1. Introduction: 
GOMS, which stands for Goals, Operators, Methods and Selection Rules, is a family of techniques being used in modeling and describing human tasks performance. There are several GOMS models being proposed, which includes keystroke level model (KLM), Card Moran Newell (CMN) GOMS, Natural GOMS Language (NGOMSL) and Cognitive Perceptual Motor (CPM) GOMS. These methods are actively being used as theoretical approaches of Human Computer Interaction.
In this short report, we will perform a KLM-GOMS analysis on a set of menu selection techniques. Then we will compare the results of the analysis with the results of the controlled experiment that evaluates the same set of menu selection techniques. We will also discuss the fundamental differences in the analysis if CMN-GOMS had been used. 

2. Methodology

In this section, we will first state the four menu selection techniques that we are trying to evaluate. This is followed by a detailed KLM-GOMS analysis on one of these menu techniques. Then we will present the KLM analysis of all other techniques in a table form. 
2.1 Menu techniques: 
We will perform our analysis on the following four menu techniques: The simple stroke menu technique, the expanded menu technique and sunburst menu technique. These three techniques are described in assignment 2. The fourth menu technique we evaluate is the linear dropdown menu technique, where items in each level are organized in a linear column. Most of the function menu designs in Windows programs use the linear menu technique, such as Microsoft word.  

2.2 A complete KLM-GOMS walk-through: 

Now we present our complete KLM-GOMS analysis on the simple stroke menu technique. 
2.2.1 Goals: 

There are three goals (tasks) that we will try to accomplish:

1. Select a leaf menu item with a given path. 
2. Select a leaf menu item without knowing the path to it.

3. Select a sequence of two leaf menu items without knowing the paths to them.

2.2.2 Operators:
We use eight primitive types of operators that are defined in KLM-GOMS in our analysis. They are listed below with the estimated time required to perform each of them. Notice that we will refer to each operator with its letter in the front from now on.

K: to press a key or a button. In our analysis it refers to a keyboard shortcut to our linear menu. (0.1 sec)
B: to click or to press/release the mouse. (0.1 sec)
P: to point with a mouse to a target on a display (1.1 sec)
H: to home hands on keyboard or mouse (0.4 sec)
M: to mentally prepare to do an action or closely related series of primitive actions. In our analysis it is also referred to acknowledging to the instruction or making a decision on which intermediate menu item to choose. (1.35 sec)
E: move eyes to a location on the screen. (0.4 sec)
R: to symbolize the system response time during which the user has to wait. In our analysis this refers to the animation time. (0.2sec)   

S: time required to perform one single stroke. (0.5sec)
We also define an aggregate operator T with the following steps. This operator is used in our analysis extensively to represent moving from one level of the menu to its children. We assume that the user’s hand is on the mouse and the mouse is pointing at the current root item when T is invoked.

T: Move from a parent menu item to one of its children (0.8 sec) 

1. Hold the left mouse button down. (B)

2. Identify the child menu item location. (E)

3. A single stroke to move to move the mouse in the direction of the child item (S)

4. Release the mouse (B)

Total estimated time: T=BESB=0.1+0.2+0.5+0.1=0.9 sec
2.2.3 Methods for the goal:

Condition 1: Two level menus where menu items are all in logical order.
Method for goal 1: Select a leaf menu item with a given path. 
1) Read the paths instruction (M)

2) Click on the mouse to display the menu (B)

3) Move from root to its first level (T)

4) Wait for the animation time (R)

5) Re-position the mouse to the new root (P)

6) Move from first level to the second level (T)
MBTRPT

Method for goal 2: Select a leaf menu item without knowing the path to it.
1) Read the instruction to obtain which menu item to select (M)

2) Click the mouse to display the menu (B)

3) Decide which item to choose at this level (M)
4) Move from root to its first level (T)
5) Wait for animation time (R)

6) Re-position the mouse to the new root (P)

7) Move from first level to the second level (T)

  MBMTRPT
Method for goal 3: Select a sequence of two leaf items without knowing the paths to them.
1) Read the instruction to obtain which two menu item to select (M)

2) Click the mouse to display the menu (B)

3) Decide which item to choose at this level (M)
4) Move from root to its first level (T)
5) Wait for animation time (R)

6) Re-position the mouse to the new root (P) 

7) Move from first level to the second level (T) 

8) Repeat 2-7 once to move to target item. 

MBMTRPTBMTRPT
Condition 2: Three level menu where menu items are all in logical order.

Method for goal 1: Select a leaf menu item with a given path.
1) Read the paths instruction (M)

2) Click the mouse to display the menu (B)

3) Moving from root to its first level (T)

4) Wait for the animation time (R)

5) Re-position the mouse to the new root (P)

6) Moving from first level to the second level (T)

7) Repeat 4-6 once to move to target item.
  MBTRPTRPT
Method for goal 2: Select a leaf menu item without knowing the path to it
1) Read the instruction to obtain which menu item to select (M)

2) Click the mouse to display the menu (B)

3) Decide which item to choose at this level (M)

4) Move from root to its first level (T)
5) Wait for animation time (R)

6) Re-position the mouse to the new root (P) 

7) Decide which item to choose at this level (M)
8) Move from first level to second level (T)

9) Wait for animation time

10) Reposition the mouse to the new root (P) 

11) Move from second level to the target item (T)   


  MBMTRPMTRPT
  Method for goal 3: Select a sequence of two leaf items without knowing the paths to them.
1) Read the instruction to obtain which two menu item to select (M)

2) Click the mouse to display the menu (B)

3) Decide which item to choose at this level (M)
4) Move from root to its first level (T)
5) Wait for animation time (R)

6) Reposition the mouse to the new root (P) 

7) Decide which item to choose at this level (M) 

8) Move from first level to the second level (T)

9) Wait for animation time (R)

10) Reposition the mouse to the new root (P) 

11) Move from second level to the target item (T) 

12) Repeat 2-11 once to obtain the second item in the instruction. 

MBMTRPMTRPTBMTRPMTRPT
Condition 3: Two level menu where menu items are not in logical order

Method for goal 1: Select a leaf menu item with a given path. 

1) Read the paths instruction (M)

2) Click the mouse to display the menu (B)

3) Move from root to its first level (T)

4) Wait for the animation time.(R)

5) Re-position the mouse to the new root (P)

6) Move from first level to the second level (T)

MBTRPT

Method for goal 2: Select a leaf menu item without knowing the path to it.

1) Read the instruction to obtain which menu item to select (M)

2) Click the mouse to display the menu (B)

3) Decide which item to choose at this level. (M)

4) Move from root to its first level. (T)

5) Wait for animation time (R)

6) Re-position the mouse to the new root (P)

7) Move from first level to the second level (T)


  MBMTRPT

  Method for goal 3:

1) Read the instruction to obtain which menu item to select (M)

2) Click the mouse to display the menu (B)

3) Decide which item to choose at this level. (M)

4) Move from root to its first level. (T)

5) Wait for animation time (R)

6) Re-position the mouse to the new root (P)

7) Move from first level to the second level (T)


8) Repeat 2-7 once to simulate an incorrect user selection.  

9) Repeat 2-7 once to select the second item. 

MBMTRPTBMTRPTBMTRPT
The rest of the analysis is presented in table 1. Along with this analysis, we would like to discuss the empirical differences between the three techniques, with respect to different tasks and conditions. We believe that this would help understanding the analysis methodology that we use. 
First of all, the simple stroke technique only reveals one level of its menu items at a time. Hence when asked to find a leaf item without giving path information, the user would have to make a mental preparation to relate this leaf item with its parent (and grandparent if it is a three level menu). In contrary, the expanded menu technique (and the sunburst 
	Condition
	Task
	SUNBURST
	SINGLE STROKE
	EXPANDED
	Linear

	2 Level ordered
	traverse given path
	MBTRPT
	MBTRPT 
	MBTRPT
	1) MPBMPB
2)HMK

	
	find leaf node
	MBTRPT
	MBMTRPT
	MBTRPT
	1)MMPBMPB  2)HMK

	
	find sequence of two nodes 
	MBTRPTBTRPT
	MBMTRPTBMTRPT
	MBTRPTBTRPT
	1)MMPBMPBMPBMPB  
2)HMKHMK

	3 Level ordered
	traverse given path
	MBTRPTRPT
	MBTRPTRPT
	MBTRPTRPT
	1)MPBMPBMPB  2)HMK

	
	find leaf node
	MBMTRPTRPT
	MBMTRPMTRPT
	MBTRPTRPT
	1) MMPBMPBMPB  2)HMK

	
	find sequence of two nodes 
	MBMTRPTRPTBMTRPTRPT
	MBMTRPMTRPTBMTRPMTRPT
	MBTRPTRPTBTRPTRPT
	1)MMPBMPBMPBMPBMPB 
2)HMKHMK

	2 Level unordered
	traverse given path
	MBTRPT
	MBTRPT
	MBTRPT
	1)MPBMPB  2)HMK

	
	find leaf node
	MBTRPT
	MBMTRPT
	MBTRPT
	1)MMPBMPB 2)HMK

	
	find sequence of two nodes 
	MBTRPTBTRPT
	MBMTRPTBMTRPTBMTRPT
	MBTRPTBTRPT
	1)MMPBMPBMPBMPBMPB 
2)HMKHMK


Table 1: Methods for goals table for all techniques, conditions and tasks
technique in the 2 level menu condition) reveals all levels of its menu items at one time. No mental preparation is needed to construct the path information in mind. 
In a 2 level unordered menu condition, items are not organized by its logical relationships. This introduces difficulties to users who perform tasks with simple stroke technique. For instance, since only the first menu level is shown to begin with, a task of finding a leaf node in this condition will force the user to guess what path should be taken to get to the leaf. However, these guesses are often incorrect and the users would have to restart the trial if it happens. To take this extra time needed into account, we make an assumption in our analysis that users make one incorrect guess on each trial. We incorporate this into our KLM-GOMS analysis by adding a repeated menu item selection.
Notice that the KLM-GOMS model cannot capture the difference between sunburst and expanded menu techniques when a two level menu is used. Both menu techniques in this condition would be projected with the same performance time. This is a weakness of model-based approaches. 

Finally, the linear menu technique that we analyze is assumed to be a drop down menu with shortcuts to each of its menu items. That is, all menu items can be selected in two ways: one is through mouse clicks and one is through keyboard hot-keys. The later method always requires the same amount of time for selecting any menu item. 
3. Results and discussion:

3.1 Results 
Table 2 illustrates the results we obtain by performing GLM-GOMS in all of our menu techniques. The results obtained from the controlled experiment are also attached for the comparison purpose. They are printed in lighter grayscale to make it easier to distinguish. 
3.2 Discussion:

In this section, we will first compare the KLM-GOMS analysis that we perform with the experiment results obtained in assignment two. This is followed by a comparison between the three stroke-based menu techniques and the linear menu technique. At the end, we will also discuss how we can use CMN-GOMS to accomplish the same analysis.
As we can see in table 2, the time that KLM-GOMS analysis computes are more or less comparable to the actual experiment time. This shows that in general the KLM-GOMS can offer a fairy accurate estimation of the actual task completion time. In addition, the time that we obtain from GOMS is slightly shorter than the actual experiment time in most of the cases, which reflects the nature that KLM-GOMS always predict the performance time as if an expert user is using the system. Therefore the theoretical analysis results act as the lower bound of the actual experiment results, in terms of task completion time.  
Several values that we compute with KLM-GOMS are significantly slower than the actual experiment, which are contrary to what we discuss above. In particular, this is frequently observed in the task “find a sequence of two nodes” with the simple stroke technique. However, we believe that the discrepancies are caused by our initial assumption that user will make one incorrect guess for each leaf node selection on a 2 level unordered menu. By consulting the error rate of the experiment results, we are convinced that the users make mistakes less often than this. In fact, the expected error rate for simple stroke menu technique is 0.45, which means that users are likely to make a mistake for roughly every 2 selections. 
It is interesting to observe an increasing trend for performance time in our theoretical analysis. That is, the time it costs for traversing the path is always shorter than the time it costs for finding a leaf item, which is consequently shorter than finding a sequence of two leaves. This makes intuitive sense since the task difficulties are also increasing. However, it does not match up with the results in our actual experiment, where performance time in finding a leaf item is not always longer than traversing a path. This demonstrates to us that it is very difficult to predict user behaviors with a fixed model, such as the GOMS. Controlled experiments are needed to precisely capture user performances.
According to the GOMS analysis, if we use the mouse clicking approach, the linear menu technique is almost guaranteed to be slower than all the other three techniques. One possible reason is that we replace the “point” and “click” (1.2sec) for each selection in linear menu with a single “stroke” (0.5sec) in other three techniques, which requires much shorter completion time.
We could have replaced the KLM-GOMS with CMN-GOMS for this analysis. The CMN-GOMS allows us to describe the method of goals in a program form. It also allows conditional branching and sub-methods. For example, we could have replaced the first task of the single menu technique with the following CMN-GOMS:

Goal: select a leaf item 


Goal: select an intermediate item 


Goal: Pop up the menu 



 Click the mouse (B)



 Verify that the menu is displayed (M)


Goal: Move from the root to the first level 



 Hold the left mouse button down. (B)

Identify the child menu item location. (E)

Move the mouse in the direction of the child item (S)

Release the mouse (B)

Verify reaching first level (M)

Goal: Move from first level (intermediate item) to the target



  Hold the left mouse button down. (B)

Identify the child menu item location. (E)

Move the mouse in the direction of the child item (S)

Release the mouse (B)

As we can see, CMN-GOMS differs from KLM-GOMS in two significant ways. First of all, CMN-GOMS declares explicit goals for a set of operations. It presents the stepwise analysis in a programming language style, where sub goals are used as sub-methods to achieve the overall goals. Secondly, the mental preparation for an action at the beginning is replaced by a mental verification of an action at the end. Other than that, CMN-GOMS acts virtually the same as KLM-GOMS. 
4. Conclusion: 

In this report, we present a KLM-GOMS analysis on four menu techniques. We compare our empirical results with the experiment results obtained before. The comparison shows that KLM-GOMS, which is normally used to measure expert user performance, usually results in shorter task completion time than the controlled experiment. We also compare the linear menu technique with other three techniques and conclude that linear menu technique is generally slower, unless keyboard shortcuts are allowed. We finally discuss CMN-GOMS as an alternative of KLM-GOMS and point out the difference and similarities between these two GOMS variations. 

	Condtion
	Task
	 
	SUNBURST
	SINGLE STROKE
	EXPANDED
	Linear

	2 Level ordered
	traverse given path
	Experiment
	4.6
	4.154
	4.824
	N/A

	
	
	KLM-GOMS
	4.55
	4.55
	4.55
	1) 5.1  2)1.85

	
	find leaf node
	Experiment
	5.172
	4.05
	4.666
	N/A

	
	
	KLM-GOMS
	4.55
	5.9
	4.55
	1) 6.45  2)1.85

	
	find sequence of two nodes 
	Experiment
	9.997
	8.793
	8.924
	N/A

	
	
	KLM-GOMS
	7.75
	10.45
	7.75
	1) 11.55  2)3.70

	3 Level ordered
	traverse given path
	Experiment
	7.343
	6.593
	7.161
	N/A

	
	
	KLM-GOMS
	6.75
	6.75
	6.75
	1)7.65  2)1.85

	
	find leaf node
	Experiment
	8.093
	6.604
	8.564
	N/A

	
	
	KLM-GOMS
	8.1
	9.45
	6.75
	1) 9.00  2)1.85

	
	find sequence of two nodes 
	Experiment
	15.622
	15.219
	15.211
	N/A

	
	
	KLM-GOMS
	14.85
	17.55
	12.15
	1) 14.1  2)3.70

	2 Level unordered
	traverse given path
	Experiment
	4.51
	3.669
	4.216
	N/A

	
	
	KLM-GOMS
	4.55
	4.55
	4.55
	1) 5.10  2)1.85

	
	find leaf node
	Experiment
	5.629
	3.813
	4.615
	N/A

	
	
	KLM-GOMS
	4.55
	5.9
	4.55
	1) 6.45 2)1.85

	
	find sequence of two nodes 
	Experiment
	10.004
	10.244
	9.246
	N/A

	
	
	KLM-GOMS
	7.75
	15
	7.75
	1) 14.10 2)3.70


Table 2: The analysis results and experiment results of the four menu techniques
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