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Overview
Our team was assigned the task of designing a thermostat that would address issues of usability, perceived functionality, and energy consumption for thermostat users. Our objective was to create a design that encourages thermostat users to use less energy by setting reasonable temperatures, while engaging the user in a fulfilling interactive experience.

To help achieve this objective, we began by creating two complementary personae to guide our perspective as we examined existing designs, and also through the initial design process. 

Our inspections of existing thermostats lead to the following presumptions, which we then tried to address in our design:

Digital thermostats with too many buttons lead to confusion and feelings of frustration.
 Manual thermostats lack a scheduling feature, leading to unnecessary energy consumption when the user is away. 
Thermostats lack any indication that the system is actively working (cooling or heating), assuming either that users will hear the system working, or that they don’t need or care to know when it is working. This contributes to user misuse, causing users to continue to adjust the temperature, often overcorrecting, until they hear the system working.

We then conducted a user test of our initial design, and adjusted the design based on our results of the user test. A second, informal user test was performed only on the adjusted features of our redesigned thermostat. The redesigned features tested favorably, leading us to believe the features of our final design will in fact provide a positive user experience and reduce user energy consumption if implemented.


Personae Profile
Hank Davidson
Profile

Age:	62
Gender:	Male
Education: 	MBA
Occupation:	Data Manager
 (
 Photo: Microsoft Clip
 
Art
)Area of Residence:	Miami, FL
Annual Income:	$70,000
Home Life: 	An empty-nester, with a wife at home and 2 children in college
Ethnic/Cultural Background: 	American-born of European descent who grew up in a working-class household with a frugal father who taught him the value of a dollar
Hobbies and Recreation: 	Enjoys golf and tennis, and RVing with his family over long weekends and holidays
Concerns:	Whether he and his wife will have enough money for retirement
Personal Attributes:	A problem-solver, wears glasses
Goals:	To retire early

Personal Story

Hank has been a homeowner for 40 years. Due to his upbringing by parents who lived through the great depression, Hank is very money-conscious. He values a good deal and is always looking for the most economical option when shopping. He recently installed a heat pump when his air-conditioner stopped working to help him save money in the wintertime. Although Hank’s new heat pump is also environmentally friendly, that wasn’t a big factor influencing his decision to purchase that model. He is happy to be environmentally friendly when it is economically convenient for him.

Hank and his wife enjoy RVing. Now that they aren’t so tied down by their children they will often take a holiday or long weekend to go camping. It’s hard to say which they love more about RVing, nature or spending time with friends, whom they often invite to come out for a campfire. In order to haul the RV, the couple has purchased a large SUV, which Hank also drives to work every day. 

Hank works with technology a lot, and is a Database Manager for a mid-size regional business. He has an adventurous personality, and prefers to dive into a new task and read the manual only when all else fails.

Sample Life Scenarios

Hank and his wife are leaving for a long weekend of camping. Hank would like to adjust the thermostat to save money while they are away.
Hank is hot in the middle of the night. He stumbles into the hallway to adjust the thermostat.


Lu Chen
Profile

Age: 	18
Gender:	Female
Education: 	Bachelor of Fine Art
Occupation: 	Student
Area of Residence: 	Hunan, China/Bloomington, IN
Annual Income: 	---
 (
 Photo: Microsoft Clip Art
)Home Life: 	Living with her roommate in an apartment on campus 
Ethnic/Cultural Background: 	Born and grew up in China, the only child in her family
Hobbies and Recreation: 	music, reading, and hanging out with her friends
Concerns:	Health and Courses
Personal attributes:	optimistic, a little careless, but kind hearted 
Goals:	To earn her undergraduate degree with a good GPA and in a timely manner

Personal Story

Lu Chen is the cherished only child of Chinese parents who are providing financial support for her as she studies abroad, so she is not overly concerned with saving money. She has chosen to pursue her undergraduate degree at Indiana University and is living with a roommate in an apartment on campus. The rent of the apartment is fixed, and includes utilities such as electricity and water, so Lu isn’t concerned about her energy consumption.

Lu Chen’s hometown in China is extremely hot in summer and quite cold in winter. She is used to keeping the air conditioner running when she is home, while in winter keeping the house warm by different methods.

Being abroad alone, Lu is beginning to pay attention to health issues and trying to take care of herself. She is not very technology-savvy, and only knows the basic use of her laptop. Lu is easily confused when learning to use a new digital product.

Sample Life Scenarios
	
Lu is coming back from shopping with her friends. It’s a hot summer afternoon; they are carrying many bags and walking home. When she arrives back home, all she wants is to m and enjoy the cool air the air-conditioner bring to her.
In the cold winter in Bloomington, Lu still has to go out to have classes. After a day’s study, Lu feels tired and chilly. She wants to get warm as soon as she comes back home.




Initial Design
The initial design for our thermostat includes an LCD display with manual buttons to the right of the screen. The buttons appear in a single column, with the most important buttons, those used to adjust the temperature, located in the center. Two oval buttons appearing above the “up” and “down” buttons are labeled “Mode” and “Schedule”. Two identical buttons appear below and are labeled “Enter” and “Cancel”. When initially installed the thermostat will be turned off, essentially functioning only as a digital thermometer [Figure 1]. 


[bookmark: _Ref208824702]Figure 1
One goal we had for this design was to use as few buttons as possible. Users like “Lu Chen” who are not technologically inclined would appreciate seeing a clean and simple display. Fewer buttons helps prevent users from feeling confused about where to start and how to use it. 

The screen contains three numbers with a line of little dots across the bottom. The biggest number in the center shows the current temperature in the house, the number in the upper left corner shows the outside temperature, and the number in the upper right corner shows the temperature the user has set [Figure 2]. These three numbers will remain on the screen when user is not operating the thermostat, so that user can walk close, take a look and get to know the weather and inside temperature. 
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[bookmark: _Ref208825482]Figure 2
The line of dots [Figure 2] is one of method to address the main goal in Project 1, which is to prevent users from overcorrecting the temperature in an attempt to make the system work faster. This line of dots will display the distance between the actual and set temperatures, approximating the time required to reach the desired temperature. The greater the distance, the more dots will turn to larger circles. As the thermostat works, the circles will gradually turn back into little dots, showing the passage of time. We designed this line of dots in order to help users understand that the further they adjust the temperature, the longer they have to wait.  Thus, to avoiding waiting a long time, users will adjust the temperature less and to a more reasonable number.

The little light at the bottom is an indicator light, which will show the working status of the thermostat. When the thermostat is in idle, the light will be solid green, showing that power is on, and thermostat is keeping the temperature at a certain degree. When the actual temperature no longer matches the set temperature, the system will begin working, and the thermostat light will change to flashing yellow, showing that it is in the process of changing the temperature in the house.  We think users like “Lu Chen” would like to receive feedback from the thermostat as to whether it is working normally immediately after they adjust the temperature, to make sure they have operated it correctly and that there is nothing wrong with the thermostat.

We put all the buttons on the right-hand side because we want users to be able to operate the thermostat one-handed, and most people are right-handed. The “Enter”, “Cancel”, and up and down buttons are the basic function buttons to do selecting, adjusting the temperature, confirming and canceling jobs. The “Mode” button is to enter the mode choice menu [Figure 3]. Users can choose from four different modes: Automatic, Heat, Cool, Fan, and Off. Heat, Cool and Fan are fundamental functions for a thermostat, and Automatic is a feature we designed to help address the “green” aspect of Project 1. 

[bookmark: _Ref208826909]Figure 3
If the user chooses “Automatic”, the thermostat will adjust to an appropriate temperature automatically. This temperature is calculated from the inside and outside temperature, and the difference between the two. By selecting “Automatic”, the user can avoid the trouble of manually adjusting the temperature frequently, also reducing the number of opportunities for a user to misuse the thermostat by overcorrecting temperature. “Automatic” will keep the difference between the inside and outside temperature to a minimum, thus saving energy while keeping a healthy temperature – two aspects of a “green” design in our understanding.
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[bookmark: _Ref208827316]Figure 4
 The “Schedule” button [Figure 4] allows users to set their own schedule, programming at what day and what time the house should be at what temperature [Figure 5]. This schedule is very flexible, and would work for both “Hank’s” work or vacation plan and “Lu Chen’s” class schedule, and will fit their lifestyles. Setting different personal preferred temperatures at different times will make for efficient use of the thermostat, which means it is convenient for “Lu Chen”, and also saves energy, which means saving money for “Hank”.
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[bookmark: _Ref208827640]Figure 5
The overall user-experience can be seen depicted in Figure 6.
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User Test
The following interview was conducted using the index-card prototype depicted in Figures 1-6. Our test subject was a Caucasian male in his early 40s, who is a computer network analyst and also a landlord managing approximately 16 rental units.
Scenario 1: Set up your new thermostat
Q: you just installed a new thermostat in your home like this one. Now what are you going to do first?
A: I’m gonna push the down bottom, and continue.
Q: So now it arrives the temperature you want, what’s next?
A: I think I’ll push “Enter”.
Q: Let’s say you set the temperature to 77, now the temperature is going down, can you see what’s happening there?
A: Yes. Is this light blinking?
Q: Yes, does it make sense why?
A: Yes, it shows the thermostat is in process.
Q: Are you curious about this (the progress bar)?
A: I was a little curious.
Q: Does it mean anything to you?
A: hmm, perhaps it means the temperature is going down?
Q: If you were going to set a label to this (the progress bar), what would you call it?
A: hmm…
Q: Do you think it needs a label?
A: No. I guess that to me is sort of a status, I guess. This (the light) is telling me something’s happening, and this is telling me more specifically it is, I’m not sure there is need to have 3 things (light, progress bar, and the temperature displayed on the screen) to tell me that.
Q: So now if I tell you the thermostat is programmable, what would you do?
A: I think I might push “Schedule”.
Q: If you push “Schedule”, you will see something like this (the schedule menu).
A: Then I’ll push “Enter”.
Q: You enter a blank screen shows you there’s no schedule. What would you do?
A: I probably get back and hit down bottom to enter the “Set”.
Q: And you will see this (the schedule setting screen). (Explain the date part will be blinking.)
A: OK, so I’m gonna go through from Monday to Friday.
Q: So let’s say you’ve decided to set Monday’s schedule, you chose Monday, and then?
A: Then I’m going to push “Enter”, and jump to the setting of time and temperature.
Q: Now you’ve finished one day’s setting, you will see screen like this (with the schedule just set on the top of the screen), Does this make sense to you?
A: Yes, it shows what I just done, and I can go back to change it.
Q: Now say you’ve finished your schedule setting. You want to get back. What would you do?
A: I will try “Enter” to see if it will come back, I will be a little hesitate to push “Cancel”, because I don’t wanna lose the setting I just created. But it can be “Cancel” as well.
Q: So when the “Enter” doesn’t work, you might try “Cancel”?
A: Yeah.
Q: Let’s say you are finish the schedule setting and out of the setting screen now, you will see this (the schedule menu), what are you gonna do?
A: I will choose “Check” and push “Enter”, to see the schedule. And when I finish, I will push “Enter” to get back to the main screen.
Scenario 2: Jogging
Q: You just came home from a jog and you are hot, what would you do?
A: I will keep push the “down” button.
Q: OK, as you press the down button you see the number changes (the set temperature), and this is go up (the progress bar), does it make any sense to you, or will you alternate your action by seeing this change?
A: I’m confusing since there is numbers show you it’s working, why need another one (progress bar) to show you the same thing.
Q: Is there anything that a thermostat could do to make you turn the temperature down less?
A: No, if I’m really hot. So unless there has some governor to stop me…
	     Uh, question, how do you set the cool and heat?
	Q: What do you think about the “Mode”?
	A: Uh~ that can do it, but it’s a little tricky.
	Q: Now you enter the mode menu. 
A: the option “fan” is a little confusing. I think you mean circulate. But maybe you will need heat & circulate, and cold & circulate.
Q: What do you think about the “Automatic” option?
A: I think it means maintain the status automatically.
Q: Is this thermostat easy to use?
A: Pretty easy, I like that, because a digital thermostat usually making people confusing with many buttons.

The testing revealed some problems in our initial design, which needed to be improved, changed or even deleted. For example, the design of progress bar is intended to show users that the more they adjust the thermostat, the more they will have to wait. Thus, to avoiding a long time waiting, users should adjust the temperature less. However, the tester didn’t seem to change his behavior at all, even when the progress bar was pointed out to him. 

Another important part of our design is the “Automatic” mode. Because we didn’t put this option in a very obvious place, and with a label might lead to misunderstanding (there are several such examples like the buttons of “Cancel” and “Mode”), the tester do not quite understand the function of “Automatic”. 

We did also receive some positive feedback from the tester, such as the basic structure of the schedule’s interface was easy to use, the thermostat was overall very simple to operate, and some details like the light are rather useful.








Redesign
In the redesign of our thermostat, we focused on the following issues discovered in the user test:

The word “Automatic” did not convey the full functionality of that feature.
The word “Mode” did not adequately convey the functionality of the button. 
The user was generally confused by the “Mode” menu. 
The word “Cancel” led the user to think he would lose scheduling data if he pressed that button from the schedule menu. 
The “progress bar” did not have the desired effect of preventing misuse, and the user found it redundant.
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The term “Automatic” as used in the original “Mode” menu was intended to provide an auto-calculate feature, automatically setting the most energy-efficient, comfortable temperature. This temperature would be determined based both outside and current inside temperatures, and would automatically fluctuate with changing outside temperatures. Although this feature would not necessarily set the most energy-efficient temperature when the users are away, it would set a temperature that would be more environmentally responsible than most users would set on their own. This feature was added to the main screen [Figure 7], displaying the recommended temperature where it is clearly visible to users whenever they are viewing the current temperature. When users adjust the temperature via the up/down buttons, the recommended temperature flashes. The flashing temperature and message shown in Figure 9 encourage the user to set an appropriate temperature.

Given the user’s hesitation to use the “Mode” button, we changed the word “Mode” to “Options” [Figure 7], drawing on the term’s ubiquitous presence in computer software application menus to help convey that this button sets the heating and cooling options and fan settings. We addressed the user’s confusion regarding the “Mode” menu by separating the heat/cool and fan settings into two sections in the menu. The heat/cool setting we labeled “Mode” and the fan settings we labeled “Fan” [Figure 8]. This separation of mode and fan is typical in most existing thermostats, and is consistent with user expectations of the product. 
[image: ]
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Changing the word “Cancel” to “Back” better explains the intended function of this button. This change also addresses the user’s need for a “menu” button, as it allows for backward navigation through to the temperature screen. We also changed the shape of the button to a left-facing triangle, reflecting the functionality of the back button in an Internet browser. Even non-technical users like “Lu Chen” should have no trouble recognizing this common shape. 

Changing the shape of the back button led us to consider the “Enter” button as well. We felt this button should be distinguishable from the other buttons for users like “Hank” who have poor eyesight. The distinctive rectangular shape also hints at its function, implying that something will be set or saved when this button is pressed.  

It was clear to us from the user test that the “progress bar” did not have the desired effect, and needed to be replaced. We removed the progress bar entirely and replaced it with two text messages that appear on the screen under certain conditions. The first message tells the user how to apply the “recommended” temperature [Figure 9]. This message is intended to encourage use of an appropriate temperature by making it visible and easy to use. This message appears whenever the user is adjusting the temperature by pressing the up or down arrows.

The second message [Figure 10] appears if the user adjusts the temperature more than 10°F (5°C) from the current (“actual”) inside temperature. This message warns the user that “drastic changes in temperature can greatly reduce the efficiency of the heating/cooling system”. It would appear only once, but the user must acknowledge the message, requiring them to move their hand away from the arrow buttons and encouraging them to pause and think about the temperature they are setting.
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Conclusion
Although more user testing is needed to confirm our findings, results of an informal second user test indicate the changes made in the redesign process are effective in curbing unwanted user behavior. The second user found the “recommended temperature” feature useful, and when presented with the warning message after passing the 10 degree difference point, chose to stop adjusting the temperature. We believe the difference of behavior between the first user and the second indicates these features would help users to be more energy efficient, and still allow for a positive user experience.
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