened at the click of a button. The linking works provided that the XLStatistics workbooks are all kept in the same folder and are not renamed.

What can you alter? Protection of Worksheets

The XLStatistics workbooks are templates. They are quite easy to corrupt! Many cells have formulas in them and deleting or moving or altering these may cause the workbooks to stop working properly. Same sort of thing for parts of charts. However, any cells with blue entries be safely altered. You can also alter the formatting of all cells and charts:

· You can safely alter the formatting of cells. For example, you can safely alter the width of columns or alter the number of decimal places that show in cells.

· You can safely alter the formatting in charts. The charts in XLStatistics are all standard Excel charts (that have been constructed using Excel’s Chart Wizard). Scaling is carried out by Excel and this often needs manual adjusting. Also, the charts often need some tidying up to alter things like colours, size of fonts, position of legends, etc. Chart types can be safely altered.

XLStatistics workbooks should be opened in Read only mode so that if accidental changes are made at least the original workbooks will be unchanged. If you open an XLStatistics workbook using the launch-pad or menu the default is that workbooks are opened in this mode.

The individual sheets in the workbooks have been set up so that they can be protected against accidental changes to things that are non-blue. If you open an XLStatistics workbook using the launch-pad or menu you can choose to open it with the sheet protection turned on (the default is off) by clicking

‘Open XLStatistics workbooks with protection of worksheets turned on’

under Options.

Protecting sheets also unfortunately prevents formatting of cells, so that, for example, you cannot change widths of columns or alter the number of decimal places that display (there is no restriction on altering formatting in charts, though, even if protection of sheets is turned on). If you have protection of sheets turned on and want to alter the formatting of cells you’ll need, then, to turn off the protection – this can be done at any time for an individual sheet by using Tools | Protection | Unprotect sheet - no password is set.

Saving the workbooks. Recording and saving results

Do not overwrite the XLStatistics workbooks! The workbooks in XLStatistics are templates, and because there is a considerable amount of linking between some workbooks it is important that you do not rename or overwrite the original files. A common mistake some people make is to try and save the workbooks with their own data instead of the example data supplied. This is not a good idea. Nor is there any need to do such a thing - you should save your data in a separate workbook and if you need to do any analysis you can simply copy or link your data to the XLStatistics workbooks, as described above.

Saving and recording results by copying and pasting. To save results of your analysis it is best to use the XLStatistics Record facility (see below). However, you can use regular copy-an-paste operations to copy the material you want and paste it into a word-processor document (Word, usually). But this is not as straightforward as it might seem:

· Copying-and-pasting charts. A feature of Excel and Word is that charts that are copied and then pasted into a Word document are, by default, pasted as Chart Objects. This actually pastes the whole workbook along with the chart and typically results is huge documents that are difficult to manage. To avoid the problem, you have to use Edit ( Paste Special ( Picture. Here are some steps to follow:

1.
Get the chart looking how you want it in Excel.

2.
Click outside the chart to unselect it.

3.
Hold down the Ctrl key and click once anywhere on the chart.

4.
Copy the chart to the clipboard, using Edit | Copy, for example.

5.
Switch to Word and position the cursor where you want the chart to be placed.

6.
Edit ( Paste Special. Select Picture. If you have the choice, it is a good idea to make sure the chart will NOT ‘float over text’. Press OK.

Failing to follow these instructions when pasting can be quite serious and there is an XLStatistics option to ‘Display ‘Paste Special’ message when copying charts’ that you can set (under XLStatistics’ Options) if you are concerned.

· Copying cells. When cells are copied and pasted into Word, by default Word attempts to format the result in a table. This is not always perfect and some re-formatting is often necessary. Also, other objects such as option buttons are not copied. Often it is best to copy the range and then use Edit ( Paste Special ( Picture to paste into Word. This preserves the formatting as in Excel.

The minor drawback with the above techniques (with results pasted as pictures) is that the resulting images in Word cannot be easily edited. So you must get them right in Excel first.

Use of the Record feature. If you have data linked to an XLStatistics workbook you can use the Record feature on the XLStatistics menu to save results. All you do is highlight cells or click on a chart you wish to save and select ‘Record’ from the XLStatistics menu. The selected results are then copied to a sheet called ‘XLStatistics Record’ that is inserted into your linked data workbook. They are pasted as pictures (as discussed above) so you need to get the formatting right before recording. If you highlight cells and record, all objects in the highlighted area are also copied.

You can choose to use the shortcut key Ctrl-r instead of selecting Record from the XLStatistics menu by clicking ‘Use Ctrl-r as shortcut key for recording’ in the XLStatistics Options.

Recording only works if you have data linked from an XLStatistics workbook. If you paste data in, the recording feature doesn’t work.

When pasted onto an XLStatistics Record sheet, results are pasted to the left side of the sheet and cells in Column A are re-sized around them. You can then add comments into the adjacent cell in Column B if you wish.

You can choose also to view the XLStatistics Record sheet immediately after a result is copied (ready to add comments) by choosing ‘Show Record sheet after recording’ in the XLStatistics options.

You may notice a slow-down in the speed of recording after you have saved a number of images to the same XLStatistics Record sheet. You can speed things up by renaming the record sheet, thereby forcing XLStatistics to create a new sheet to record onto.

Results can be copied from an XLStatistics Record sheet and pasted into a Word document using regular cut-and-paste operations.

Formatting the XLStatistics Record sheet and Controlling where results are recorded. You can freely move results recorded onto the XLStatistics Record sheet around. But it is a good idea to keep one result per row, and resize the rows to accommodate each result.

When a result is recorded it is placed on the XLStatistics Record in the first row that is not wider than the width of a normal row on a new spreadsheet, about 12 points. So you can control exactly where the next recorded result will go - it will be placed into the first available narrow row from the top. If you want a particular result to go into a particular place, make sure that row is the first row from the top that is sufficiently narrow - less than 12 points, say. You can insert or delete rows to achieve this if necessary.

Some Dos and Don’ts

When you make a mistake (like pasting cut data into a workbook so all the references are messed up (#REF all over the place)) and if Edit  Undo won’t fix it (which it probably will not!), grab your data and run - take a copy of your data (if you haven’t already got it elsewhere) close down the template and re-open afresh and start again. The same philosophy applies if other errors occur.

Do not delete series or legend entries in charts, otherwise the automatic updating may not work.

In all the workbooks, all calculations (and re-calculations after any changes to the data, etc) are intended to be automatic, so effects of changes can be seen immediately. Sometimes you may find this automatic re-calculation troublesome in which case turn it off (under Tools ( Options ( Calculation ( Manual). Then use F9 to update the entire workbook, Shift-F9 to update only the current sheet.

A feature of Excel is that data from Workbooks that are embedded in Word documents cannot be linked to. You can’t paste data based on formulas from such workbooks either.

Note to MAC users: There is a problem with some versions of Excel that causes some special characters (like ( and () to appear differently on the MAC from what they are on a PC. In the XLStatistics workbooks most of these have been fixed by using embedded pictures instead of characters, but there are a few that have not (because the placement of pictures is not quite the same on a MAC as it is on a PC, and it only makes matters worse). If these concern you they can be altered - probably the easiest thing to do is

· Go to Word and get the symbol from the Insert ( Symbol menu

· Copy it and Paste Special into the XLStatistics workbook as a Word document

Remove the boundary using Format ( Object… ( Patterns and place it where you want the symbol.

A common mistake people make is to try to paste charts from an XLStatistics workbook into another Excel workbook (rather than into a Word document). Of course, by default, Excel keeps the links. So when the data is changed in the XLStatistics workbook, the chart changes too. To avoid this, save your results to Word (as pictures), or use the Record feature.

Summaries, charts and analyses appropriate for the type of data are automatically carried out in the workbooks. This can be dangerous, because many of the analyses have assumptions that should be met before results obtained from them can be trusted. The assumptions for the analyses are mentioned in the notes associated with red cells, but it the users responsibility to read them and use only appropriate results. For further details, and for details of the underlying analyses, see a good statistics book.

Summary of XLStatistics Workbooks

All of the standard types of analyses are carried out in the XLStatistics workbooks, but, in addition, useful alternatives and extra tests, etc, are implemented. For example, the standard t-test for a single variable is included in the relevant workbook, but non-parametric alternatives and analyses to determine sample sizes, etc, are there, too. One nice thing is that these further analyses are just as easy to carry out as the standard tests, and users will no doubt find them to be very useful.

The primary analysis workbooks are all named according to the number and type of variables they are designed to handle:

Num = ‘Numerical’ (or quantitative) variables

Cat = ‘Categorical’ (or qualitative) variables.

So, for example, the workbook 1Num1Cat will analyse data with one numerical variable and 1 categorical (grouping) variable.

A few useful extra workbooks - not designed to analyse data directly - have been included. PDF, for example, is a useful replacement for old-fashioned probability tables.

The following table summarizes the capabilities of each workbook. 

	One numerical variable (Single-sample data)
1Num
	Numerical and graphical summaries

· Sample means, standard deviations, etc

· Frequency charts (many variations)

· Box-and-whisker plots

Tests, etc

· t-test for (
· Confidence, Tolerance and Prediction intervals

· Sign test and confidence interval for the media

· Chi-square test for variance

· Residuals plots

· Power analysis/sample size selection

· Test for normality

Other graphs

· Bar chart with error bars

· Cumulative frequency plots of the data or log of the data on a probability scale.



	One categorical variable

1Cat
	Numerical and graphical summaries

· Sample proportions tables, bar charts, etc

Tests

· Large- and small- sample tests for proportions

· Confidence intervals for proportions

· Power analysis/sample size selection

· Goodness-of-fit test

· Runs test

Other graphs

· Pie chart

· Frequency chart with error bars



	One numerical variable, one categorical variable

1Num1Cat


	Numerical and graphical summaries

· Sample means, etc

· Frequency charts

· Box-and-whisker plots

· Plots of means with error bars

Tests

· Oneway Analysis of Variance (Random and Fixed effects)

· Test for intercept term

· Kruskal-Wallis test

· Residuals plots

· Hartley’s test

· Two-sample t-tests and confidence intervals for the difference between two means

· Mann-Whitney test

· F-test 

· Power analysis/sample size selection (2 level only)

· Randomised 2-group test

Other graphs

· Means plots with error bars or bands of various types

· Frequency charts



	Two categorical variables

2Cat


	Summary tables

· Counts, proportions, Row- or Column % tables, etc

Tests

· Chisquare test

· Two-sample t-tests and confidence intervals for the difference between two proportions

· Small-sample tests for the difference between two proportions

· Analysis of 2x2 tables (Odds ratio, Fisher’s exact tes)

Other graphs

· Plots of proportions with error bars of various types



	Two numerical variables

2Num
	One-and two-variable numerical summaries

Scatterplots with axes and/or their direction swapped

Linear regression, with or without constant term

· Estimates, confidence intervals, tests for the parameters

· Scatterplot with regression line, etc

· Residuals plots

· Prediction and inverse prediction. Prediction bands

Fitting a user-defined function to data using various methods:

· Linearizable functions with linear least squares regression

· Polynomials

· Non-linear least squares regression

· Least squares regression on straight lines allowing for a possible break-point

Fitting a smooth curve to data using various methods:

· Moving Average (mean or median)

· Means of Grouped data with error bars/bands

· Locally weighted regression - LOWESS

Analysis for ordinal variables:

· Spearman’s rho

· Kendall’s tau-b

Adding labels to points in a scatterplot. 



	Two numerical variables, one categorical variable
2Num1Cat


	(Multiseries) scatterplots with axes and/or their direction swapped

Multiline/multiaxes plots

Linear regression (Analysis of Covariance).

· Various choices (with or without constant term, etc) for the analysis

· Scatterplot with regression lines, etc

· Plots of the slopes and intercepts with error bars

· Hypothesis tests

Fitting a user-defined function to data (group-by-group) using various methods:

· Linearizable functions with linear least squares regression

· Polynomials

· Non-linear least squares regression

· Least squares regression on straight lines allowing for a possible break-point

Fitting a smooth curve to data (group-by-group) using various methods:

· Moving Average (mean or median)

· Means of Grouped data with error bars/bands

· Locally weighted regression - LOWESS



	One numerical variable, two categorical variables

1Num2Cat
	Summary tables

· Means, standard deviations, etc.

Basic tests

· Two-way Analysis of Variance (Balanced data only). Choices of Fixed and/or Random effects, Interaction

· Residuals plots

Graphs

· Means plots with error bars or bands, etc.



	n Numerical variables (Multiple regression package)
nNum
	Single-variable summaries

· Frequency charts and combined frequency charts

· Side-by-side boxplots

· Means plots

· Numerical summaries

Two-variable summaries

· Scatterplots, scatterplot matrix

· Two-variable regression

· Correlation, correlation matrix

· Multiline/axis plots

Multiple regression

· Regression equation, usual summary statistics and tests

· Prediction

· Residuals analyses

· Plots of residuals

· Jarque-Bera test for normality

· Ramsey test for model specification error

· Durbin-Watson test for serial correlation. Corrections for serial correlation (Cochran-Orcutt)

· Glejser test for heteroscedasicity

· Analysis of variance and Model comparison

Analysis of repeated measures data

· Case-by-case plots

· Plots of means

· Side-by-side boxplots

· Analysis of variance



	n Categorical variables
nCat
	Pivot Tables showing Counts or Percentages (uses Excel’s built-in Pivot Wizard)



	1 Numerical and n Categorical variables
1NumnCat
	Pivot Tables showing appropriate numerical summaries of the numerical variable (uses Excel’s built-in Pivot Wizard)



	n Numerical variables and 1 Categorical variable
1NumnCat
	· Numerical summaries of all the numerical variables category-by-category

· Multiple plots of means




	Probability

PDF
	Probabilities and inverse probabilities, graphs, etc, for the most common distributions:

· Beta

· Binomial

· Chisquare

· Exponential

· F-distribution

· Gamma

· Hypergeometric

· Lognormal

· Normal

· Poisson

· t-distribution

· Weibull

· User defined

	Sample selection

SampSel
	Selecting random samples from specified distributions 

Selecting random samples from a population (with or without replacement)

Free-hand forming or altering of data



	Transforming data

Transfrm


	Various transformations of data, with associated summary information

	Population (census data)

Populate


	Summarize data for a whole population (1 numerical variable or 1 categorical variable)

	Quality Control Charts

Control


	For drawing the common control charts: x-bar, S, R, I, MR, p&np, c and u. 


Guided Tour & Steps to follow when using the XLStatistics workbooks for analysis of data.

In this section we go through an example and present a short guided tour of XLStatistics, with step-by-step instructions for carrying out an analysis of data. After working through this short example you will be able to use any of the XLStatistics workbooks.

We follow the ‘8 easy steps’ given previously with extra comments and notes.

Further details of the underlying statistical ideas can be found in Practical Statistics (see ‘Other products and Order forms’ at the beginning of this document).

Screen images are presented below - the appearance you get may be slightly different depending on the version of Excel you are using and your toolbars.

Here is the problem:

	Error rate. It is believed that people trained to carry out a particular task make fewer errors when trained using Method M than when trained using Method T. To test this a randomly chosen sample of people are trained using Method M and another sample are trained using Method T. The error rates of the people are recorded one month later. The data is in the Excel file called ErrRate.xls.
	


This workbook in the same folder as the other XLStatistics files.


1.
Open XLStats.xls. We will assume that, as recommended in the Installation section above, you have set XLStatistics to ‘Automatically enter data’ (under Options). To make sure, open the XLStatistics launch-pad XLStats (by double-clicking on its icon, for example). Set the options (under the Options button in the lower right of the window) as shown:
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3.
Organize your data in a separate workbook. The data is in the file ErrRate.xls - open this by double-clicking on its icon or using File ( Open from within Excel. Our problem is involves determining the nature of the (possible) relationship between the two variables 

Error (%) = % of errors committed by a person is carrying out the task.

Method = the training method used (M or T).

The data is already properly organized with the variables in columns and a (single) header row with their names:
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The file has variables other than Error (%) and Method (that might be used in other questions, for example).

4.
Highlight the data on your data worksheet. Highlight the data, including the header row with the name of the variable(s) – click on B1 and drag down to D21 and let go of the mouse button.

I know we’ve highlighted variables (actually only one, ‘Age’) that we are not interested in. You can actually highlight as many variables as you like - just make sure you highlight the ones you are interested in. You get to pick the actual variables you want to work from within XLStatistics. Also, it’s only the variables you want to work with that need to be considered when deciding which XLStatistics workbook to select from the menu in the next step.

5.
Select the appropriate workbook from the XLStatistics menu. Error (%) is a numerical variable, Method is a categorical variable (comprising two categories). So we’ll use the XLStatistics workbook 1Num1Cat for the analysis. Select 1Num1Cat from the XLStatistics menu.

6.
Select the variables you wish to analyse. 1Num1Cat will open and the data will be entered (linked) into the Data area (Columns A and B in 1Num1Cat) on a sheet called ‘Data and Description’. Drop-down boxes appear at the top that can be used to select the variables: 
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(Note that this data is more than just a copy of the original data. Ut is actually linked back to the original and if changes were made to the data in ErrRate.xls, the data in 1Num1Cat would be automatically updated.)

In this workbook, the Numerical variable goes in Column A - see the little ‘N’ at the top; the categorical variable goes in Column B - see the little ‘C’. (And while you are looking there, the little green backwards arrow can be clicked to quickly get back to your data set.)

The variable in Column A is already correct – it is our Error (%) variable so you don’t need to alter it. But use the drop-down box at the top of Column B to select the Method variable The labels ‘M’ and ‘T’ will be found and entered into F4 and G4. The top of the sheet should look like
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Before doing anything else, let’s have a bit of a look around the workbook. You are looking at a sheet called ‘Data and Description’ - see its name on the tag at the bottom of the screen:
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All the XLStatistics analysis workbooks have a sheet like this. Your data for analysis goes on this sheet, always in the left-most columns. This sheet also has a box labelled Description, which is what we’ll use in the next step.

The workbook also has other sheets - there’s one called Information, one called Summaries and some called Tests. All of the XLStatistics workbooks have similar sheets.

· Have a look at the Information sheet by clicking once on its tag (near the bottom of the screen). This sheet has general information describing the organization of this workbook.

· Have a look at the Summaries sheet – this has other diagrams we’ll use in the report (below).

· Have a look at the two Tests sheets - we’ll use some of these in Step 5.

When you have had a look around, click back on the Data & Description sheet.

The colour coding on the sheets has meaning:

· Any cell with blue text can be safely altered. For example, as it stands all the pictures, etc, will have ‘M’ before ‘T’, because ‘M’ is in F4 and ‘T’, to the right, in G4. Let’s say you wanted it the other way: you could safely put ‘T’ in F4 and ‘M’ in G4. Try it. See how the summary information below changes automatically. Then put it back so that we don’t get confused with the instructions to follow!

· Any cell with red text has help associated with it. For example, double-click on Category Labels and Numerical Summaries: up will pop a help window:
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(You could click ‘Sort Labels’ to sort the labels in the 4th row - it is always worth a look at the help screens to see if they’ll do anything else). Click OK.

· Any non-blue cells should not be altered. They often have formulas in them - to see an example, click on F5 – it has the formula =IF(F4="","",DCOUNT(INDIRECT($AG1),$A2,AF4:AF5))

in it. You don’t, of course, need to know what the formulas mean, but don’t be put off by them either - they are just standard Excel formulas. However, unless you know what you are doing, don’t alter them. (Actually, to be safe, you could have selected the option ‘Open workbooks with protection of sheets turned on’ in which case you wouldn’t be able to alter non-blue cells at all – see the section ‘Protection’ above for more details.)

7.
View results and modify as needed

The appropriate results to first look at have been automatically determined by Excel and XLStatistics. They are on the Data & Description box, just to the right of the data. next to the data – you have no choice but to look at them! In our case the appropriate picture is the frequency chart. You use the drop-down box or the spinner just to the right of the chart to look at the different groups:
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Briefly, in a frequency chart we take the data, break it up into ranges (classes) and tally up how many are in each. This chart has been drawn with ten classes (shown on the horizontal axis) going the minimum value in the data set (0.3) to the maximum (14.5). 0.3 and 14.5 are not very nice numbers, so that’s why the scale looks a bit bad. We can easily fix it up – just to the right of the chart are three cells labelled ‘#Classes’, ‘From’ and ‘Up to’. The numbers can be altered (they are blue) to get the scale looking better – we might try
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for example. There are other ways of altering the appearance of the chart, too, that you can play with.

Note: In all frequency charts in the XLStatistics workbooks, all bar the last class includes the lower endpoint but doesn’t include the upper; the last class includes both endpoints.

On the Summaries sheet is another frequency chart that has both ‘M’ and ‘T’ together. It starts down at Row 30 (as far as possible results on sheets in XLStatistics as designed to fit on a standard VGA screen, but quite often there is too much and extra material is then found by scrolling down a bit):
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This actually shows the relative frequencies (%) - set using the option buttons below the chart. 

By-the-way, all charts in the XLStatistics workbooks are standard Excel charts (that were drawn using Excel’s chart wizard, for example). So the usual formatting can be carried out. For example, in the legend on this chart, the name of the Categorical variable has become separated from it constituent labels – let’s fix it:

· Click once the legend entries and drag them up to the word ‘Method’:
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The general philosophy when formatting an Excel chart is that you click on the part of the chart you want to alter and 

-
Move it if you want by dragging

-
Resize it if you want by dragging the resize boxes on the edge (not all objects can be resized)

-
Format it (alter colour, font size, etc, etc) using Format ( Selected.

You can also alter the overall type of chart (make it so the bars go horizontal, for example) by clicking on the chart away from any other object (near the inside edge is usually safe) and doing Chart ( Chart Type.

In our problem there do not appear to be any unusual patterns in the data, and it appears safe to compare the groups by using the means (this would not be so good if there were outliers in the data set, for example). It appears that Method M yields a lower error rate than Method T – the mean error rate for the people trained using Method M was 3.94 versus 7.82 for Method T.

In our example, it looks like Method M gives a lower error rate than Method T – after all the mean error rate for the people trained using Method M was lower than that for people trained using Method T (3.94 versus 7.82). However, it is possible that this difference happened by chance – if we selected another group of people maybe we’d get it the other way around. The point is that the 3.94 and the 7.82 are only sample means – we need to draw a conclusion about the true (population) means. We can’t “sample” the whole population, so how do we do this? That’s what the next step is for....

In 1Num1Cat there are two sheets named ‘Tests’: ‘Tests - n Categories’ and ‘Tests - 2 Categories’. It often usually doesn’t matter which we pick, everything is usually appropriate and you can’t really go too far wrong. But there are sometimes special cases that deserve special treatment or you sometimes might want to do a special analysis. So there may be a number of ‘Tests’ sheets. Or sheets labelled ‘Extra Tools’ - they have other analyses that are also worth a look at (there isn’t one of these in this workbook). In 1Num1Cat the sheet labelled ‘Tests - n Categories’ has general analyses appropriate when the Categorical variable has many (n) Categories. The sheet labelled ‘Tests - 2 Categories’ has analyses for comparing 2-categories-at-a-time. In our case we’ve only got two categories (M and T) to start with, so we might as well just use the ‘Tests - 2 Categories’ sheet (but please, in general, have a look around at the results on other sheets in XLStatistics’ workbooks - you’ll find all sorts of analyses that you might like to use).

Near the top of the ‘Tests - 2 Categories’ sheet you’ll see drop-down boxes for picking the levels you want to compare (only useful if there are more than two categories, of course). Underneath are the corresponding summary statistics - you can enter your own here if you like - they are blue. Underneath is a box labelled ‘Two sample t-tests (Differences between means, ()’. That’s what we need – we are comparing the mean error rate under the two methods, seeing if there is a difference between them. The test is called a ‘Two-sample t-test’, so you can look it up in a statistics book if you want the details. The Greek letter ( (pronounced “mu”) is the standard symbol used to denote a true mean. The results in the box are reliable provided the data is approximately normally distributed and/or the sample sizes are large. (‘Normally distributed’ is a technical term that basically means that the data has a nice symmetrical hill-shape to it – the frequency charts in Step 2 shows that it’s not too bad, so we can quite safely use the results.)

In this box are two subboxes labelled ‘Hypothesis Tests’ and ‘Confidence Intervals for (1 - (2’. These have results used to handle the problem that (remember) the observed sample difference (3.94 to 7.82 – a difference of 3.88) could have happened by chance alone. The Confidence Intervals box gives estimates of the true difference; the Hypothesis Test box gives probabilities of getting the observed sample results by chance alone. In this problem we are not asked to actually give estimates of how much better Method M is than Method T, just to see if M is better than T, so an hypothesis test is appropriate.

In an hypothesis test there are two competing statements. The one labelled H1 is, usually, the one we are out to “prove”; we want to disprove the one labelled H0 (in favour of H1). These statements come from the problem itself, not the data, and often only H1 is explicitly stated. In the original statement of our problem it seems we were “out to prove” that Method M was better than Method T; so we want to prove the statement 

H1: (1 - (2 < 0 (the error rate under method M is less than the error rate using Method T)

and disprove

H0: (1 - (2 = 0 (no difference).

So, set the value in C19 = 0 (it actually already is) and click on the < button. You should end up with
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Remember, the observed sample difference (of 3.88) could have happened by chance – and what do you think the p-value in this box is? Yes, it’s exactly what we need – it’s (an estimate of) the probability of getting the observed difference (or more extreme) by chance alone, assuming the H0-statement were true. Look at it – it tells us that there is less than a 1 in 100 chance of getting a sample like we have with the sample mean error rate of the 10 people trained using Method M being at least 3.88% lower than the sample mean of the 10 people trained using Method T if, in fact, there was no difference at all (i.e. if H0 were true). It’s very unlikely the difference arose by chance along (it possible, but what we got will only happen rarely) – it’s a fairly sure bet that actually the H0 statement is false and that H1 is true. We conclude that the true mean error rate for people trained under Method M is lower than the true mean error rate for people trained under Method T.

8.
Save your results. For a report the final picture generated in Step 2 is quite good (there are others we might use, too, on the Summaries sheet). In general, regular copy-and-paste operations can be used to get results from an XLStatistics workbook to a word processor. It is usually best to use the XLStatistics Record facility (which would save the results on a sheet in our data workbook ErrRate.xls) but let’s do it ‘by hand’ here. You just need to be a bit careful when copying charts to Word:

· Click on the chart on the Data & Description sheet. Edit ( Copy. Switch to Word and open a new document (File ( New ( Blank document). Add a few returns to give us space. Now DON’T press paste – you need to paste it as a picture - use Paste Special:

Edit ( Paste Special... ( Picture

If you paste a chart as a chart object (which is the default) the effect is to paste the chart together with the whole workbook – you end up with enormous Word documents that are very difficult to manage!

Here’s the report I wrote:  

	Report on Error Rates Under Two Training Methods

Here are summaries of the data:


	Frequency chart
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	Numerical summaries
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	This show that there is a clear difference, on average, between the Error Rate when people are trained under the two methods, with, as expected, people trained using Method M having a lower average error rate than those trained using Method T:

(
The frequency chart for the Error (%) variable under Method M is displaced to the left when compared to that under Method T; 

(
The mean value of the Error (%) variable for people trained under Method M is 3.94 versus 7.82 for those trained under Method T.

Moreover, this difference is unlikely to have occurred by chance alone – a two-sample t-test comparing the means shows that there is less than a 1 in 100 chance of getting samples such as ours displaying such a large difference if in fact there were no difference between the true average error rates under the two methods. We can quite safely conclude that, in general, on average people trained using Method M have a lower error rate than people trained using Method T.


Note: In the report I got the big table with all the numerical summaries by clicking the ‘More Numerical Summaries’ arrow just below the Frequency Chart on the Data & Description sheet. All this detail probably isn’t needed in this report, but I added it just to show you that it’s there. (Many extra analyses - all appropriate and possible useful - can be obtained by clicking on the green arrows). Also, some of the cells in the ‘More Numerical Summaries’ table originally had more decimal places displayed. To format these cells to display only two decimal places (as shown) Excel’s usual formatting tools were used (highlight the cells and select Format | Cells). Also, if right at the start of this exercise we had turned on protection of sheets (to stop accidental changes to non-blue cells) such formatting would unfortunately not be possible. So, if necessary, turn off the sheet’s protection:

Tools ( Protection ( Unprotect sheet ( OK (no password is set).

Support, Bugs & Fixes and Additional information

Every attempt has been made to ensure that the XLStatistics workbooks are free of bugs, but if any are found please report them to the author. Because the working for each sheet is not hidden it is often possible to provide fixes without needing a whole new workbook. Bugs and fixes are recorded in a file called XLSHist.doc that can be downloaded from the XLStatistics home page (www.deakin.edu.au/~rodneyc/XLStats.htm).

Registered users who have purchased a copy of XLStatistics may be entitled to free upgrades to successive versions of the XLStatistics workbooks as they are produced. You will be notified by e-mail when such upgrades are available, so please supply your e-mail address to the author when a copy of XLStatistics is purchased.

XLStatistics Home page: http://www.deakin.edu.au/~rodneyc/XLStats.htm
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