
makeability lab

Matthew Louis Mauriello, Manaswi Saha, Erica Brown, Jon E. Froehlich
Makeability Lab | Human-Computer Interaction Lab (HCIL)

Department of Computer Science
University of Maryland, College Park

CHI2017, May 11th, 2017

Exploring Novice Approaches to Smartphone-based 
Thermographic Energy Auditing: A Field Study



Introduction Study Design Study Findings Discussion Closing

Buildings
(40%)

Industry
(32%)

Transportation 
(28%)

What does energy use look like in the United States. ?

Most (95%) of building in the United States are residential and 
approximately a quarter (25%) of their energy consumption goes 
toward heating or cooling. 
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Common reasons for building inefficiencies include their design, 
materials, and age.

To address these issues, renovations and retrofits of existing 
building stock has become a pressing need.

The US Department of Energy (DOE), for example, has set a goal 
of reducing housing energy use by up to 70%.

Norberg-Bohm, V. and White, C. Building America Program Evaluation. 2004
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The Energy Efficiency 
Information Gap

Only 5% of residential buildings 
have been audited.

Common recommendations for 
most homes include:

• Sealing air leaks
• Adding insulation
• Improving lighting
• Increasing efficiency of appliances

Including thermal imagery in 
reports increases the likelihood 
that recommendations will be 
implemented.

Palmer et al. 2013
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How might novice users of commercial thermal 
cameras assess the built environment?

1
RESEARCH QUESTIONS



Introduction Study Design Study Findings Discussion Closing

How might novice users of commercial thermal 
cameras assess the built environment?
What attributes of the built environment do they 
focus on, learn about, and what do they discover?
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How might novice users of commercial thermal 
cameras assess the built environment?
What attributes of the built environment do they 
focus on, learn about, and what do they discover?
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What challenges do they encounter and what 
benefits do they perceive?

RESEARCH QUESTIONS
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STUDY DESIGN: UNSTRUCTURED PILOT STUDIES

Mauriello et al. 2016
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Unstructured use of thermal cameras 
did not provide clear goals or 
motivation for participants. 

To address this issue, we adapted a
method of providing weekly prompts
from previous technology studies.

Shewbridge et al. 2014

STUDY DESIGN: UNSTRUCTURED PILOT STUDIES
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STUDY DESIGN: RECRUITMENT

We recruited local participants using
listserv, community message boards,
and word-of-mouth.
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STUDY DESIGN: PARTICIPANTS

10 Participants (5 Female)
Avg. Age: 37.7 Years
Avg. Green: 6.7 (7pt Likert)
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STUDY DESIGN: PARTICIPANTS

Doctoral Degree (1)

Bachelor’s Degree (2)

Master’s Degree (6)

High School Degree (1)
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STUDY DESIGN: PARTICIPANTS

Scientist/Engineers (3)

UX Designer (1)

Other Professionals (4)

Graduate Students (2)
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Pre-Study
Questionnaire

Introduction
Meeting
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Pre-Study
Questionnaire

Thermography
“Mission”

Introduction
Meeting
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STUDY DESIGN: MISSIONS

“Investigate your home with your thermal
camera for signs of energy inefficiencies;
collect at least 25 photos that highlight
aspects of your investigation.”
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Pre-Study
Questionnaire

Thermography
“Mission”

Introduction
Meeting

Survey

STUDY DESIGN: FIELD STUDY PROCEDURE



Introduction Study Design Study Findings Discussion Closing

STUDY DESIGN: SURVEY



Introduction Study Design Study Findings Discussion Closing

Pre-Study
Questionnaire

Thermography
“Mission”

Introduction
Meeting

Survey

STUDY DESIGN: FIELD STUDY PROCEDURE



Introduction Study Design Study Findings Discussion Closing

Pre-Study
Questionnaire

Thermography
“Mission”

Introduction
Meeting

Survey

STUDY DESIGN: FIELD STUDY PROCEDURE



Introduction Study Design Study Findings Discussion Closing

Pre-Study
Questionnaire

Thermography
“Mission”

Introduction
Meeting

Survey Semi-Structured
Interview

STUDY DESIGN: FIELD STUDY PROCEDURE



Introduction Study Design Study Findings Discussion Closing

STUDY DESIGN: SEMI-STRUCTURED INTERVIEW

“It was pretty clear to me that the air seals around
this door were not doing a very good job of
preventing cold air from leaking into this room.”
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Pre-Study
Questionnaire

Thermography
“Mission”

Introduction
Meeting
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Pre-Study
Questionnaire

Thermography
“Mission”

Semi-Structured
Interview

Post-Study
Questionnaire

SurveyIntroduction
Meeting

STUDY DESIGN: FIELD STUDY PROCEDURE
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We qualitatively coded the survey, interview, and image data to 
uncover themes.

STUDY DESIGN: DATA ANALYSIS
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STUDY FINDINGS: FIELD ACTIVITIES

Week

Home
Workplace
Commercial
Community
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STUDY FINDINGS: FIELD ACTIVITIES

Week Images

Home 572 (Avg=52)
Workplace 405 (Avg=14)
Commercial 415 (Avg =16)
Community 516 (Avg =13)

Total 1,991 (Avg=46)
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STUDY FINDINGS: FIELD ACTIVITIES

Week Images Time (mins)

Home 572 (Avg=52) 34 (SD=15)
Workplace 405 (Avg=14) 32 (SD=14)
Commercial 415 (Avg =16) 28 (SD=16)
Community 516 (Avg =13) 27 (SD=16)

Total 1,991 (Avg=46) 30
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Home Mission
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STUDY FINDINGS: FIELD ACTIVITIES

Home Mission
During the home mission, participants:

• Collected 572 photos (AVG=57.2, SD=52.27).

• Most (8) reported investigating pre-existing comfort issues.



Introduction Study Design Study Findings Discussion Closing



Introduction Study Design Study Findings Discussion Closing



Introduction Study Design Study Findings Discussion Closing
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STUDY FINDINGS: FIELD ACTIVITIES

Home Mission
During the home mission, participants:

• Collected 572 photos (AVG=57.2, SD=52.27).

• Most (8) reported investigating pre-existing comfort issues.

• A few (3) reported investigating electrical issues due to safety concerns (e.g., fire).
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• Collected 405 photos (AVG=40.5, SD=18.02).
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STUDY FINDINGS: FIELD ACTIVITIES

Workplace Mission
During the workplace missions, participants:

• Collected 405 photos (AVG=40.5, SD=18.02).

• All participants (10) reported looking for leaky windows, doors, and noted interesting heat 
signatures produced by electronic devices. Half (5) reported finding concerning issues.
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“I was stunned to realize that my monitor doesn't 
completely turn off when it goes to sleep. It was 
unused for the weekend but still appeared hot. So I 
turned it off when I went to lunch and when I came 
back it was indeed cooler.” –P4
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STUDY FINDINGS: FIELD ACTIVITIES

Workplace Mission
During the workplace missions, participants:
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STUDY FINDINGS: FIELD ACTIVITIES

Workplace Mission
During the workplace missions, participants:

• Collected 405 photos (AVG=40.5, SD=18.02).

• All participants (10) reported looking for leaky windows, doors, and noted interesting heat 
signatures produced by electronic devices. Half (5) reported finding concerning issues.

• A few (2) explored comfort issues in shared office spaces.
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“Honestly, they should be removed in the 
fall and reinstalled in the spring since it 
is so hard to insulate them and they are 
only needed during the summer.” –P10
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STUDY FINDINGS: INTERVIEWS

Participants thought that the benefits of their application of thermography included:

• All participants (10) considered the thermal camera a valuable investigative tool.

• Most (8) suggested that thermal imagery could provide supporting evidence for decisions 
makers with respect to making retrofit decisions.

Potential Benefits Mission
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“I’ve been meaning to contact my landlord 
with these images and say, look, there 
seems to be a clear issue here that I think 
you should address.” -P7
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Participants frequently discussed challenges associated with their ability to interpret issues they 
discovered:

• All participants (10) described capturing imagery that they could comfortably interpret and 
imagery that they did not understand.

• Most (8) believed that their ability to interpret thermographic images was limited by 
confounding variables (e.g., heating elements, lack of materials knowledge).
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“This is all glass, so it's reflective. It's not clear to me if 
it's really that much warmer on the inside of this 
building than the outside.” -P3
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Participants frequently discussed challenges associated with their ability to interpret issues they 
discovered:

• All participants (10) described capturing imagery that they could comfortably interpret and 
imagery that they did not understand.

• Most (8) believed that their ability to interpret thermographic images was limited by 
confounding variables (e.g., heating elements, lack of materials knowledge).

• Most (6) found it difficult to determine the significance of an issue they discovered.
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Interpretative Issues
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“I don't know how much [the issue] really affects the 
energy use of my apartment.” -P2

Introduction Study Design Study Findings Discussion Closing



Introduction Study Design Study Findings Discussion Closing

Knowledge Discovery

Current Practices

Potential Benefits

Locus of Control

STUDY FINDINGS: INTERVIEWS

Hardware Issues

Software Issues

Interpretative Issues

Design Ideas



Introduction Study Design Study Findings Discussion Closing

Knowledge Discovery

Current Practices

Potential Benefits

Locus of Control

STUDY FINDINGS: INTERVIEWS

Hardware Issues

Software Issues

Interpretative Issues

Design Ideas



Participants frequently discussed challenges associated with their ability to effect change:

Introduction Study Design Study Findings Discussion Closing

STUDY FINDINGS: INTERVIEWS

Locus of Control



Participants frequently discussed challenges associated with their ability to effect change:

• 4 participants (who rented or lived in a housing cooperative) were concerned that if they 
found evidence of a problem they would not be in a position to make retrofit decisions.
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“If I took a picture that showed an 
issue, I don’t necessarily think the 
owner would get on top of fixing 
it.” -P5
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STUDY FINDINGS: INTERVIEWS

Participants frequently discussed challenges associated with their ability to effect change:

• 4 participants (who rented or lived in a housing cooperative) were concerned that if they 
found evidence of a problem they would not be in a position to make retrofit decisions.

• In missions outside of the home (or the workplace), 2 participants expressed that it was not 
clear who they should talk to if they discovered an issues.

Locus of Control
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“If I find an issue, who am I going to tell and are they 
really going to care? My biggest concern is what if 
something is wrong and they don’t want to do 
anything about it.” -P2
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DISCUSSION: LIMITATIONS

Some limitations of this work include:

• As our field study was semi-structured, findings may not translate to unguided use.

• While a trained thermographer reviewed participant data, we did not try to 
systematically verify participant reporting accuracy.

• While participant discussed potentially taking actions based on their audits, we did not 
conduct follow-ups.
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CLOSING: SUMMARY

1 First human-centered study of novice smartphone-based thermal 
camera use.
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CLOSING: SUMMARY

1

2 Through weekly missions, we assessed how novice users approach 
auditing tasks and the challenges they encounter.

First human-centered study of novice smartphone-based thermal 
camera use.
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CLOSING: SUMMARY

3

1

2
Through semi-structured interviews, we explored potential benefits
and barriers to effecting change.

Through weekly missions, we assessed how novice users approach 
auditing tasks and the challenges they encounter.

First human-centered study of novice smartphone-based thermal 
camera use.
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CLOSING: NON-BRANDED ICON, IMAGE, AND VIDEO CREDITS

Android Central
http://www.androidcentral.com/sites/andr
oidcentral.com/files/styles/xlarge_wm_brw
/public/article_images/2015/07/flirone.jpg
?itok=ztZ5OcSt

Digiato
http://digiato.com/wp-
content/uploads/2015/06/flir-one-
thermal-camera-8452.0.jpg

Silkiner Residence
http://www.advancedhomeenergykc.com/
Untitled/images/Silkiner%20Residence%2
0035.jpg

Design – Dan Helix
https://thenounproject.com/term/design/30483

Magnify – Curve
https://thenounproject.com/term/magnify/735893

Discussion – Thomas Miller
https://thenounproject.com/term/discussion/942880

Time – Dmitry Baranovskiy
https://thenounproject.com/term/time/6732

Person – Wilson Joseph
https://thenounproject.com/term/people/48863

Expert Beacon
https://expertbeacon.com/sites/default/fil
es/styles/180x112/public/how_to_build_yo
ur_dream_home_from_the_ground_up.jpg

Inspecting MyPlayHouse – My PlayHouse
https://www.youtube.com/watch?v=1PpyvW_w6K8&t=493s

Hold Your Breath - Earthworks
https://www.youtube.com/watch?v=UwAvP-vrHsw
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CLOSING: MORE INFORMATION

The full paper is available at:
https://doi.org/10.1145/3025453.3025471

For more information about this project, please visit:
http://makeabilitylab.io/projects/thermography/

Presenter contact information:
http://www.cs.umd.edu/~mattm
mattm@cs.umd.edu
@mattm401
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