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1
Introduction

The purpose of this project is to model several different user tasks.  In particular, we are going to create user models for three different functions in Microsoft Excel.  The functions include merge, fit to page, and sum.  For each function, we determined a situation in which it works well and a situation in which it works poorly.  We created six different Keystroke Level Models, one for each situation.  We also created a single GOMS model for each function that covers both the good and bad scenarios.  We calculated the estimated times to execute each function based on our Keystroke Level Models and GOMS models and compared the results.  In addition, we also determined the actual execution time to perform each function by allowing three users to complete each of the six tasks and compared these with the calculated results.
2
Function 1:  Merge Cells

2.1
Task Scenario A:


Merging cells is combining two or more cells into a single cell.  Cells above or below one another can be merged as well as cells that are side by side.  Merging cells can be beneficial if two columns may share the same header or vice versa with rows.  It also allows for a cleaner presentation when a cells data may extend past the length of the cell.  This function works wonderfully as long as there is no information in any cells adjacent to the upper left most cell in the group of cells to be merged.  Assumptions that need to be made in order for this scenario to work are that there is no data in the cells to be merged and the cells are adjacent to one another.  The first scenario we modeled in which the merge function works well is as follows.  The user simply takes two empty cells, for example A1 and B1, and highlights them.  They then find the merge and center button on the formatting toolbar within the Excel.  The user will click the button and the two cells will become one.  Figure 1.1 provides the Keystroke Level Model for this situation.
	Initiate a merge
	M
	=>
	1.2 Sec

	Find Cell A1
	M
	=>
	1.2 Sec

	Position hand on mouse
	H
	=>
	0.4 Sec

	Point to cell A1
	P
	=>
	1.1Sec

	Press and hold mouse button
	B
	=>
	0.1 Sec

	Find cell B1
	M
	=>
	1.2 Sec

	Drag cursor to B1
	P
	=>
	1.1 Sec

	Find Merge button
	M
	=>
	1.2 Sec

	Point to merge button
	P
	=>
	1.1 Sec

	Press and release mouse button
	BB
	=>
	0.2 Sec


Figure 1.1
4(M) + 1(H) + 1(B) + 3(P) + 1(BB) = 4.8 + 0.4 + 0.1 + 3.3 + 0.2 = 8.8 Seconds


According to the calculations above, it should take approximately 8.8 seconds to merge two cells that do not contain data.

2.2
Task Scenario B:


The situation we chose in which this function performs poorly is one that includes data in the two cells being merged.  For example, suppose a user wants to merge cells A1 and B1.  However this time there is data in the cells.  The data that needs to be retained in the merged cell is not in the upper left most cell of the cells to be merged.  Excel will only keep the data in the upper left most cell and delete all other cell values.  The assumptions for this scenario is that both cells have data in them however the data that needs to be retained is not in the upper left most cell.  The cells once again need to be adjacent to one another.  In addition, the word that needs to be retained is a four letter word.  Therefore the user will perform the same steps to merge the cells but will need to input the value that they want in the merged cell.  A user will highlight cells A1 and B1, but before they hit the merge center button, they must remember the value they want to input into the merged cell, then click the button, and re-enter the value the user wanted in the merged cell.  Figure 1.2 provides the Keystroke Level Model for this situation.
	Initiate a merge
	M
	=>
	1.2 Sec

	Find Cell A1
	M
	=>
	1.2 Sec

	Position hand on mouse
	H
	=>
	0.4 Sec

	Point to Cell A1
	P
	=>
	1.1 Sec

	Press and hold mouse button
	B
	=>
	0.1 Sec

	Find cell B1
	M
	=>
	1.2 Sec

	Drag cursor to B1
	P
	=>
	1.1 Sec

	Make note of value needed in merged cell
	M
	=>
	1.2 Sec

	Find Merge button
	M
	=>
	1.2 Sec

	Point to merge button
	P
	=>
	1.1 Sec

	Press and release mouse button
	BB
	=>
	0.2 Sec

	Point to information message ok button
	P
	=>
	1.1 Sec

	Click and release mouse on ok button
	BB
	=>
	0.2 Sec

	Find merged cell
	M
	=>
	1.2 Sec

	Point to merged cell
	P
	=>
	1.1 Sec

	Press and release mouse button
	BB
	=>
	0.2 Sec

	Recall value that needs to inputted in merged cell
	M
	=>
	1.2 Sec

	Home hands on keyboard
	H
	=>
	0.4 Sec

	Type in correct word
	4K
	=>
	0.8 Sec


Figure 1.2
7(M) + 2(H) + 5(P) + 1(B) + 3(BB) + 4(K) = 8.4 + 0.8 + 5.5 + 0.1 + 0.6 + 0.8 = 16.2 Sec

According to the calculations above, it should take approximately 16.2 seconds to do a merge on two cells in which the non upper left most cell contains the data that needs to be retained in the merged cell.

Below is the GOMS model for the merge function stated above.  It combines both the good and bad scenarios of the merge function.
2.3
GOMS Model for Function 1

Method for goal:  Merge Cells


Step 1: Accomplish goal:  Highlight cells.


Step 2: Accomplish goal:  Issue merge command.


Step 3: Return with goal accomplished.

Selection rule set for goal:  Highlight cells to be merged


If a non-upper left most cells’ value in a group of cells to be merged is to be the 
value in a merged cell, then accomplish goal: Highlight cells with other value.


If an upper left most cells’ value is to be the value in merged cell, then 
accomplish goal:  Highlight cells.

Selection rule set for goal:  Issue merge command.


If method “highlight cells” was executed, then accomplish goal:  Issue merge 
command.


If method “highlight cells with other value” was executed, then accomplish goal:  
Issue merge command with value change.

Method for goal:  Highlight cells

	Step 1
	Initiate a merge
	M
	=>
	1.2 Sec

	Step 2
	Find Cell A1
	M
	=>
	1.2 Sec

	Step 3
	Position hand on mouse
	H
	=>
	0.4 Sec

	Step 4
	Point to cell A1
	P
	=>
	1.1 Sec

	Step 5
	Press and hold mouse button
	B
	=>
	0.1 Sec

	Step 6
	Find cell B1
	M
	=>
	1.2 Sec

	Step 7
	Drag cursor to B1
	P
	=>
	1.1 Sec

	Step 8
	Verify correct cells are highlighted
	M
	=>
	1.2 Sec

	Step 9
	Return with goal accomplished
	
	
	


Method for goal:  Highlight cells with other values

	Step 1
	Initiate a merge
	M
	=>
	1.2 Sec

	Step 2
	Find Cell A1
	M
	=>
	1.2 Sec

	Step 3
	Position hand on mouse
	H
	=>
	0.4 Sec

	Step 4
	Point to cell A1
	P
	=>
	1.1 Sec

	Step 5
	Press and hold mouse button
	B
	=>
	0.1 Sec

	Step 6
	Find cell B1
	M
	=>
	1.2 Sec

	Step 7
	Drag cursor to B1
	P
	=>
	1.1 Sec

	Step 8
	Make note of value needed in merged cell
	M
	=>
	1.2 Sec

	Step 9
	Verify correct cells are highlighted
	M
	=>
	1.2 Sec

	Step 10
	Return with goal accomplished
	
	
	


Method for goal: Issue merge command

	Step 1
	Find Merge button
	M
	=>
	1.2 Sec

	Step 2
	Point to merge button
	P
	=>
	1.1 Sec

	Step 3
	Press and release mouse button
	BB
	=>
	0.2 Sec

	Step 4
	Verify cells are merged
	M
	=>
	1.2 Sec

	Step 5
	Return with goal accomplished
	
	
	


Method for goal: Issue merge command with value change

	Step 1
	Find Merge button
	M
	=>
	1.2 Sec

	Step 2
	Point to merge button
	P
	=>
	1.1 Sec

	Step 3
	Press and release mouse button
	BB
	=>
	0.2 Sec

	Step 4
	Point to information message ok button
	P
	=>
	1.1 Sec

	Step 5
	Click and release mouse on ok button
	BB
	=>
	0.2 Sec

	Step 6
	Find merged cell
	M
	=>
	1.2 Sec

	Step 7
	Press and release button
	BB
	=>
	0.2 Sec

	Step 8
	Recall value that needs to inputted in merged cell
	M
	=>
	1.2 Sec

	Step 9
	Home hands on keyboard
	H
	=>
	0.4 Sec

	Step 10
	Type in correct word
	4K
	=>
	0.8 Sec

	Step 11
	Verify word is correct
	M
	=>
	1.2 Sec

	Step 12
	Forget recalled word and return with goal accomplished.
	
	
	



According to the above GOMS model, the merge function’s good scenario will take 11.2 seconds to execute and the bad scenario will take 17.5 seconds to execute.
3.0
Function 2:  Fit to Page

3.1
Task Scenario A:


The fit to page function allows a user to print and entire Excel worksheet on a specified number of pages.  For example, if a user wants to print a worksheet on only one page, changing the fit to option will force it to fit and print on one page regardless of whether or not the information is readable.  For this scenario in which the fit to function is good, an assumption must be made in which the data will be readable after the function is applied.  For the situation being tested, the user will apply the fit to option with the default settings which is one page wide by one page tall.  This scenario includes the user going to the file menu on the standard toolbar and selecting the page setup item.  After this box opens, the user must select the fit to radio button.  Then the user will click ok.  Figure 2.1 illustrates the Keystroke Level Model for this scenario
	Initiate excel sheet to fit on only one piece of paper
	M
	=>
	1.2 Sec

	Position hand on mouse
	H
	=>
	0.4 Sec

	Find the file button on the menu bar
	M
	=>
	1.2 Sec

	Point to file button on menu bar
	P
	=>
	1.1 Sec

	Press and release the mouse button on the file button of the menu bar
	BB
	=>
	0.2 Sec

	Find the page setup item in the file drop down list
	M
	=>
	1.2 Sec

	Point to the page setup item
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Find the radio button that is labeled 
“Fit To”
	M
	=>
	1.2 Sec

	Point to the radio button
	P
	=>
	1.1 Sec

	Press and release mouse button
	BB
	=>
	0.2 Sec

	Find the “OK” button 
	M
	=>
	1.2 Sec

	Point to the “OK” button
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Find the Print Preview icon
	M
	=>
	1.2 Sec

	Point to the Print Preview icon
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec


Figure 2.1
6(M) + 1(H) + 5(P) + 5(BB) = 7.2 + 0.4 + 5.5 + 1.0 = 14.1 Sec

According to the calculations above, it should take approximately 14.1 seconds to change the fit to page option to one page tall.
3.2
Task Scenario B:


The situation in which the fit to function works poorly is when the data is not readable once the fit to function is applied.  If this occurs, it will force the whole function to be applied for a second time which will increase the time to perform this function dramatically.  In this scenario, the user will apply the fit to function but then realize that the data is too small to read.  The user will then have to go back into the page setup and change the value in the box with tall next to it from one to two.  The user must then make sure that the data is readable once fit to function is applied for a second time.  Figure 2.2 depicts the Keystroke Model for this scenario.
	Initiate excel sheet to fit on only one piece of paper
	M
	=>
	1.2 Sec

	Position hand on mouse
	H
	=>
	0.4 Sec

	Find the file button on the menu bar
	M
	=>
	1.2 Sec

	Point to the file button on the menu bar
	P
	=>
	1.1 Sec

	Press and release the mouse button on the file button of the menu bar
	BB
	=>
	0.2 Sec

	Find the page setup item in the file drop down list
	M
	=>
	1.2 Sec

	Point to the page setup item
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Find the radio button that is labeled 

“Fit To”
	M
	=>
	1.2 Sec

	Point to the radio button
	P
	=>
	1.1 Sec

	Press and release mouse button
	BB
	=>
	0.2 Sec

	Find the “OK” button 
	M
	=>
	1.2 Sec

	Point to the “OK” button
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Find the Print Preview icon
	M
	=>
	1.2 Sec

	Point to the Print Preview icon
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Verify only one page will print
	M
	=>
	1.2 Sec

	Think to increase the number pages tall to ensure the printed information is readable
	M
	=>
	1.2 Sec

	Position hand on mouse
	H
	=>
	0.4 Sec

	Find the file button on the menu bar
	M
	=>
	1.2 Sec

	Point to file button on the menu bar
	P
	=>
	1.1 Sec

	Press and release the mouse button on the file button of the menu bar
	BB
	=>
	0.2 Sec

	Find the page setup item in the file drop down list
	M
	=>
	1.2 Sec

	Point to the page setup item
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Find the radio button that is labeled 

“Fit To”
	M
	=>
	1.2 Sec

	Point to the radio button
	P
	=>
	1.1 Sec

	Press and release mouse button
	BB
	=>
	0.2 Sec

	Locate the box with the word tall next to it
	M
	=>
	1.2 Sec

	Locate the button inside the box with an up arrow
	M
	=>
	1.2 Sec

	Point to the button
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Find the “OK” button 
	M
	=>
	1.2 Sec

	Point to the “OK” button
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Find the Print Preview icon
	M
	=>
	1.2 Sec

	Point to the Print Preview icon
	P
	=>
	1.1 Sec

	Press and release the mouse button
	BB
	=>
	0.2 Sec


Figure 2.2
15(M) + 2(H) + 11(P) + 11(BB) = 18 + 0.8 + 12.1 + 2.2 = 33.1 Sec

According to the calculations above, it should take approximately 33.1 seconds to change the fit to page option to one page tall and then again to two pages tall.


Below is the GOMS model for the merge function stated above.  It combines both the good and bad scenarios of the merge function.
3.3
GOMS Model for Function 2
Method for goal:  Print to one page


Step 1: Accomplish goal:  Change fit to option.

Step 2: Accomplish goal:  Make sure page is readable


Step 3: Return with goal accomplished.

Selection rule set for goal:  Make sure page is readable

If the page is not readable, then accomplish goal: Increase fit to page size.


If the page is readable, then accomplish goal:  Return with goal accomplished.

Method for goal: Change fit to option

	Step 1
	Initiate excel sheet to fit on only one piece of paper
	M
	=>
	1.2 Sec

	Step 2
	Position hand on mouse
	H
	=>
	0.4 Sec

	Step 3
	Find the file button on the menu bar
	M
	=>
	1.2 Sec

	Step 4
	Point to file button on menu bar
	P
	=>
	1.1 Sec

	Step 5
	Press and release the mouse button on the file button of the menu bar
	BB
	=>
	0.2 Sec

	Step 6
	Find the page setup item in the file drop down list
	M
	=>
	1.2 Sec

	Step 7
	Point to the page setup item
	P
	=>
	1.1 Sec

	Step 8
	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Step 9
	Find the radio button that is labeled 

“Fit To”
	M
	=>
	1.2 Sec

	Step 10
	Point to the radio button
	P
	=>
	1.1 Sec

	Step 11
	Press and release mouse button
	BB
	=>
	0.2 Sec

	Step 12
	Find the “OK” button 
	M
	=>
	1.2 Sec

	Step 13
	Point to the “OK” button
	P
	=>
	1.1 Sec

	Step 14
	Press and release the mouse button
	BB
	=>
	0.2 Sec


Method for goal: Increase fit to page size

	Step 1
	Think to increase the number pages tall to ensure the printed information is readable
	M
	=>
	1.2 Sec

	Step 2
	Position hand on mouse
	H
	=>
	0.4 Sec

	Step 3
	Find the file button on the menu bar
	M
	=>
	1.2 Sec

	Step 4
	Point to file button on the menu bar
	P
	=>
	1.1 Sec

	Step 5
	Press and release the mouse button on the file button of the menu bar
	BB
	=>
	0.2 Sec

	Step 6
	Find the page setup item in the file drop down list
	M
	=>
	1.2 Sec

	Step 7
	Point to the page setup item
	P
	=>
	1.1 Sec

	Step 8
	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Step 9
	Find the radio button that is labeled 

“Fit To”
	M
	=>
	1.2 Sec

	Step 10
	Point to the radio button
	P
	=>
	1.1 Sec

	Step 11
	Press and release mouse button
	BB
	=>
	0.2 Sec

	Step 12
	Locate the box with the word tall next to it
	M
	=>
	1.2 Sec

	Step 13
	Locate the button inside the box with an up arrow
	M
	=>
	1.2 Sec

	Step 14
	Point to the button
	P
	=>
	1.1 Sec

	Step 15
	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Step 16
	Find the “OK” button 
	M
	=>
	1.2 Sec

	Step 17
	Point to the “OK” button
	P
	=>
	1.1 Sec

	Step 18
	Press and release the mouse button
	BB
	=>
	0.2 Sec


Method for goal: Make sure page is readable
	Step 1
	Find the Print Preview icon
	M
	=>
	1.2 Sec

	Step 2
	Point to the Print Preview icon
	P
	=>
	1.1 Sec

	Step 3
	Press and release the mouse button
	BB
	=>
	0.2 Sec

	Step 4
	Verify only one page will print
	M
	=>
	1.2 Sec



According to the above GOMS model, the fit to function’s good scenario will take 15.3 seconds to execute and the bad scenario will take 34.3 seconds to executed.

4.0
Function 3:  Auto Summing

4.1
Task Scenario A


The Auto Sum icon is a button on the standard Excel toolbar.  When the button is clicked it will suggest a range of cells to be added together.  The suggested range is generally the cells directly above or next to the cell that the sum is going to be stored in.  They can easily be modified by the user by just clicking on the beginning and ending cells.  This works well when there is a range of data that is right next to each other or in other words all of the cells are consecutive.  It is assumed that the user will input the correct data in consecutive order to execute this first scenario.  Below in figure 3.1 is the Keystroke Level Model for using the auto sum function when summing consecutive cells.
	Initiate idea to sum cells
	M
	=>
	1.2 Sec

	Pick cell to type in.
	M
	=>
	1.2 Sec

	Home to mouse.
	H
	=>
	0.4 Sec

	Point to Cell with mouse
	P
	=>
	1.1 Sec

	Click and release on the cell with mouse.
	BB
	=>
	0.2 Sec

	Enter 5, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Enter 7, press enter Two keystrokes 
	2K
	=>
	0.4 Sec

	Enter 10, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Enter 36, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Home hand back to mouse
	H
	=>
	0.4 Sec

	Pick the cell to contain the summed total.
	M
	=>
	1.2 Sec

	Point to the cell to contain the summed total
	P
	=>
	1.1 Sec

	Click and release on it with the mouse.
	BB
	=>
	0.2 Sec

	Find the Auto Sum button
	M
	=>
	1.2 Sec

	Point to the Auto Sum button
	P
	=>
	1.1 Sec

	Click the Auto Sum button
	BB
	=>
	0.2 Sec

	Find first cell of the summation.
	M
	=>
	1.2 Sec

	Point to the first cell of the summation
	P
	=>
	1.1 Sec

	Click and release the first cell in the summation with the mouse.
	BB
	=>
	0.2 Sec

	Find the shift key
	M
	=>
	1.2 Sec

	Click and hold shift.
	K
	=>
	0.1 Sec

	Determine the last cell of the summation
	M
	=>
	1.2 Sec

	Move pointer to last cell of the summation
	P
	=>
	1.1 Sec

	Select the last cell in the summation with the mouse.
	BB
	=>
	0.2 Sec

	Let go of the shift button.
	K
	=>
	0.1 Sec

	Press Enter
	K
	=>
	0.2 Sec


Figure 3.1
7(M)+2(H)+5(P)+5(BB)+10(K)=8.4+0.8+5.5+1.0+2.0=17.7 Seconds 


According to the above data, it should take me approximately 17.7 seconds to perform an Auto Sum in Excel when the cells being summed are in consecutive order.
4.2

Task Scenario B


Due to Auto Sum only doing consecutive cells, it may not work well in situations where the cells one want to add up are not next to, or below each other.  In this scenario, we must assume that the data is entered correctly in non sequential cells.  This will ensure clutter will not increase the rate at which the function is completed.  This being the case one would want to modify the cells selected to be added together.  The following KLM model describes the way in which one would go about doing so.

	Initiate idea to sum cells
	M
	=>
	1.2 Sec

	Pick cell to type in.
	M
	=>
	1.2 Sec

	Home to mouse.
	H
	=>
	0.4 Sec

	Point to Cell with mouse
	P
	=>
	1.1 Sec

	Click and release on the cell with mouse.
	BB
	=>
	0.2 Sec

	Enter 5, press tab Two keystrokes
	2K
	=>
	0.4 Sec

	Enter 7, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Enter 10, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Enter 36, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Home hand back to mouse
	H
	=>
	0.4 Sec

	Pick the cell to contain the summed total.
	M
	=>
	1.2 Sec

	Move mouse to cell that will contain the summed total
	P
	=>
	1.1 Sec

	Click and release on it with the mouse.
	BB
	=>
	0.2 Sec

	Find the Auto Sum button
	M
	=>
	1.2 Sec

	Point to the Auto Sum button
	P
	=>
	1.1 Sec

	Click the Auto Sum button
	BB
	=>
	0.2 Sec

	Find first cell of the summation.
	M
	=>
	1.2 Sec

	Point to the first cell of the summation
	P
	=>
	1.1 Sec

	Click and release the first cell in the summation with the mouse.
	BB
	=>
	0.2 Sec

	Find the shift key
	M
	=>
	1.2 Sec

	Click and hold shift.
	K
	=>
	0.1 Sec

	Determine the last cell of the summation
	M
	=>
	1.2 Sec

	Move pointer to last cell of the summation
	P
	=>
	1.1 Sec

	Select the last cell in the summation with the mouse.
	BB
	=>
	0.2 Sec

	Let go of the shift button.
	K
	=>
	0.1 Sec

	Find the control button
	M
	=>
	1.2 Sec

	Press the control button and hold it.
	K
	=>
	0.1 Sec

	Find the cell not in the column to be added.
	M
	=>
	1.2 Sec

	Point to the cell not in the column to be added.
	P
	=>
	1.1 Sec

	Select the cell with the mouse.
	BB
	=>
	0.2 Sec

	Release the control button.
	K
	=>
	0.1 Sec

	Press enter
	K
	=>
	0.2 Sec


Figure 3.2
9(M)+2(H)+6(P)+6(BB)+13(K)=9.6+0.8+6.6+1.2+2.2 = 21.6 Sec
According to the calculations above, it should take approximately 21.6 seconds to do a summation and select a cell that is not in the same row/column as the rest of the cells being added together.


Below is the GOMS model for the merge function stated above.  It combines both the good and bad scenarios of the merge function.
4.3
GOMS Model for Function 3
Method for goal:  Auto Sum


Step 1: Accomplish goal:  Enter Data


Step 2: Accomplish goal:  Choose cell to contain summation


Step 3: Issue Auto Sum Command


Step 4: Select cells to sum


Step 5: Return with goal accomplished.

Selection rule set for goal:  Enter data


If auto sum cells are not to be consecutive, then accomplish goal: Enter non 
consecutive data.


If auto sum cells are to be consecutive, then accomplish goal:  


Enter Data.

Selection rule set for goal:  Select cells to sum


If auto sum cells are not to be consecutive, then accomplish goal: Choose non 
consecutive cells.


If auto sum cells are to be consecutive, then accomplish goal:  Choose 
consecutive cells.

Method for goal: Enter non consecutive data

	Step 1
	Initiate idea to sum cells
	M
	=>
	1.2 Sec

	Step 2
	Pick cell to type in.
	M
	=>
	1.2 Sec

	Step 3
	Home to mouse.
	H
	=>
	0.4 Sec

	Step 4
	Point to Cell with mouse
	P
	=>
	1.1 Sec

	Step 5
	Click and release on the cell with mouse.
	BB
	=>
	0.2 Sec

	Step 6
	Enter 5, press tab Two keystrokes
	2K
	=>
	0.4 Sec

	Step 7
	Enter 7, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Step 8
	Enter 10, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Step 9
	Enter 36, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Step 10
	Home hand back to mouse
	H
	=>
	0.4 Sec

	Step 11
	Return goal accomplished
	
	
	


Method for goal: Enter consecutive data

	Step 1
	Initiate idea to sum cells
	M
	=>
	1.2 Sec

	Step 2
	Pick cell to type in.
	M
	=>
	1.2 Sec

	Step 3
	Home to mouse.
	H
	=>
	0.4 Sec

	Step 4
	Point to Cell with mouse
	P
	=>
	1.1 Sec

	Step 5
	Click and release on the cell with mouse.
	BB
	=>
	0.2 Sec

	Step 6
	Enter 5, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Step 7
	Enter 7, press enter Two keystrokes 
	2K
	=>
	0.4 Sec

	Step 8
	Enter 10, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Step 9
	Enter 36, press enter Two keystrokes
	2K
	=>
	0.4 Sec

	Step 10
	Home hand back to mouse
	H
	=>
	0.4 Sec

	Step 11
	Return goal accomplished
	
	
	


Method for goal: Choose cell to contain summation

	Step 1
	Pick the cell to contain the summed total.
	M
	=>
	1.2 Sec

	Step 2
	Move mouse to cell that will contain the summed total
	P
	=>
	1.1 Sec

	Step 3
	Click and release on it with the mouse.
	BB
	=>
	0.2 Sec

	Step 4
	Return goal accomplished
	
	
	


Method for goal: Issue Auto Sum command

	Step 1
	Find the Auto Sum button
	M
	=>
	1.2 Sec

	Step 2
	Point to the Auto Sum button
	P
	=>
	1.1 Sec

	Step 3
	Click the Auto Sum button
	BB
	=>
	0.2 Sec

	Step 4
	Return goal accomplished
	
	
	


Method for goal: Choose non consecutive cells
	Step 1
	Find first cell of the summation.
	M
	=>
	1.2 Sec

	Step 2
	Point to the first cell of the summation
	P
	=>
	1.1 Sec

	Step 3
	Click and release the first cell in the summation with the mouse.
	BB
	=>
	0.2 Sec

	Step 4
	Find the shift key
	M
	=>
	1.2 Sec

	Step 5
	Click and hold shift.
	K
	=>
	0.1 Sec

	Step 6
	Determine the last cell of the summation
	M
	=>
	1.2 Sec

	Step 7
	Move pointer to last cell of the summation
	P
	=>
	1.1 Sec

	Step 8
	Select the last cell in the summation with the mouse.
	BB
	=>
	0.2 Sec

	Step 9
	Let go of the shift button.
	K
	=>
	0.1 Sec

	Step 10
	Find the control button
	M
	=>
	1.2 Sec

	Step 11
	 Press the control button and hold it.
	K
	=>
	0.1 Sec

	Step 12
	Find the cell not in the column to be added.
	M
	=>
	1.2 Sec

	Step 13
	Point to the cell not in the column to be added.
	P
	=>
	1.1 Sec

	Step 14
	Select the cell with the mouse.
	BB
	=>
	0.2 Sec

	Step 15
	Release the control button.
	K
	=>
	0.1 Sec

	Step 16
	Verify all the correct cells are selected.
	M
	=>
	1.2 Sec

	Step 17
	Press enter
	K
	=>
	0.2 Sec

	Step 18
	Return goal accomplished
	
	
	


Method for goal: Choose consecutive cells

	Step 1
	Find first cell of the summation.
	M
	=>
	1.2 Sec

	Step 2
	Point to the first cell of the summation
	P
	=>
	1.1 Sec

	Step 3
	Click and release the first cell in the summation with the mouse.
	BB
	=>
	0.2 Sec

	Step 4
	Find the shift key
	M
	=>
	1.2 Sec

	Step 5
	Click and hold shift.
	K
	=>
	0.1 Sec

	Step 6
	Determine the last cell of the summation
	M
	=>
	1.2 Sec

	Step 7
	Move pointer to last cell of the summation
	P
	=>
	1.1 Sec

	Step 8
	Select the last cell in the summation with the mouse.
	BB
	=>
	0.2 Sec

	Step 9
	Let go of the shift button.
	K
	=>
	0.1 Sec

	Step 10
	Verify the correct cells are selected.
	M
	=>
	1.2 Sec

	Step 11
	Press Enter
	K
	=>
	0.2 Sec

	Step 12
	Return goal accomplished
	
	
	



According to the above GOMS model, the auto sum function’s good scenario will take 18.9 seconds to execute and the bad scenario will take 22.8 seconds to execute.

5.0
User Test Case Results and Conclusions

Each person that we had perform our functions had a different experience level with using Excel so the data reflects a wider array of people and not just people that know what they are doing.  In doing this, it supplies us with some more accurate data for our average times for performing the actions we tested.  A person that has never used Excel before may not even know what the functionalities we tested even are so it will take them a considerable more amount of time.  As a user becomes an average user or expert user, the time it takes to perform each function decreases.  We the user we selected are all from Jim Coan’s work.  The performed these functions on the workstations that they are familiar and use everyday.  Below in figure 5.1 is a table that contains the results from KLM and GOMS models previously discussed and the results of the users performing each function.

	
	Function 1-A
	Function 1-B
	Function 2-A
	Function 2-B
	Function 3-A
	Function 3-B
	User Skill

	KLM
	8.8 Sec
	16.2 Sec
	14.1 Sec
	33.1 Sec
	17.7 Sec
	21.6 Sec
	

	GOMS
	11.2 Sec
	17.5 Sec
	15.3 Sec
	34.3 Sec
	18.9 Sec
	22.8 Sec
	

	Test Subject 1
	7 Sec
	11 Sec
	12 Sec
	16 Sec
	13 Sec
	14 Sec
	average

	Test Subject 2
	5 Sec
	8 Sec
	7 Sec
	11 Sec
	7 Sec
	9 Sec
	expert

	Test Subject 3
	11 Sec
	14 Sec
	18 Sec
	18 Sec
	15 Sec
	28 Sec
	novice

	Average time from 3 test Subjects
	7.67 Sec
	11 Sec
	12 Sec
	15 Sec
	11.67 Sec
	17 Sec
	


Figure 5.1

After comparing the results of the various models we created, several trends are apparent.  First of all, in all three functions, the GOMS model execution time for each scenario was between 1 and 2 seconds greater then the corresponding KLM model.  This is occurring because the GOMS model gives a more in depth description of each process.  It serves as a sort of working model for each function.  More verification steps were included in the GOMS model which accounts for the added time.  When comparing the GOMS model results to the user results, the GOMS model execution times are much higher then the user execution results.  A graphical representation of this data can be seen in figure 5.2.
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Figure 5.2

When comparing the results of our KLM models to the results of the user tests, it appears as though the model results are consistently higher then the user test results across the board.  In figure 5.2 above, the graphical display of our KLM results to the user test results provides a more distinctive aid in comparing the results.

It is plain to see that all KLM model results and GOMS model results are considerably higher then the user test results.  This may have occurred because no matter what level of experience each user had, they were able to perform some steps of each function faster then others.  The times for mental operators varied as well as moving the pointer to a specific location.  For example, moving the pointer in one instance may only be one inch while in other instances it may be a foot.  Although the results varied, it was by seconds.  This fact proves that KLM and GOMS models can be used to model different function of different programs and provide a reasonable execution time for any given function.
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