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Predator  
 20th Century Fox (1987)
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Thirty Seconds to Mars 
 MTV Video Music Awards (2017) 



 Thermal Cameras 
•  Thermal cameras (or infrared cameras) 

detect electromagnetic radiation with 
lower frequencies than visible light (i.e., 
infrared frequencies) 

•  All objects above absolute zero emit 
infrared radiation, so thermal cameras 
can ‘see’ in the dark without external 
illumination. 

•  The amount of radiation emitted by an 
object increases with temperature, so 
thermal cameras can also measure heat. 
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Commercial Cameras 
 FLIR (1960) 



COST OF INFRARED SENSING TECHNOLOGY

Source: Larson et al., CHI2011, http://www.slideshare.net/ericcooperlarson/heatwave-chi2011 
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COST OF INFRARED SENSING TECHNOLOGY

Source: Larson et al., CHI2011, http://www.slideshare.net/ericcooperlarson/heatwave-chi2011 

Recent improvements in handheld sensor 
technology and falling costs have resulted 
in thermal cameras being increasingly used 
by professional and novice end-users. 
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$249.99 
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      RELATED WORK: PREVIOUS STUDIES OF THERMAL CAMERA END-USERS 
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      RELATED WORK: PREVIOUS STUDIES OF THERMAL CAMERA END-USERS 

Professional Building Thermography 
Mauriello et al. CHI2015 
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      RELATED WORK: PREVIOUS STUDIES OF THERMAL CAMERA END-USERS 

Professional Building Thermography 
Mauriello et al. CHI2015 

Novice Building Thermography 
Mauriello et al. CHI2017 
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      RELATED WORK: PREVIOUS STUDIES OF THERMAL CAMERA END-USERS 

Professional Building Thermography 
Mauriello et al. CHI2015 

Novice Building Thermography 
Mauriello et al. CHI2017 

Concerns about undertrained 
practitioners and misconceptions about thermography 

Challenges 
interpreting data and being confident in results 



CHI’17: Reviewer 2 
…Although the authors do highlight the 
"mission" structure as a limitation, this 
very specific structure heavily shapes their 
results... 



CHI’17: Reviewer 2 
…Although the authors do highlight the 
"mission" structure as a limitation, this 
very specific structure heavily shapes their 
results... 

What valuable results might have been 
produced by allowing another group to 
freely experiment with the FLIR camera to 
see how much prompting is required for 
novices to make use of the technology and, 
more specifically, to see what contexts 
users are likely to explore? 
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What activities do novice end-users of mobile and handheld 
thermal cameras engage in and why?


What level of understanding about the technology is 
demonstrated? 


How might these observations inform the design of future 
thermographic technologies? 3 

1 

2 

YOUTUBE STUDY: RESEARCH QUESTIONS 
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      RELATED WORK: DIGITAL ETHNOGRAPHY VIA YOUTUBE 

Specific Technology 
Blythe & Cairns 2009 

Specific Activities 
Paay et al. 2012 

Specific Populations 
Anthony et al. 2013
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      STUDY METHOD: TWO-PART STUDY

Part One: 
Dataset Generation & 

Qualitative Coding 

Part Two: 
Online Survey of  
Content Creators 
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Part One: 
Dataset Generation & 

Qualitative Coding 

Part Two: 
Online Survey of  
Content Creators 

      STUDY METHOD: TWO-PART STUDY
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      STUDY METHOD: DATASET GENERATION
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Problem:  
A search for “Thermal Camera” in July of 2017 resulted in over 1 million videos 
since 2005 compared to the 169 videos that resulted from “Cooking Together” in 
November of 2010.  

      STUDY METHOD: DATASET GENERATION

22	



Phase 1: Explore videos on YouTube and generate initial keyword list. 

      STUDY METHOD: DATASET GENERATION
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Phase 2: Perform searches. Then, apply Kullback-Leibler Divergence (KLD) and 
Word Co-Occurrence query expansion methods to generate new terms. Perform 
more searches. 

      STUDY METHOD: DATASET GENERATION
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Phase 3: Label a subset of data to train machine learning classifiers for filtering, 
then infer document labels on unseen videos. 

      STUDY METHOD: DATASET GENERATION
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Step Terms 
Step 1:  
Initial Keywords 

infrared, lepton, thermal, thermal camera, thermal image, thermal 
imaging, thermography

Step 2:  
Expanded Keywords 

breast thermography, flir lepton, flir one, flir thermal, imaging camera, 
infrared camera, infrared thermography, night vision, seek thermal, 
thermal imager

Step 3:  
Iterated Codebook 

everyday use, product review, news coverage, unboxing, professional 
demo, advertisement, off topic 


Average IRR across codes in Step 3 was 0.69 (SD=0.09) 

      STUDY METHOD: DATASET GENERATION
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Step Terms 
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      STUDY METHOD: DATASET GENERATION
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Topical Classifier: 
Everyday Use

      STUDY METHOD: DATASET GENERATION
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Relevance Classifier: 
Thermography 



Phase 4: Randomly sample from resulting dataset. 

      STUDY METHOD: DATASET GENERATION
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Topic Codes Sub-Topic Codes 
Content Areas 
(N=10) 

Building and Urban Environments, Health and Wellness, 
Paranormal Investigations, Electronics and Software 
Projects, Recreational Outdoor Activities and Agriculture, 
Informal Exploration, Pollution Activism, Vehicles, 
Research, Security and Emergency Services 

Misconceptions 
(N=6) 

See Through Objects, Measure Air Temperature, Measure 
Gases, Faux Filters, Faux Thermal Imagers, Camera Operation 
Issues 

Comments Containing Q/A 
(N=4) 

Content Questions, Technical Specifications, Follow-up 
Request, Other 

	
Average IRR of 0.75 (SD=0.27) 

      STUDY METHOD: DATASET GENERATION

30	



31	

Additional experiments and 
methodological decisions:  

•  How much manual labeling was 

required for accurate results? 

•  How well did query expansion work 

to expand the initial dataset? 

•  What other features might prove 
useful for classification? 

      STUDY METHOD: DATASET GENERATION
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       STUDY FINDINGS: QUALITATIVE CODING 



Categories  Dataset 
(N=675) 

Average 
Duration (SD)

Median  
Views 

Contains 
Misconceptions 

Q&A in 
Comment

Informal Exploration  46.5% 
(314) 

2.28 
(5.11)  507  9.8% 

(31/314)
27.7% 

(87/314)
Outdoor Recreation & 
Agriculture 

16.1% 
(109) 

3.24 
(7.50)  807  0.9% 

(38/109)
34.8% 

(38/109)
Electronic or Software 
Project

11.9%  
(80) 

3.03 
(4.70)  368  1.2% 

(1/80) 
28.7% 
(23/80) 

Buildings and Urban 
Observations 

11.1%  
(75) 

3.06 
(4.11)  351  4.0% 

(3/75) 
24.0% 
(18/75) 

Vehicles  6.5%  
(44) 

1.90 
(2.48)  822  0.0% 

(0/44) 
27.2% 
(12/44) 

Paranormal Investigations  2.8%  
(19) 

4.30 
(4.25)  2327  10.5% 

(2/19) 
63.1% 
(12/19) 

Emergency Applications  2.1%  
(14) 

1.09 
(1.05)  637  7.14% 

(1/14) 
28.5% 
(4/14) 

Health and Wellness  1.8%  
(12) 

5.19 
(7.49)  2116  0.0% 

(0/12) 
0.3%  
(4/12) 

Research 0.9%  
(6) 

1.02 
(0.80)  385  0.0% 

(0/6) 
16.6  
(1/6) 

Pollution Activism 0.3%  
(2) 

0.34 
(0.03)  103  0.0% 

(0/2) 
0.0%  
(0/2) 

       STUDY FINDINGS: QUALITATIVE CODING 
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       STUDY FINDINGS: QUALITATIVE CODING 
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       STUDY FINDINGS: QUALITATIVE CODING 
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       STUDY FINDINGS: QUALITATIVE CODING 
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“Can a Thermal Camera See Through water?” 


“I’m going to dip my hand down into the 
aquarium, right into the water, and let’s see 
what happens. I’m going to calibrate the 
camera first. 

(Dips hand in aquarium.) 


Yeah the surface of the water really reflects 
the heat away. But we can actually see my 
hand is heating the very surface of the water. 
[…] So yeah, the thermal camera doesn’t see 
through water very well, but it is sensitive 
enough that you can actually see my hand 
warming up the water. Pretty cool.” 
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       STUDY FINDINGS: QUALITATIVE CODING 
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“DIY Home Energy Audit with an IR Camera”


“Now, something of great interest…and these are the 
types of things that are really cool to discover when 
you’re doing these types of audits. 


Here in the ceiling, we can see areas that are 
significantly warmer than the areas around them. 
Sometimes this is bleed-through from the heat 
coming from the windows. 


(left corner) 


This, however, indicates that the insulation 
does not cover all the way to the corner of the 
house. So, we’re missing some insulation here.”



       STUDY FINDINGS: QUALITATIVE CODING 
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“Raspberry Pi 3 Heat & TORTURE Test”


“I set up the i7 to compensate for the 
emissivity for the chip itself as well as the 
apparent reflective temperature… this should 
ensure accurate readings…”

(Begins stress test) 


“The temperature spikes up quite quickly and 
when it hits the 80°C mark it starts to throttle 
the speed…”



Only 36 of 675 (5.6%) of videos contained misconceptions about thermography. 
•  31% - Could image/measure gases (e.g., flatulence) 
•  21% - Could directly measure air temperature (vs surface temperature) 
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       STUDY FINDINGS: MISCONCEPTIONS 



Only 36 of 675 (5.6%) of videos contained misconceptions about thermography. 
•  31% - Could image/measure gases (e.g., flatulence) 
•  21% - Could directly measure air temperature (vs surface temperature) 
•  14% - Could “see through” walls or clothing 
•  11% - Impact of thermal reflectivity (e.g., making it difficult to image glass) 
•  5% - How to use specific features 
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       STUDY FINDINGS: MISCONCEPTIONS 
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       STUDY FINDINGS: COMMENT THREADS 

Question Type Number 
Asked 

Number 
Answered 

Who Responded
Original Poster Other Poster Both 

Technical 
Specification 

41.9% 
(153/365)

53.6%  
(82/153)

75.6%  
(62/82) 

12.2% 
(10/82) 

12.2%  
(10/82) 

Content  29.9% 
(109/365)

58.7%  
(64/109)

62.5%   
(40/64) 

12.5%  
(8/64) 

25.0%  
(16/64) 

Other 19.5% 
(71/365)

71.8%  
(51/71) 

55.9%  
(28/51) 

21.6% 
(11/51) 

22.5%  
(12/51) 

Follow-Up 
Request

8.8% 
(32/365)

50.0%  
(16/32) 

62.5%   
(10/16) 

18.7%  
(3/16) 

18.7%  
(3/16) 



Part One: 
Dataset Generation & 

Qualitative Coding 

Part Two: 
Online Survey of  
Content Creators 

      STUDY METHOD: TWO-PART STUDY
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48	



•  Content creators with videos in 
our n=1000 random sample 
were sent requests to 
participate 

•  79 content creators responded 
(7.7% response rate) 

•  48 respondents identified as 
non-professionals (61%) 

      STUDY METHOD: ONLINE SURVEY 
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Camera Ownership

52% 
(N=25) reported owning 
smartphone-based thermal 
camera attachments.

Others reported using: 
•  Standalone Handhelds 

(16%) 
•  Integrated directly with 

smartphones (4%) 
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       STUDY FINDINGS: REASONS FOR ACQUIRING & USING THERMAL CAMERAS 

0%	 20%	 40%	 60%	 80%	 100%	

Agriculture	

Culinary	

Security	

Nighttime	Navigation	

Outdoor	Recreation	

Energy	Auditing	

Other	

Pre-Purchase	 Post-Purchase	
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Attitudes on Utility 

97% 
(N=46) thought their 
thermal camera was a useful 
tool that helped them learn 
and discover. 

Most believed they: 
•  Would continue to use 

their thermal cameras
•  Would continue to post 

content to YouTube
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Reasons for Posting

46% 
(N=22) posted videos to 
YouTube to directly engage 
with the YouTube community 
about thermal cameras. 

Others reported: 
•  For “Fun”
•  Wanting to share with 

friends and family
•  “Because I can”
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Reactions to Posting

50% 
(N=24) reported interacting 
with other YouTube users 
online. 

Interactions were beneficial 
in some way: 
•  Intrinsically valuable 
•  Good for getting 

information or feedback
•  Exploring new uses 





Like previous work, we found that found that user-generated videos offered an 
otherwise inaccessible window into user behavior with an emerging 
technology. 

In particular, novice users expressed positive attitudes toward thermal cameras 
and performed diverse activities ranging from imaging pets and beverages to 
investigating electrical failures and home improvements. 

And, contrary to previous work, we found that users successfully investigated 
technological limitations and largely correctly interpreted their data. 
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      CONCLUSIONS: DISCUSSION



•  Provide contextually relevant information 

•  Encourage exploration  

•  Anticipate and prevent misconceptions  

•  Enable social supports 
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      CONCLUSIONS: DESIGN RECOMMENDATIONS 



•  Video analysis is limited to the YouTube community 

•  Videos in our dataset likely represent the most interested non-professional 
thermal camera users

•  Survey results limited by self-selection bias 
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      CONCLUSIONS: LIMITATIONS 



      CONCLUSIONS: RESEARCH OUTCOMES 

•  Characterizations of the common thermal camera uses and adoption 
patterns of novice end-users  

•  A manual+computational approach to sampling user-generated content 

from OSNs (specifically YouTube) for qualitative analysis  

•  Four design recommendations to help promote technical understanding and 

proper use. 
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