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Thermostats 
Thermostats 
 
Premise: Improving  the  usability  of thermostats 

will facilitate energy  saving  behavior  will facilitate energy‐saving  behavior  



 

           
         
     

           
   

                   
           

This Talk
This Talk
 

1.  Surveyys of  usabilityy of  thermostats  in  homes  

2.  Methodology  for quantifying  usability  of  

thermostats  and  other  controls 
Conclusions:  

• FFew hhomes  exploit  full  pot ti  tential offl it f ll  l  

programmable  thermostats  

•	 It is  possible  to quantify  usability  in  a way suitable
It is  possible  to quantify  usability  in  a way suitable 

for use  in  design  specifications  for standards  



     
         

   

 

   

       

Are Programmable  Thermostats
 

U d  C  Used Correctlly ((or ffeatures fully expl iloited)? 
f ll  d)?  

Parallel  investigations  via: 

1. Weatherization crews 
2.  Amazon  Mechanical Turk 

3.  Interviews  and other on‐line  surveyys 
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Surveyy of  a Weatherized Home 
 

-“Do you use the programming 
features of the thermostat?”features of the thermostat? 

- “Yes” 

-“Are you satisfied with your thermostat?” 

- “ItIt’s OK”s OK 

-“If you could have a new thermostat, whatIf you could have a new thermostat, what 
would you like it to do differently from your “The thermostat is on Hold” 

current thermostat? (language, font size, 
button size, technical terms)?” 
- “NO” 



   

       

   

       

Weatherization  Survey  Results 
Weatherization  Survey  Results 
 

• 20 homes visited (in  mid‐west)
 20	 homes visited (in  mid west) 
•	 45% on “hold” 

% i h d ff (i  i  )• 5% switched off (in  winter) 
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Amazon Mechanical  Turk Survey 
Amazon Mechanical  Turk Survey  

The  Workers:The  Workers: 

1. Fill out surveys on  

the ebthe web 

1. Photograph  their  

thermostats  

1. Get paid  viapaid  

Amazon  

We get rapid,  

tabulated,  results! 



     

       

         

     

       
   

Amazon Mechanical  Turk ResultsAmazon Mechanical  Turk Results  

• 63 responses in 24 hr63 responses in 24 hr 

•	 ~20% had errors in time  

settingsetting  

• ~50% on long‐term hold 
• Next  survey will collect  
several hundred  
responses
 

Examples of uploaded photos 
 



     And Now the  Video… 
And Now the  Video… 
 



         

 

       

     

     

How to Measure  a Product’s Usability?
 How to Measure  a Product  s Usability?
 

11.  Define  tasks Define  tasks 

2. Quantify peoples’  ability  to accomplish  tasks
 

33.  CCompute  ““score”” bbasedd on metriics 

4. Compare  to reference model 



     

   
 
     
       
 

Details of  Usability  Tests
Details of  Usability  Tests
 
•	 5  thermostat  interfaces
5  thermostat  interfaces 

•	 31 participants  

•	 2  interfaces per person
 •	 2  interfaces per person
 

•	 6  tasks for each test 

372 id•	 372 videos 



 Thermostats  Tested
Thermostats  Tested
 



 

             

         

                   

                
             

               
         

             
       

Define  Tasks
Define  Tasks
 

Task 1sk 1:  Turn the thermostat from  “off”  toto “heat.”
Ta :  Turn the thermostat from  off heat.
 

Task 2:  Set  the correct time.
 

Task 3:  Identify the temperature the device is set  to
 Task 3:  Identify the temperature the device is set  to 

reach. 

Task 4sk 4:  Identify what  temperature the thermostat is Ta :  Identify what  temperature the thermostat is
 

set  to reach for Thursday at 9:00  PM.
 

Task 5:  Put the thermostat in “hold”  or “vacation”  to
 

keep the same  temperature while gone.
 

Task 6:  Proggram a  schedule and tempperature
 

preferences for Monday through Friday. 
 



         
     

           
 

Distribution  of Times for Subjects 
 
to Complete  Task 1
 

Task 1: Turn the thermostat from  “off”  

to “heat.”  
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Elapsed  User  Time  for Set Heat Task 
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Completed  Completed  250 

Uncompleted Elapsed time  and 
 

completion  rate
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Average elapsed  time  for subjects  to accomplish
 
Tasks 1, 2, and 3  with  each thermostat 
 



           
 

Converting  Videos  of  Tasks into a
 

Usability Metric
 



 

           
       

             
       
               
     

           
 

     

Quantifying  Usability 
Quantifying  Usability 
 
•	 Many  ways of translating  observations  inMany  ways of translating  observations  in 

videos into metrics  of usability  
••	 We created a procedure for normalizing  data We created a procedure for normalizing  data 

from  different kinds of tasks 
–	 ThThe  proceddure takes i tinto accountt a  subjbject failiilingt k  t f 

to complete a  task  
W	 i d f  diff t t i  d•	 We examined four different  metrics and 

compared results 

–	 How robust are  results?  



 

                 
               
     

Normalizing  Data 
Normalizing  Data 
 
We created a variant of the logistic  function to 

normalize measurements  so  that all  metrics would benormalize measurements  so  that all  metrics would be 

between zero and 1:  



     

             
   

               
       

Taking Into  Account Non‐Completion 
 Taking Into  Account Non  Completion 
 

ThThe  fformula  iis modified  t  d to accountt f for non‐l  difi  

completion of tasks.  

The  “M”  statistic is calculated for each metric i  asThe  M statistic is calculated for each metric i  as  

follows on a per‐trial  basis:  



   

   

 

The Efficiency MetricThe Efficiency Metric 
TimeTime to complete taskto complete task 
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Path Length Metric
Path Length Metric
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Confusion  Metric
Confusion  Metric
 
Sum of the time spent in hesitations, h, that users incurred over the 
course of a task. A hesitation was defined to consist of a pause or 
stop in user interaction for three seconds or longer. 
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Button Mash  Metric
Button Mash  Metric
 
The sum of the number of times the user attempted to 
iintteractt with th ith the ddeviice bbut it h t it hadd no eff ffectt. 
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Expert  Evaluation of  Thermostats 
Expert  Evaluation of  Thermostats 
 

Each thermostat Each thermostat 
underwent an expert 
evaluation to rate the 

1 usabilitbility of th f the ddeviice iin 1 

performing the Set Heat, 0.8  
Current Settinggs and 0.6  

0.4  Future Settings 
tasks. These tasks were 0.2  

scored on a Likert scale of 0 scored on a Likert scale of 0 

1 - 5 where 1 was defined 
as "fairly easy" and 5 was 
"hi hl diffi lt" t "highly difficult" to use. 
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Conclusions 
Conclusions 
 

•	 Field data suggest  that energy‐saving  features
 Field data suggest  that energy  saving  features 

of advanced  thermostats  are not being fully 

exploitedexploited 

•	 It is possible to quantify usability  of 

thermostat  interfaces based on a series ofthermostat  interfaces based on a series of 

representative  tasks 
All i l d  l id i l ki•	 All metrics lead  to almost identical rankings  


