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I. Introduction
This document details our group’s efforts evaluate the design of our Golf Scorecard app. This document is organized as follows. In section II (Heuristic Evaluation), we develop several heuristics for evaluating our design.  In section III (Cognitive Walkthrough), we conduct a cognitive walkthrough of each of our core tasks by answering the three questions for each step and explaining the problem.  In Section IV (Usability Experiment), we design and conduct a usability experiment.  In section V (Comparison Experiment), we design a comparison experiment.  Section VI (Summary) summarizes this information in a tabular form and presents some brief discussion of the complexity of our design.
II. Heuristic Evaluation
	Title
	Explanation
	Question(s)
	Development

	Match between system and the real world 
(General)
	The system should allow users to perform actions in ways similar to those in which they would perform the same actions without using the system
	- Is the language used at the interface simple?
- Is appropriate feedback provided within reasonable time about a user's action?
- Does the system work similarly to a paper scorecard system?
	This is taken from Jakob Nielsen’s list of 10 general-purpose interface heuristics and adapted for use in our system.

	Aesthetic and minimalist design 
(General)
	The system should have an attractive, uncluttered design which promotes efficiency without sacrificing clarity
	- Is any unnecessary and irrelevant information provided?
- Are highly visible system functions meaningful to golfers?
	This is taken from Jakob Nielsen’s list of 10 general-purpose interface heuristics and adapted for use in our system.

	Ease of input, screen readability and glancability
(Specific – Mobile)
	The system should be usable in a variety of lighting and environmental situations, given the mobile nature of the platform.
	- Does the user have to use both hands?
- Is the screen easy to read despite lighting conditions?
- Can crucial information be obtained by glancing?
- Will users be able to use the app indoors and outdoors despite weather/lighting conditions?
	This is taken from a paper available through the ACM Portal, and adapted for use in our project:
E. Bertini, S. Gabrielli, S. Kimani. Appropriating and assessing heuristics for mobile computing. In proceedings of the working conference on advanced visual interfaces, May 2006.





	Title
	Explanation
	Questions
	Development

	Flexibility, efficiency of use and personalization (Specific – Mobile)
	The system should be flexible in meeting the demands of a varied collection of users, who should be expected to use the system in a variety of different usage scenarios.
	- Can users personalize frequent actions?
- Can users dynamically configure the system?
- Is the system flexible enough to accommodate a wide range of golfers’ needs?
	This is taken from a paper available through the ACM Portal, and adapted for use in our project:
E. Bertini, S. Gabrielli, S. Kimani. Appropriating and assessing heuristics for mobile computing. In proceedings of the working conference on advanced visual interfaces, May 2006.

	Appropriate affordances
(Design Principle)
	The system should make appropriate use clear to users through the use of familiar and consistent interface mechanisms
	- Do appropriate actions suggest themselves?
- Do interface elements respond to natural interactions?
- Will golfers feel like the way in which the interface behaves is familiar to them and consistent with what they expect?
	This is taken from a design principle discussed by Norman and mentioned in the course text: affordances.

	Appropriate constraints
(Design Principle)
	The system should make inappropriate use difficult or impossible by offering only correct and meaningful interface mechanisms in every system state
	- Are inappropriate actions hidden?
- Are appropriate actions made no more complicated as a result?
- Will golfers be protected from invalid actions without being excessively hindered in performing valid ones?
	This is taken from a design principle discussed by Norman and mentioned in the course text, adapted for use in our project: constraints.

	Easy to learn
(Usability)
	The system should be such that new users can learn most important functions in little time with at most modest effort
	- Can the user figure out how to perform appropriate actions?
- Can the user determine what the capabilities of the system are?
- Will golfers be willing to make the required effort to learn the system for the benefit the system provides?
	This is taken from one of our usability goals, which is one outlined by Norman and mentioned in the course text, adapted for use in our project: learnability.

	Title
	Explanation
	Questions
	Development

	Efficient use possible
(Usability)
	The system should make it possible for users to achieve good levels of efficiency in performing known tasks
	- Do appropriate actions take a reasonable amount of time / number of steps?
- Do experienced users benefit from acquired knowledge?
- Will golfers be able to use the system efficiently, once the system has been learned?
	This is taken from one of our usability goals, which is one outlined by Norman and mentioned in the course text, adapted for use in our project: efficiency.

	Satisfying
(User Experience)
	The system should leave users feeling satisfied upon successfully completing tasks
	- Is the app easy to use? - Does the app add to the user’s satisfaction or detract from the user’s doing the task?
- Will the app add to rather than detract from golfers’ enjoyment of the game?
	This is taken from one of our user experience goals, which is one outlined by Norman and mentioned in the course text, adapted for use in our project: satisfaction.

	Helpful
(User Experience)
	The system should give users the impression that the system has been helpful enough to justify users’ using it
	- Are common actions made easier using the system?
- Are special functions something users care about?
- Will golfers feel like the app adds value over paper scorecards?
	This is taken from one of our user experience goals, which is one outlined by Norman and mentioned in the course text, adapted for use in our project: helpfulness.



III. Cognitive Walkthrough
The following table is a cognitive walkthrough of each of the three core tasks for the design.
IV.I. Subtask – Managing Courses
	1. Click the ‘Courses’ button on the main screen

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	2. Press the Menu hardware button

	Will the user know what to do?
	Possibly
	Place an add button on the interface so that the menu button doesn’t need to be pressed

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	3. Click the ‘Add’ menu option

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	4. Click the entry field next to the Name label and type in a name using the soft keyboard

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	5. Click on each entry field for the values in the table and type in a number using the soft keyboard

	Will the user know what to do?
	No
	The value labels in the table look exactly like all the other labels. They do not have the normal button imagery that virtually affords pressing. We could change their background to indicate that they can be pressed.

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	6. Click the ‘Save’ button

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	6. Select a course from the list

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	7. Click on any of the entry fields and use the soft keyboard the enter a new value

	Will the user know what to do?
	No
	The value labels in the table look exactly like all the other labels. They do not have the normal button imagery that virtually affords pressing. We could change their background to indicate that they can be pressed.

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	8. Click the ‘Save’ button

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	9. Long click a course from the list

	Will the user know what to do?
	Possibly
	Add delete button next to each item in the list so the long click does not have to be done

	Will the user know how to do it on the interface?
	Possibly
	Android users might not know the long click can be done so we will add delete buttons so it is not necessary

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	10. Click the ‘Delete’ menu option

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	11. Press the Back hardware button to go back to the main screen

	Will the user know what to do?
	Possibly
	We could add a back button to the interface so the hardware button is not necessary

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	



IV.II. Subtask – Managing Rounds
	1. Click the ‘Rounds’ button on main screen

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	2. Press the Menu hardware button

	Will the user know what to do?
	Possibly
	Place an add button on the interface so that the menu button doesn’t need to be pressed

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	3. Click the ‘Add’ menu option

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	4. Select a course from the list

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	5. Click the entry field next to the date label

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	6. Enter the date using the date picker dialog

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	7. Click the entry field next to the time label

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	8. Enter the time using the time picker dialog

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	9. Click the ‘Add Player’ button

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	10. Enter a player name using the soft keyboard

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	11. Click ‘Save’

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	12. Select a round from the list

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	13. Click on one of the score labels in the table

	Will the user know what to do?
	No
	The score labels in the table look exactly like all the other labels. They do not have the normal button imagery that virtually affords pressing. We could change their background to indicate that they can be pressed.

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	14. Click the ‘+’ button to increment the score by 1

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	15. Press the Back hardware button to go back to the scorecard

	Will the user know what to do?
	Possibly
	Place a back button on the interface so that the menu button doesn’t need to be pressed

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	16. Press the Back hardware button to go back to the rounds list

	Will the user know what to do?
	Possibly
	Place a back button on the interface so that the menu button doesn’t need to be pressed

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	17. Long click on a round in the list

	Will the user know what to do?
	Possibly
	Add delete button next to each item in the list so the long click does not have to be done

	Will the user know how to do it on the interface?
	Possibly
	Android users might not know the long click can be done so we will add delete buttons so it is not necessary

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	18. Click the ‘Delete’ menu option

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	19. Press the Back hardware button to go back to the main screen

	Will the user know what to do?
	Possibly
	Place a back button on the interface so that the menu button doesn’t need to be pressed

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	



IV.III. Subtask – Viewing Statistics  
	1. Click ‘Statistics’ on main screen

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	2. Select a golfer from the list

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	3. Click ‘Select Course’

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	4. Select a course from the list

	Will the user know what to do?
	Yes
	

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	5. Press the Back hardware button to go back to the golfer screen

	Will the user know what to do?
	Possibly
	Place a back button on the interface so that the menu button doesn’t need to be pressed

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	

	6. Press the Back hardware button to go back to the main screen

	Will the user know what to do?
	Possibly
	Place a back button on the interface so that the menu button doesn’t need to be pressed

	Will the user know how to do it on the interface?
	Yes
	

	Will the user be able to interpret the system feedback to determine if the action produced the desired effect or no?
	Yes
	



III. Usability Experiment
III.I. Usability Experiment
III.I.I. Usability Requirement 
The user should be able to enter the number of strokes per hole quickly. Operationalized: It should take the user no more than 15 seconds to pull out the phone, activate it, and enter the number of strokes for the hole; no more than 5 seconds to enter a score if the phone is already activated.
III.I.II. What data did we collect?
We recorded the time it takes for a test user to enter a score for a single golfer on a single hole in our application.
We recorded this data for three different scenarios:
Scenario 1:  The phone initially has a locked screen and is in the test user’s pocket or sitting on a table if the test user doesn’t have pockets. The app has not been started, and will not have any saved state.  This means that when the app is started, it will initialize to the start menu.  There will be saved games already in the phone’s memory, however, so that the user will not have to go through the process of creating a new game.
Scenario 2:  The phone is initially unlocked and is in the test user’s hand.  Like in Scenario 1, the app has not been started, and will not have any saved state.
Scenario 3:  Like in Scenario 1, the phone initially has a locked screen and is in the test user’s pocket or sitting on a table if the test user doesn’t have pockets.  Unlike Scenario 1 and 2, the app will have already been started on the phone and navigated to the edit hole screen.  This means that when the phone screen is unlocked, the edit hole screen will appear instead of the phone’s main menu.
III.I.III. Why did we choose this data to collect?
We chose to collect data on how long it takes test users to enter scores because the usability requirement specifically states a maximum length of time that task should take.  Once empirical data on how long the task normally takes was acquired, it became a trivial task to determine whether the requirement was met or not.
III.I.IV. How did we collect the data?
The data was collected by first placing the test user in a quiet environment with minimal distractions.  Then, using a phone that had the app installed on it, the user was given instruction on how to use the application until the user indicated he/she understood the app.  Then the user was allowed two minutes to practice using the app.
Next, Scenario 1 was explained to the user.  Once the test user indicated he/she understood the scenario, the initial conditions of the scenario were set.  We started a stopwatch and signaled the user to begin at the same time.  When the user had successfully completed the scenario, the stopwatch was stopped and the time was recorded.  Scenario 1 was then repeated four more times, resulting in five total times for Scenario 1.
Next, the same procedure was done for Scenario 1 was repeated for Scenarios 2 and 3.  
III.I.V. How did we analyze the data to decide if our design met the usability requirement?
As was mentioned before, once empirical data on how long it takes test user’s to enter scores into the app is acquired, it is trivial to decide whether the usability requirement is met.  If the data says the normal time it takes is less than what is stated in the requirement, then the requirement has been met.
III.I.VI. Data
	Scenario 1

	Time \ User
	1
	2
	3

	1
	10.4
	11.8
	10.8

	2
	11.6
	12.4
	11.2

	3
	12.4
	11.5
	11.7

	4
	10.4
	10.8
	12.1

	5
	9.1
	11.1
	10.7

	Scenario 2

	Time \ User
	1
	2
	3

	1
	6.5
	6.1
	6.3

	2
	5.3
	6.3
	5.6

	3
	6.3
	6.0
	5.9

	4
	5.4
	5.3
	6.2

	5
	4.9
	6.8
	5.3

	Scenario 3

	Time \ User
	1
	2
	3

	1
	3.4
	3.8
	3.6

	2
	3.7
	3.7
	3.1

	3
	2.9
	3.4
	2.7

	4
	3.8
	3.0
	3.2

	5
	3.5
	3.2
	3.0



III.II. User Experience Experiment
III.II.I. User Experience Requirement
The user should feel that the app is as easy to use as a paper scorecard. Operationalized: On a scale from 1 to 5, users should rate the ease of use of the application compared to paper scorecards at least a 4.
III.II.II. What data did we collect?
We collected a Likert scale responses to statements about the ease of use of the application for each test user.  We asked each test user how much they agreed with each of these statements:
The golf scorecard app is as easy to use as a paper scorecard.
Recording scores in the golf scorecard app is as quick as doing it on a paper scorecard.
The golf scorecard app’s scorecard display is as easy to understand as a paper scorecard’s.
Paper scorecards are more frustrating to use than the golf scorecard application.
III.II.III. Why did we choose this data to collect?
The user experience requirement states that the test user’s opinion of how easy the app is to use in comparison to a paper scorecard should be high.  One of the most common methods used to collect data about people’s opinions is Likert scales.  Once we acquired the quantitative data that the Likert scales provided, we were able to evaluate whether the app met the requirement.
III.II.IV. How did we collect the data?
We collected this data by first allowing test users fifteen minutes to learn and use the app.  Once the test users had satisfied themselves that they had fully explored the app, we gave them a short questionnaire consisting of the statements above.  They were asked to indicate, on a scale of 1 to 5, how much they agreed with each statement.
III.II.V. How did we analyze the data to decide if our design met the usability requirement?
To determine an overall opinion of the apps ease of use for each test user, we calculated the average value of their responses.  We then calculated the average of all test user’s responses.  It was then easy to compare this number with the minimum average rating the requirement stipulated.
III.II.VI. Data
	Question \ User
	1
	2
	3

	The golf scorecard app is as easy to use as a paper scorecard.

	4
	4
	3

	Recording scores in the golf scorecard app is as quick as doing it on a paper scorecard.

	5
	5
	4

	The golf scorecard app’s scorecard display is as easy to understand as a paper scorecard’s.

	5
	3
	2

	Paper scorecards are more frustrating to use than the golf scorecard application.

	3
	3
	3



IV. Comparison Experiment
	
	
	Comments

	Null Hypothesis
	Users will take more time to enter a score using the app when compared to using a paper scorecard
	

	Alternative Hypothesis
	Users will take less time to enter a score using the app when compared to using a paper scorecard.
	One-tailed because it specifies only one direction of difference

	Independent Variable(s)
	Which method is used to record scores
	Possible Values: Application, Paper.  These two are also the corresponding experimental conditions because there is only one independent variable.

	Dependent Variable(s)
	Time it takes to enter a score
	Possible Values: 
Time in seconds measured using a stop watch

	Experimental Design and Justifications
	-Same participants with counter-balancing

	-No need to worry about experience.  We want experience people.
-Want most accurate comparison so use same person, same abilities

	Counterbalance
	Half of the participants will do paper scorecard first while the other half will do the application first.
	

	Analysis
	Use the average times for analysis
	We will be able to compare times to reject/accept the null hypothesis

	Conclusion
	If the null-hypothesis could be rejected, we can conclude that the application is faster.
	



VII. Appendix

VII.I. Appendix A – Usability testing data and analysis

