
 

 
 

 

 
 

                             
     

         
         

     
 
   

         

 
               

 
               

 
                                     

               
 

                                 
 

 
                               

                           
                                

                             
                               
                                 

               
 

                                     
                                     

                                    
                                   

                       
 

                                
                     

                          
                                     

                            
 

Workshop for Survey on Usage and Functionality of Smoke Alarms and CO Alarms in Households 
16 February 2017 

Location: Consumer Product Safety Commission 
4330 East West Hwy #400 

Bethesda, MD 20814 

Workshop Agenda 
Last Updated: 14 February 2017 

Workshop Hosts: Arthur Lee, CPSC; Matthew Brookman, CPSC 

Workshop Facilitator: Amanda Kimball, Fire Protection Research Foundation 

Purpose: To gather feedback on a planned in‐home survey of households in the US to assess the use and 
functionality of smoke alarms and carbon monoxide alarms. 

Desired outcome: A list of key areas to inform the smoke alarm and CO alarm survey design. 

Background: 
During a Vision 20/20 workshop on smoke alarms in March 2015, conducting a national census (or 
representative in‐home survey) on the prevalence and characteristics of smoke alarms was identified as 
the top action item among the fifty‐nine stakeholder participants. Previous work on this topic includes a 
national survey conducted by the Consumer Product Safety Commission (CPSC) in the early 1990s, which 
gathered field data through around 1,000 in‐person interviews on the numbers and types of smoke alarms 
installed in homes, the ways in which they fail, factors leading to non‐working alarms, and types of 
households more likely to have non‐working smoke alarms. 

There was agreement that while this data set has proven useful, that there is a need to update this 
information with new data on the use and functionality of smoke alarms in homes across the US. In 
addition, there is very little data related to the use and functionality of carbon monoxide alarms in homes. 
To fill the data gaps, CPSC is moving forward with an in‐home representative survey across the US to 
assess the use and functionality of smoke alarms and carbon monoxide alarms. 

The purpose of this workshop is to gather feedback from stakeholder groups for this planned survey. 
Stakeholder groups include the fire service, enforcers/AHJs, public educators, researchers, equipment 
manufacturers, standards developers, and others. The feedback gathered will help inform the questions 
and methodology of the survey as well as how it is communicated (i.e. what are the really important pieces 
of data that need to be gathered and included in the overall data set). 
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The first part of the day will include a review of previous work, on‐going relevant work, data gaps, human 
behavior changes/societal changes that influence safety behaviors, perception of CO alarms, and changes 
in smoke alarm listing and installation standards. Then, the workshop participants will be broken into 
smaller groups to discuss the key areas and topics that they feel are needed as part of the survey. 

Agenda: 
8:15am Welcome and Purpose 

CPSC Survey Status – Contract Goals, Process, 
Outcome 

Roles – Participants, Hosts, Facilitators 
Outcomes and Agenda 
Ground Rules 

Amanda Kimball, Fire 
Protection Research 
Foundation 

8:30am Summary of the CPSC 1992 Smoke Detector 
Operability Survey 

Steven Hanway, Director, 
Division of Hazard Analysis, 
EPHA, CPSC 

9:00am 

9:30am 

Recent Changes to Codes and Standards: 
Recent Changes to UL 217, Standard for Smoke 
Alarms, and UL 2034, Standard for Single and 
Multiple Station Carbon Monoxide Alarms 

Update on Chapter 29 of NFPA 72, Fire Alarm and 
Signaling Code, and 
NFPA 720, Standard for the Installation of Carbon 
Monoxide(CO) Detection and Warning Equipment 

Dave Mills, UL 

L.J. Dallaire, US Architect of the 
Capital 
Jason Sutula, Jensen Hughes 

10:00am Break 
10:15am What Human Behavior Changes and Societal 

Changes Over the Past 20 Years Influence Safety 
Andrea Vastis, MPH, Deliberate 
Health Solutions 

10:45am Consumer Smoke Alarm Messaging Peter Mitchell, Salter Mitchell 

11:15am Consumer Perception of CO Alarms Scott Damon, CDC 

11:45am Data Gaps on Smoke Alarm and CO Alarm Use in 
Homes 

Marty Ahrens, NFPA 

12:15pm Lunch (on your own) 

1:30pm Draft Protocol for an In‐home Survey of Smoke 
Alarms and CO Alarms 

Phil Schaenman, TriData 

2:00pm Overview of the Break Out Groups and Process 

Overview of Baseline Survey Questions 

Amanda Kimball, Research 
Foundation 

CPSC/Eureka Facts 
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2:20pm First Break Out Group Discussion: Brainstorming 
 Questions provided in Attachment A 

All Participants 

3:05pm Break 
3:15pm Second Break Out Group Discussion: Prioritization 

 Prioritize the information pieces developed 

in the first break out group discussion 

 Identify the top five pieces of information 

that the group feels is needed from the 

survey 

All Participants 

4:15pm Reports from the Break Out Groups Break Out Group 
Leaders/Recorders 

5:00pm Wrap Up and Summary Amanda Kimball, Research 
Foundation 
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Attachment A: Break Out Group Questions 

Group 1 (prevention with focus on smoke alarms): 
 What information would be useful for prevention activities (including education) related to smoke alarms 

(e.g. placement of alarms, testing behaviors/maintenance, knowledge of alarm functionality, 

understanding of hazards, which populations are most at risk, etc.)? 

 What occupant related behaviors or perceptions are important to include in the survey (e.g. do they know 

if they have alarms installed, do they know testing requirements, do they know if their alarms are 

working, why are there no alarms installed or why are they not working, current alarm testing behaviors, 

other alarm maintenance activities, how do users interpret chirping, history of fires, are occupants at risk, 

etc.)? 

 What data is needed to with respect to understanding hazard awareness related to smoke (e.g. 

understanding and adhering to jurisdictional requirements, understanding what hazards are present in 

the home, behavior patterns associated with smoke alarm placement, behavior upon alarm activation, 

perceived necessity for devices, etc.)? 

Group 2 (prevention with focus on CO alarms): 
 What information would be useful for prevention activities (including education) related to CO alarms 

(e.g. placement of alarms, testing behaviors/maintenance, knowledge of alarm functionality, 

understanding of hazards, which populations are most at risk, etc.)? 

 What occupant related behaviors or perceptions are important to include in the survey (e.g. do they know 

if they have alarms installed, do they know testing requirements, do they know if their alarms are 

working, why are there no alarms installed or why are they not working, current alarm testing behaviors, 

other alarm maintenance activities, how do users interpret chirping, history of fires, are occupants at risk, 

etc.)? 

 What data is needed to with respect to understanding hazard awareness related to CO (e.g. 

understanding and adhering to jurisdictional requirements, understanding what hazards are present in 

the home, behavior patterns associated with CO alarm placement, behavior upon alarm activation, 

perceived necessity for devices, etc.)? 

Group 3 (codes and standards): 
 What information would be useful for code/standard activities (e.g. types and placement of alarms, age of 

alarms, power source details, etc.)? 

 What data is needed to with respect to understanding hazard awareness (e.g. understanding and 

adhering to jurisdictional requirements, understanding what hazards are present in the home, behavior 

patterns associated with smoke alarm placement, behavior upon alarm activation, perceived necessity for 

devices, etc.)? 

 What information about the home is important to know (e.g. type of home, age of home, last renovation, 
did the respondent install the alarms or were they already installed, etc.)? 

4 



 

 
 

          

                                

           

                                  

                                 

                                 

                               

 

                              

       

                

                                  

             

                                  

                                 

                                 

                               

 

                              

       

                
 

                                    

           

                              

                       

                         

         

                                    

                       

 
 
 

Group 4 (codes and standards): 
 What information would be useful for code/standard activities (e.g. types and placement of alarms, age of 

alarms, power source details, etc.)? 

 What occupant related behaviors or perceptions are important to include in the survey (e.g. do they know 

if they have alarms installed, do they know testing requirements, do they know if their alarms are 

working, why are there no alarms installed or why are they not working, current alarm testing behaviors, 

other alarm maintenance activities, how do users interpret chirping, history of fires, are occupants at risk, 

etc.)? 

 How to replace non‐working alarms (have fire department install, hand out alarms, liability issues, what 

are current practices, etc.)? 

Group 5 (technology with focus on smoke alarms): 
 What information would be useful for design of smoke alarm technology (e.g. type of alarms installed, age 

of alarms, experience with nuisance alarms, etc.)? 

 What occupant related behaviors or perceptions are important to include in the survey (e.g. do they know 

if they have alarms installed, do they know testing requirements, do they know if their alarms are 

working, why are there no alarms installed or why are they not working, current alarm testing behaviors, 
other alarm maintenance activities, how do users interpret chirping, history of fires, are occupants at risk, 

etc.)? 

 How to replace non‐working alarms (have fire department install, hand out alarms, liability issues, what 

are current practices, etc.)? 

Group 6 (technology with focus on CO alarms): 

 What information would be useful for design of CO alarm technology (e.g. type of alarms installed, age of 

alarms, experience with nuisance alarms, etc.)? 

 What data is needed to with respect to understanding hazard awareness related to CO (e.g. 
understanding and adhering to jurisdictional requirements, understanding what hazards are present in 

the home, behavior patterns associated with CO alarm placement, behavior upon alarm activation, 

perceived necessity for devices, etc.)? 

 What information about the home is important to know (e.g. type of home, age of home, last renovation, 

did the respondent install the alarms or were they already installed, etc.)? 
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MISSING (FILE WILL BE UPDATED WHEN PRESENTATION IS AVALIABLE) 

Recent Changes to UL 217, Standard for Smoke 
Alarms, and UL 2034, Standard for Single and 

Multiple Station Carbon Monoxide Alarms 

Dave Mills, UL 





 

 

Learning Objectives 

• Describe NFPA 72. 

• Outline basic spacing requirements for household smoke 
alarms. 

• Provide a brief history of code changes related to detection. 

• Explain the life cycle of code adoption. 

• Make you an EXPERT in fire alarm design! 





 
 

  

 
 

 Why is NFPA 72 Important? 

• NFPA 72 is adopted by reference in the International 
Building Code and International Residential Code. 

• IBC and IRC are then modified and adopted into state and 
local law, as well as federal standards. 

• NFPA 72 is the basic underlying document that sets 
minimum standards for installation of smoke alarms (and 
CO alarms!) in residences. 









 

 
 

 
  

 

 NFPA 72 and Nuisances? 

• Section 29.8.3.4 addresses specific locations to reduce 
nuisances. 

• Alarms are not permitted within 36 inches of bathroom doors 
containing a shower or tub (steam!). 

• Not required in unfinished attics or garages with temperatures 
above 100F or below 40F. 

• Not permitted in spaces with incompatible ambient conditions. 



 

 
   

 

 

Cooking Nuisances 

• In addition, cooking nuisances were updated and 
specifically addressed in 2013. 

• Alarms must be at least 10-ft away from cooking appliance, unless 
listed for use near the appliance. 

• Alarms between 10-ft and 20-ft from a cooking appliance must 
have alarm silence or use photoelectric detection. 

• An exception was allowed for small spaces where compliance with 
standard spacing would preclude installation of an alarm. 

• Alarms using photoelectric detection are permitted between 6 and 
10 feet in small spaces. 

• Starting 2016 2019 2020, smoke alarms within 20-ft of 
cooking appliances must be listed for cooking nuisance 
sources. 



 

Nuisance Distances 

2013 Kitchen Detector Spacing 





 

 

 

 

  

Application to New Construction 

• 2012 Virginia Construction Code 
• Effective July 2014 

• 2012 International Building Code 

• 2010 National Fire Alarm Code 

• A dwelling built TODAY in Virginia 

is constructed to 2010 NFPA 72. 
• No Kitchen Spacing Requirements 

• Houses built in as in late 1990’s 

very likely had no requirement for 

bedroom smoke alarms. 

WWW.AOC.GOV 12 
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Understanding Consumer Perception 
of Risk: BlendingTheory & History 

Andrea G Vastis, MPH, CHES, Deliberate Health Solutions 

February 16, 2017 

NFPA/CPSC 



   
   

    

AKA: Why 
won’t they just 
do what I tell 
them!?? 



  

 

 

In this session 

 What kinds of things influence our health-related 
behaviors? 

 How has our collective perception of risk changed over 
time? 

 How does our perception of risk impact our choices? 









   
  

  

                                              

How “safe” we 
feel depends 
upon our 
perceptions 

Our physical environment 

Our social environment 

Our “Trust” in the “System” 

Our Locus of Control 

Messages we receive 
(and the messenger!) 
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Our sense of 
the world 
around us… 

 1950’s…Post WWII…Prosperity…Overcome obstacles 

 1960’s… Cold War… Nuclear Threat…Air Raid Drills 

 1970’s…Economic and Gas Crisis…Make love not war 

 1980’s…High interest rates and inflation…Make Money 

 1990’s…”Global Village”…Internet….Alternative Media Outlets 

 2000’s…Violence….Terrorism…Lock Down Drills 

 Causes of morbidity and mortality changed from communicable 
disease to chronic disease 

 Amazing medical/technological advances 

 Immediate reporting of events as they unfold 

 Shift in focus on intentional vs. unintentional injury 

 Push/Pull of regulations to support public safety – common good vs. 
individual freedoms (helmet & seatbelt laws, etc) 



   
  

 
  

 
   

   

 
 

Why do we 
need to 
understand 
our audience’s 
perceptions 
when we have 
facts on our 
side? 

 Information Action 

Who here knows that texting and driving 
increases your risk of a crash? 



   
   

   
    

   
  

 
 

 

The average text 
takes 4.6 seconds; 
on the highway, 
how far have your 
driven "blind" in 
those 5 seconds? 

11 



  
   

  

 
 

4.6 seconds 
with your eyes 
off the road: 

 Answer:  300 feet 
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Our perception 
of risk: 

We engage in a 
Cost-Benefit 
negotiation 

We overestimate We underestimate 

 Our reflexes  Time eyes off road 

 Our driving ability  Risk of crash 

Andrea G. Vastis, MPH 13 



  

 
 

 

Health Belief 
Model 

 Developed in the 1950’s as a way to identify why people didn’t 
take advantage of health services 

 Mammograms 

 Yearly Physical Exams 

 Cholesterol Testing 

 Immunizations 

 ….”simple” behavior changes 

 Wearing Seatbelts 

 Installing smoke alarms 



 

  

 

 

 

Perceptions 
(beliefs) 

 Perceived Susceptibility 
 Will it happen to me? 

 Perceived Severity 
 Is it really that bad? 

 Perceived Barriers 
 What’s getting in my way? 

 Perceived Benefits 
 What’s “in it” for me? 



 Perceived 
Susceptibility 
(motivator) 

What are my chances of a fire/CO 
poisoning anyway? 



 
 

 

  

 
 

 

PERCEIVED 
SEVERITY 
(Motivator) 

 Even if there is a fire, I could put it out 

 I would have time to get out 

 I would notice if CO was happening 

17 



 

 

 

 
 

PERCEIVED 
BARRIERS 
(Enablers) 

 Which smoke alarm? 

 How much should I spend? 

 How do I even know it’s working? 

 Okay it’s in…now what? 

A
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PERCEIVED 
BENEFIT 
(Reward) 

Will it really work anyway? 

Hard to accept a benefit that hasn’t 
happened 

Each day the person does not have an event 
it can lessen their perceived “need” to think 
about fire/CO 
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Know your 
audience… 

 What are their perceptions of risk? 

 What is their shared history? 

 What is their frame of reference for health and safety? 

 ”SEEK FIRST TO UNDERSTAND, THEN TO BE 
UNDERSTOOD” 

 -STEPHEN R. COVEY 















































  

 

 

Presenter Disclosures 

Scott A. Damon 

The following personal financial relationships with 

commercial interests relevant to this presentation existed 
during the past 12 months: 

No relationships to disclose 











 
 

  
 

  

  
  

Estimated cost of CO poisoning 

 For UNFR CO poisoning, total annual medical cost ranged 
from $33.6 to $38.1 million. 

 Hospitalizations, outpatient hospital visits, and emergency 
department (ED) visits accounted for approximately two 
thirds of the medical cost. 

 The benefit-to-cost ratio of installing CO detectors in 
residences can be as high as 7.9 to 1. 



 

 

 

Historically . . . 

 2005: Hurricanes Katrina & Rita 

 We interviewed 18 households with CO poisonings 

 6 had detectors 

 1 detector worked 



  
      

 

  
    

  
   

   

      

Findings from 2006 HealthStyles survey 

 HealthStyles is a mailed panel survey administered by Porter Novelli to 
measure health knowledge, attitudes, and behaviors of adults in the 
U.S. 

 A stratified random sample, based on region, household income, 
population density, age, and household size, was combined with a 
low-income/minority supplement to create a nationally representative 
sample. 

 A total of 6,600 HealthStyles surveys were mailed in 2006, with 5,251 
households (79.6%) returning complete questionnaires 

Styles survey data: King ME, Damon SA.“Attitudes about Carbon Monoxide Safety in the United States: 

Results from the 2005 and 2006 HealthStyles Survey.”Public Health Reports, 2011; 126 (S1): 100-107 







 
 

    

 

 

HealthStyles Most Salient Findings 

 Majority of homeowners recognized that a CO detector 
was needed even with a new furnace 

 A large proportion of adults in the U.S. believe that it is 
safe to operate a gas-powered generator in an enclosed 
space, such as a garage 

 Most of the respondents surveyed—the majority of whom 
were homeowners—did not own a CO detector. 
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CO Knowledge--residential 

 2009 Focus groups of homeowners and risk behavior related to residential 

poisoning 

 Participants have heard of CO and know it is an odorless, colorless gas. 

 Many know symptoms of CO poisoning: headache, drowsiness and 

dizziness. 

 Most participants could name CO sources: furnaces, grills, cars and gas 

appliances. 

 Many participants confused CO and natural gas, using the terms 

interchangeably. 

 If CO were present, most participants knew to leave the house and call the 

fire department. Some would take less appropriate actions (e.g., turning off 

natural gas, opening windows, checking CO detector for malfunction). 

Qualitative Studies: 
Damon SA, Poehlman JA, Rupert DJ, Williams PN. “Storm Related Carbon Monoxide Poisoning: An Investigation of Target Audience 

Knowledge and Risk Behaviors. Social Marketing Quarterly. 2013: 19:188 199. 

Rupert DJ, Poehlman JA, Damon SA, Williams PN (2013). “Risk and protective behaviours for residential carbon monoxide poisoning.” 
Injury Prevention; 19(2): 119 123. 



  

  
 

 

  
  

  

Detector knowledge--residential 

 Most participants have aCO detector, but many do not have adequate 
alarm coverage. 

 Participants were unsure how many CO detectors to install or where to 
place them. Many place detectors near furnaces or in 
basements/utility rooms. 

 Few participants placed detectors in or near bedrooms. None 
acknowledged a connection between detector location and the ability 
to hear it. 

 Participants poorly maintain CO detectors. Many do not change 
batteries regularly. 



 

  
   

    
  

 

   
     

  

   
 

  

  

Storm related (generators) knowledge 

Both summer & winter storms 

 Most participants were familiar with CO and had heard about CO poisoning. 
Specifically, participants were familiar with its characteristics (e.g., colorless, 
tasteless, odorless), knew it often affects sleeping individuals, and recalled that 
victims were unlikely to know they were being poisoned. 

 None of the participants acknowledged that their generator placement might 
have exposed them to some level of CO in the past. 

 Participants also recalled most symptoms of CO poisoning (e.g., headache, 
drowsiness, dizziness) and knew that it could be fatal. 

 Ventilation, fumes, and CO poisoning were the second most common 
concerns among participants (after electrocution) 

 Almost all participants talked about the need to properly ventilate generators. 
Few could actually define that 

 Most participants said they were not highly concerned about CO poisoning. 

 Precautions rarely included a CO detector 



    

   
     

  
 

    

    
  

   
      

     
  

Storm related (generators)—detector knowledge 

 Almost all participants were aware of CO detectors and their purpose, although only half 
of participants had CO detectors installed in their homes. 

 All participants said they understood the difference between CO detectors and smoke 
alarms, and most understood that CO detectors should be installed in different 
locations. However, participants were generally unclear on where CO detectors should 
be installed. 

 Most participants believed that CO detectors would be easy to install, and several 
participants had installed the detectors themselves. 

 Most participants recognized that they should change their smoke alarm and CO 
detector batteries twice a year. Several cited the recommendation to change batteries 
when changing the clocks for daylight saving time. Nevertheless, many participants do 
not follow this recommendation. Residents most commonly stated that they change the 
batteries when the alarms are low onpower and chirp. 

 Most participants viewed CO detectors as the best way—and, in some cases, the only 
way—to protect themselves and their family from CO poisoning. 



 

  

   
 

 
 

 
 

   
 

Qualitative Research Summary Findings: 
Lack of Awareness of CO Sources and Detectors 

• Many do not consider themselves at risk. 

• Homeowners service their furnaces sporadically; few 
have annual inspection/ maintenance contracts. 

• Many portable generator owners place their 
generators in enclosed spaces. 

• Most are unsure where to place CO detectors or how 
many they should install. 

• Most change batteries “when a detector chirps” rather 
than every 6 months. 



Laws and Regulations 

 Patchwork nationwide 
 Apartment buildings 

 New construction and remodeling 

 Home sales 

 Some hotel 

 Enforcement 



Possible survey topics 

 Battery maintenance 
 Detector replacement 

 Detector placement 

 Awareness of laws 

 Basic CO knowledge 







       

 

 

  

    

Sources of information 

• Most of material is from NFPA’s 2015 report, Smoke Alarms in US Home Fires 

– NFIRS details combined with NFPA’s fire experience survey for national estimates 

– Unless otherwise specified, info is based on reported US fires and from this report 

– Also references other sources, such as CPSC, American Housing Survey, etc. 

• We know much less about CO alarms 
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We want to know 

• Level of protection 

– How many, where, what type 

• Are they working?  If not, why not? 

• Unwanted alarms 

• Consumer perceptions and understanding 
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American Housing Survey data for 2011 

• Asked about presence of working smoke detectors and CO detectors 

– 95% of households reported working smoke detectors, including 

• 91% of households below poverty line 

• 93% of households with householder at least 65 years old 

– 76% of households with smoke detectors powered by batteries or electricity and batteries 

said they replaced batteries in last six months 

• Also asked about working CO detectors 

– 43% of households reported working CO detectors 

• 49% were powered by battery 

• 19% by electricity alone 

• 32% by both electricity and batteries 
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How many households have smoke alarms or working 

smoke alarms? 

• Phone surveys suggest 95%-97% with smoke alarms present 

– Self-reporting may overstate presence or number working 

• In CPSC’s 1992 National Smoke Detector Project, 20% of homes with smoke 

alarms had none that worked 

– 46% of the respondents in households in which no smoke alarms functioned thought that 

all of them were working 

nfpa.org | © National Fire Protection Association. All rights reserved. 
5 

https://nfpa.org


       

 

 

   

 

  

What codes are in place? 

• According to American Housing Survey 2011, 30% of homes that were less 

than five years old had smoke detectors powered by batteries only 

– Model codes have called for hard-wired smoke alarms for a long time 

– What do codes require in jurisdiction? 

• Are codes enforced?  How? 
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What portion of fires are first discovered by smoke alarms? 

• In UK, smoke alarms were present, operated and raised alarm in 39% of 

reported home fires 

– Smoke alarms operated but did not raise alarm in 11% 

– Breakdown: 

• Person raised alarm before activation in 59% 

• No one in earshot in 18% 

• Occupants did not respond in 14% 

– Source: Fire Statistics, Great Britain, April 2013 to March 2014 

• In roughly half of unreported fires, not enough smoke was present to trigger 

smoke alarm in CPSC’s 2004-2005 National Sample Survey of Unreported 

Residential Fires 
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What types of smoke alarms are present? 

• Most consumers don’t know the difference between photoelectric and ionization 

• National Fire Incident Reporting System (NFIRS) asks about smoke, heat, 

combination smoke and heat, sprinkler water flow detection, multiple types and 

other 

– Does not 

• distinguish between smoke alarm and smoke detector 

• ask about combination smoke alarm and CO alarm or combination ionization and 

photoelectric 

• Ask about interconnectivity 

– 2010 Harris poll found about one-quarter of homes had interconnected alarms 

– Also collects very limited information on confined structure fire incident types 

nfpa.org | © National Fire Protection Association. All rights reserved. 
9 

https://nfpa.org




       

 

  

   

 

    

  

 

  

 

How do smoke alarms age? 

• In 1997, NFPA issued a fact sheet on 10-year replacement of home smoke 

alarms 

– Expected failure rate estimated at four per million hours of operation or one every 30 years 

– Early field studies of detector reliability, notably by Canada's Ontario Housing Corporation, 

found a 2-3% failure rate per year 

• All smoke detectors in Ontario Housing Corporation’s units in 1978-1982 were 

“annually inventoried, cleaned and functionally tested with smoke.” 

• Since 1977, every dwelling unit had at least one wired-in smoke detector 

– So, in ten years there is roughly a 30% probability of failure before replacement in 10 years 

• CPSC’s earlier survey (1994) found home smoke alarms tended to fail totally, 

not incrementally with a loss of sensitivity 

• These tests need to be updated 
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Smoke alarm failures 

• More engineering analyses are needed 

• From a 2011 Amazon review: 

– “…I heated up the oven, put some food in and went outside for about 10 minutes. I came 

back in the house and it was FULL of smoke. 

– I heard beeping from a fire alarm. I turned off the oven, opened the windows, then tried to 

figure out which alarm was beeping. None of the alarms on the walls/ceilings were 

beeping… 

– Turns out it was an old one I had in a cabinet that I had taken down to install one of these. 

– Then I tested all of these that I have installed. They all worked when I pushed the 'test' 

button. These should have gone off. The house was FULL of smoke” 

• How much smoke is needed to activate alarms? 
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How often and why do smoke alarms activate?  

• 2010 Harris poll for NFPA 

– 43% said smoke alarms had gone off in past 

year 

• What do you think caused the smoke 

alarm to go off? 

– Only one response was allowed 

– Note that no one said “fire” 
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Reasons for activation 
in past 

Cooking 

Low battery chirp 

Unclassified 

Woodstove or fireplace 

Lost power or power surge 

Steam 

No apparent cause 

Malfunction or defective 

Don't know 

 year 

73% 

8% 

5% 

4% 

3% 

2% 

2% 

1% 

2% 
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Issues with monitored systems 

• 1989 NIST study False Alarm Study of Smoke Detectors in Department of 

Veteran Affairs Medical Centers found 

– 15.8 activations for every real alarm 

– One unwanted activation for every six devices 

– Similar current studies are needed 

• What policies and SOPs are in place for fire department responses to 

unwanted alarms? 

– Fines? 

– Level of fire department response? 

– Investigation? 

– Level of ITM and plans 
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Issues with interconnected alarms 

• Does consumer know how to tell which alarm is sounding? 

• Does consumer know how to shut off? 

• Why do some seem to go off randomly, particularly at night? 

– From two different brands: 

– “I replaced all the smoke detectors in my house with these in May 2012 (a total of 11). I replace the 9 volt batteries 
every year. Starting in early 2016 … one by one the smoke alarms went bad... randomly going off (a full on alarm, 

three loud beeps, then a pause of 4 to 5 minutes then more loud alarm beeps... I have been taking them down as 

they go bad and now have less than 50% of them properly installed... “ Amazon January 8, 2017 review 

– “JUNK! Just bought January 31 2016 and can no longer return …because it's past the return time. I replaced my 10 

year old (working fine) smoke detectors for this same brand and they are already defective setting off the whole 

house at 11PM for NO REASON! “ Amazon March 11, 2016 review 

• Damage to consumer trust? 
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Battery issues 

• How often are lithium-ion batteries failing early? 

– Amazon reviews have expressed frustration 

• How often are lithium-ion batteries replaced by conventional batteries? 

• Why do some interconnected smoke alarms chirp even with new batteries? 

• How often does chirping begin in the middle of the night? 

– How often does night-time chirping cause immediate disabling? 

• Chirping as a nuisance to neighbors 

nfpa.org | © National Fire Protection Association. All rights reserved. 
19 

https://nfpa.org


       

  

  

   

   

     

In NFIRS, what’s a fire?  What’s an unwanted alarm? 

• Incident type instructions do not include a clear definition of fire 

– Situation found vs out on arrival 

• In each city, about one-third of incidents with “investigate fire out on arrival” as 

an action taken were not classified as a fire in the incident type field 

– Numerous incidents coded in the 650 (smoke scares) and 740s (unintentional activations 

of fire protection equipment) series where fire extinguishers were deployed before fire 

department arrival 

Source: NFPA’s NFIRS Incident Types:  Why aren’t they telling a clearer story? 
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What’s a CO incident? 

• NFIRS 5.0 Complete Reference Guide incident type 424 

– “Carbon monoxide incident. Excludes incidents with nothing found (736 or 746)” 

• NFIRS data dictionary (used for pull-down menus, text searches) 

– “Carbon monoxide incident” 

– Narratives for 424 show many CO alarm activations with nothing found 

– Fire department had tested for CO 
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Summary 

• There’s a lot we don’t know 

• Technology has changed more than data collection 

• With surveys, it matters how we ask question 

– Self-reports may not be reliable 

– Consumers may not know relevant specifics 

• Going into homes is crucial 

• New engineering analyses are needed 

• Project is so needed 
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Agenda 

Survey Overview 

Survey Topics review: 

 Introduction 

 House Characteristics 

 Status of Smoke and CO detectors 

 History of fire alarms 

 CO Awareness/ History 

 Smoke/ CO functionality test 

 Alarms and Detectors 

 Housing Demographics 
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Survey Overview 

 National cross-sectional survey. 

 Representative sample of US households. 

 Targeted sample size: 1,200 (present funding for 450 

homes). 

 Mode: in-home interviewer assisted survey (face-to-

face interviews). 

 Survey focus 

 Status, usage, functionality, awareness of smoke and CO 

alarms; 

 Collect direct data from smoke and CO alarms functionality 

test. 
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Survey Topics 

1. Introduction: 

 Preamble and explanation of the study and the 

survey purpose; 

 Respondent’s consent to participate. 

2. House characteristics: 

 Location; 

 Housing type and characteristics (single housing, 

apartment/condo, mobile, etc.). 
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Survey Topics 

3. Status of Smoke and CO alarms in the 

residence: 

 Availability of Smoke and/or CO alarms 

 History of testing smoke alarms 

 Knowledge of functionality of alarms at home 

 Reasons for non-functioning alarms 

4. Fire and alarms history: 

 Accidental fires 

 Indication of a warning 

 False alarms 
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Survey Topics 

5. CO History/ Awareness: 

 Knowledge of carbon monoxide and CO alarms 

 History of testing CO alarms 

 Reasons for not testing 

 Reaction to CO alarms 
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Survey Topics 

6. Smoke/CO alarms functionality test 

7. Collected information on alarms: 

 Type of alarm (sensor type, such as ion, photo, 

combination; 

 Power source (AC only, AC with battery, battery 

only, seal and replaceable batteries); 

 Manufacture date; 

 Interconnected or single station; 

 Location within home: 

 Whether the alarm or battery was replaced during 

the visit. 
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Survey Topics 

8. Alarms and Detectors: 

 Homeowner knowledge of location; 

 If no CO alarm: 

 Reason(s) for not having CO alarm; 

• Number of alarms purchased after contact. 

9. Household Demographics: 

 Age; 

 Disabilities; 

 Smokers; 

 Race and Ethnicity; 

 Education; 

 Income level. 
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Workshop for Survey on Usage and Functionality of Smoke Alarms and CO Alarms in Households 

16 February 2017 

Location: Consumer Product Safety Commission 
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	MISSING (FILE WILL BE UPDATED WHEN PRESENTATION IS AVALIABLE) 
	Recent Changes to UL 217, Standard for Smoke Alarms, and UL 2034, Standard for Single and Multiple Station Carbon Monoxide Alarms 
	Dave Mills, UL 
	Figure
	Learning Objectives 
	• 
	• 
	• 
	Describe NFPA 72. 

	• 
	• 
	Outline basic spacing requirements for household smoke alarms. 

	• 
	• 
	Provide a brief history of code changes related to detection. 

	• 
	• 
	Explain the life cycle of code adoption. 

	• 
	• 
	• 
	Make you an EXPERT in fire alarm design! 

	• 
	• 
	• 
	NFPA 72 is adopted by reference in the International Building Code and International Residential Code. 

	• 
	• 
	IBC and IRC are then modified and adopted into state and local law, as well as federal standards. 

	• 
	• 
	NFPA 72 is the basic underlying document that sets minimum standards for installation of smoke alarms (and CO alarms!) in residences. 

	• 
	• 
	• 
	Section 29.8.3.4 addresses specific locations to reduce nuisances. 

	• 
	• 
	• 
	Alarms are not permitted within 36 inches of bathroom doors containing a shower or tub (steam!). 

	• 
	• 
	Not required in unfinished attics or garages with temperatures above 100F or below 40F. 

	• 
	• 
	Not permitted in spaces with incompatible ambient conditions. 



	• 
	• 
	• 
	In addition, cooking nuisances were updated and specifically addressed in 2013. 

	• 
	• 
	• 
	Alarms must be at least 10-ft away from cooking appliance, unless listed for use near the appliance. 

	• 
	• 
	Alarms between 10-ft and 20-ft from a cooking appliance must have alarm silence or use photoelectric detection. 

	• 
	• 
	An exception was allowed for small spaces where compliance with standard spacing would preclude installation of an alarm. 

	• 
	• 
	Alarms using photoelectric detection are permitted between 6 and 10 feet in small spaces. 



	• 
	• 
	Starting 2020, smoke alarms within 20-ft of cooking appliances must be listed for cooking nuisance sources. 
	2016 2019 





	Figure
	Why is NFPA 72 Important? 
	Figure
	Figure
	Figure
	NFPA 72 and Nuisances? 
	Cooking Nuisances 
	Nuisance Distances 
	2013 Kitchen Detector Spacing 
	Figure
	Application to New Construction 
	• 
	• 
	• 
	• 
	2012 Virginia Construction Code 

	• 
	• 
	• 
	Effective July 2014 

	• 
	• 
	2012 International Building Code 

	• 
	• 
	2010 National Fire Alarm Code 



	• 
	• 
	• 
	A dwelling built TODAY in Virginia is constructed to 2010 NFPA 72. 

	• No Kitchen Spacing Requirements 

	• 
	• 
	Houses built in as in late 1990’s very likely had no requirement for bedroom smoke alarms. 
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	WWW.AOC.GOV 
	WWW.AOC.GOV 
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	Understanding Consumer Perception ofRisk: BlendingTheory&History 
	Understanding Consumer Perception ofRisk: BlendingTheory&History 
	Andrea G Vastis, MPH, CHES, Deliberate Health Solutions February 16, 2017 NFPA/CPSC 
	AKA: Why won’t they just do what I tell them!?? 
	In this session 
	
	
	
	

	What kinds of things influence our health-related behaviors? 

	
	
	

	How has our collective perception of risk changed over time? 

	
	
	

	How does our perception of risk impact our choices? 

	
	
	

	Our physical environment 

	
	
	

	Our social environment 


	Figure
	Figure
	Figure
	How “safe” we feel depends upon our perceptions 
	
	
	
	

	Our “Trust” in the “System” 

	
	
	

	Our Locus of Control 

	
	
	

	Messages we receive (and the messenger!) 


	Figure
	Figure
	Andrea G. Vastis, MPH 
	Our sense of the world around us… 
	
	
	
	

	1950’s…Post WWII…Prosperity…Overcome obstacles 

	
	
	

	1960’s… Cold War… Nuclear Threat…Air Raid Drills 

	
	
	

	1970’s…Economic and Gas Crisis…Make love not war 

	
	
	

	1980’s…High interest rates and inflation…Make Money 

	
	
	

	1990’s…”Global Village”…Internet….Alternative Media Outlets 

	
	
	

	2000’s…Violence….Terrorism…Lock Down Drills 

	
	
	

	Causes of morbidity and mortality changed from communicable disease to chronic disease 

	
	
	

	Amazing medical/technological advances 

	
	
	

	Immediate reporting of events as they unfold 

	
	
	

	Shift in focus on intentional vs. unintentional injury 

	
	
	

	Push/Pull of regulations to support public safety – common good vs. individual freedoms (helmet & seatbelt laws, etc) 


	Why do we need to understand our audience’s perceptions when we have facts on our side? 
	Information Action 
	
	Figure

	Who here knows that texting and driving increases your risk of a crash? 
	

	The average text takes 4.6 seconds; on the highway, how far have your driven "blind" in those 5 seconds? 
	11 
	Figure
	4.6 seconds with your eyes off the road: 
	Answer:  300 feet 
	

	Andrea G. Vastis, MPH 
	Our perception of risk: We engage in a Cost-Benefit negotiation 
	We overestimate We underestimate 
	We overestimate We underestimate 
	Our reflexes 
	

	Time eyes off road 
	

	Our driving ability 
	

	Risk of crash 
	

	Figure
	Andrea G. Vastis, MPH 
	Andrea G. Vastis, MPH 


	Health Belief Model 
	Developed in the 1950’s as a way to identify why people didn’t 
	

	take advantage of health services 
	
	
	
	

	Mammograms 

	
	
	

	Yearly Physical Exams 

	
	
	

	Cholesterol Testing 

	
	
	

	Immunizations 

	
	
	

	….”simple” behavior changes 

	
	
	

	Wearing Seatbelts 

	
	
	

	Installing smoke alarms 


	Figure
	Perceptions (beliefs) 
	
	
	
	
	

	Perceived Susceptibility 

	Will it happen to me? 
	


	
	
	
	

	Perceived Severity 

	Is it really that bad? 
	


	
	
	
	

	Perceived Barriers 

	What’s getting in my way? 
	


	
	
	

	Perceived Benefits 


	What’s “in it” for me? 
	

	Figure
	Perceived Susceptibility (motivator) 
	Figure
	What 
	What 
	What 
	are my chances of a fire/CO poisoning anyway? 

	
	
	

	Even if there is a fire, I could put it out 

	
	
	

	I would have time to get out 

	
	
	

	I would notice if CO was happening 


	PERCEIVED SEVERITY (Motivator) 
	Figure
	17 
	PERCEIVED BARRIERS (Enablers) 
	
	
	
	

	Which smoke alarm? 

	
	
	

	How much should I spend? 

	
	
	

	How do I even know it’s working? 

	
	
	

	Okay it’s in…now what? 


	Andrea G. Vastis, MPH 
	PERCEIVED BENEFIT (Reward) 
	Will it really work anyway? 
	

	Hard to accept a benefit that hasn’t 
	

	happened 
	Each day the person does not have an event 
	

	it can lessen their perceived “need” to think 
	about fire/CO 
	Figure
	Andrea G. Vastis, MPH 
	Know your audience… 
	
	
	
	

	What are their perceptions of risk? 

	
	
	

	What is their shared history? 

	
	
	

	What is their frame of reference for health and safety? 


	Figure
	”SEEK FIRST TO UNDERSTAND, THEN TO BE UNDERSTOOD” 
	

	-STEPHEN R. COVEY 
	

	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Presenter Disclosures 

	Scott A.Damon 
	Scott A.Damon 
	The following personal financial relationships with commercial interests relevant to this presentation existed during the past 12 months: 
	No relationships to disclose 
	Figure
	Figure
	Figure
	Figure
	Estimated cost of CO poisoning 
	
	
	
	

	For UNFR CO poisoning,total annual medical cost ranged from $33.6 to $38.1 million. 

	
	
	

	Hospitalizations,outpatient hospital visits,and emergency department (ED) visits accountedfor approximately two thirds ofthe medical cost. 

	
	
	

	Thebenefit-to-cost ratio ofinstalling CO detectors in residences canbe as high as 7.9 to 1. 


	Historically... 
	
	
	
	

	2005:Hurricanes Katrina & Rita 

	
	
	

	We interviewed 18 households with CO poisonings 6 haddetectors 
	


	
	
	

	1 detector worked 


	Findings from 2006HealthStylessurvey 
	
	
	
	

	HealthStylesisamailed panel surveyadministered by PorterNovellito measurehealth knowledge,attitudes,andbehaviorsof adults in the U.S. 

	
	
	

	Astratified random sample,based on region, household income, population density,age,and household size,was combinedwith a low-income/minority supplement to create a nationally representative sample. 

	
	
	

	Atotal of 6,600HealthStylessurveyswere mailed in 2006,with 5,251 households(79.6%) returningcompletequestionnaires 


	Styles survey data:King ME,Damon SA.“Attitudes about Carbon Monoxide Safety in the United States: Results fromthe 2005 and2006 HealthStylesSurvey.”Public Health Reports,2011;126(S1):100-107 
	Figure
	Figure
	HealthStylesMost Salient Findings 
	
	
	
	

	Majority ofhomeowners recognized that a CO detector was neededeven with anew furnace 

	
	
	

	A largeproportion of adults in the U.S.believe that itis safe to operate a gas-powered generator in an enclosed space, such as agarage 

	
	
	

	Most of the respondents surveyed—themajority of whom were homeowners—didnot own a CO detector. 


	Figure
	CO Knowledge--residential 
	
	
	
	

	2009 Focus groups of homeowners and risk behavior related to residential poisoning 

	
	
	

	Participants have heard of CO and know it is an odorless, colorless gas. 

	
	
	

	Many know symptoms of CO poisoning: headache, drowsiness and dizziness. 

	
	
	

	Most participants could name CO sources: furnaces, grills, cars and gas appliances. 

	
	
	

	Many participants confused CO and natural gas, using the terms interchangeably. 

	
	
	

	If CO were present, most participants knew to leave the house and call the fire department. Some would take less appropriate actions (e.g., turning off natural gas, opening windows, checking CO detector for malfunction). 


	Qualitative Studies: 
	Damon SA, Poehlman JA, Rupert DJ, Williams PN. “Storm RelatedCarbon Monoxide Poisoning: An Investigation of Target Audience Knowledge and Risk Behaviors. Social Marketing Quarterly. 2013: 19:188 199. 
	Rupert DJ, Poehlman JA, Damon SA, Williams PN (2013). “Risk and protective behavioursfor residential carbon monoxide poisoning.” Injury Prevention;19(2):119123. 
	Detector knowledge--residential 
	
	
	
	

	Most participants haveaCO detector,but many do not have adequate alarm coverage. 

	
	
	

	Participants wereunsurehow many CO detectors to install orwhere to place them. Many place detectors nearfurnacesor in basements/utilityrooms. 

	
	
	

	Few participants placeddetectors in or near bedrooms.None acknowledgeda connection between detector location and the ability to hear it. 

	
	
	

	Participants poorly maintain CO detectors.Many do not change batteries regularly. 


	Storm related (generators) knowledge 
	Both summer &winter storms 
	Both summer &winter storms 
	
	
	
	

	Most participants were familiar with CO and had heardabout CO poisoning. Specifically,participants were familiar with its characteristics (e.g.,colorless, tasteless,odorless), knewit often affects sleeping individuals,andrecalled that victims were unlikelyto knowthey were being poisoned. 

	
	
	

	None of the participants acknowledged that their generator placement might have exposedthem to somelevel of CO in the past. 

	
	
	

	Participants also recalled most symptoms ofCO poisoning (e.g.,headache, drowsiness,dizziness) and knewthat itcould befatal. 

	
	
	

	Ventilation,fumes,and CO poisoning were the second most common concerns among participants (after electrocution) 

	
	
	

	Almost all participants talkedabout the needto properly ventilate generators. Fewcould actually define that 

	
	
	

	Most participants said theywere not highlyconcerned about CO poisoning. 

	
	
	

	Precautions rarelyincludedaCO detector 


	Storm related (generators)—detector knowledge 
	
	
	
	

	Almostall participants were aware of CO detectors and their purpose,althoughonly half ofparticipants had CO detectors installed in their homes. 

	
	
	

	All participants said theyunderstoodthe difference between COdetectors and smoke alarms,and mostunderstoodthatCO detectors should be installed in different locations.However,participants were generally unclear onwhere CO detectors should beinstalled. 

	
	
	

	Mostparticipants believed thatCO detectors would be easy to install,and several participants had installed the detectors themselves. 

	
	
	

	Most participants recognized thattheyshould change their smoke alarmand CO detector batteries twice a year.Several cited the recommendationto change batteries when changing the clocks for daylightsaving time.Nevertheless,many participants do notfollowthis recommendation.Residents mostcommonly stated thattheychange the batteries when the alarms are lowonpower and chirp. 

	
	
	

	Most participants viewed COdetectors asthe bestway—and,insome cases,the only way—to protectthemselves and theirfamily from CO poisoning. 


	Qualitative Research Summary Findings: Lack of Awareness of CO Sources and Detectors 
	• 
	• 
	• 
	Many donot considerthemselves at risk. 

	• 
	• 
	Homeownersservice their furnacessporadically; few have annual inspection/ maintenance contracts. 

	• 
	• 
	Many portable generatorowners place their generators in enclosed spaces. 

	• 
	• 
	Most are unsure where to place CO detectors orhow many they should install. 

	• 
	• 
	Most change batteries“when a detector chirps” rather 


	thanevery 6 months. 
	Laws and Regulations 
	
	
	
	
	

	Patchwork nationwide 

	
	
	
	

	Apartment buildings 

	
	
	

	Newconstruction and remodeling 

	
	
	

	Home sales 

	
	
	

	Some hotel 



	
	
	

	Enforcement 


	Possible survey topics 
	
	
	
	
	

	Battery maintenance 

	Detector replacement 
	


	
	
	

	Detector placement 

	
	
	

	Awareness of laws 

	
	
	

	Basic CO knowledge 


	Figure
	Figure
	Sources of information 
	• 
	• 
	• 
	• 
	Most of material is from NFPA’s 2015 report, Smoke Alarms in US Home Fires 

	– 
	– 
	– 
	NFIRS details combined with NFPA’s fire experience survey for national estimates 

	– 
	– 
	Unless otherwise specified, info is based on reported US fires and from this report 

	– 
	– 
	Also references other sources, such as CPSC, American Housing Survey, etc. 



	• 
	• 
	We know much less about CO alarms 


	Figure
	| © National Fire Protection Association. All rights reserved. 
	nfpa.org 

	We want to know 
	• 
	• 
	• 
	• 
	Level of protection 

	– How many, where, what type 

	• 
	• 
	Are they working?  If not, why not? 

	• 
	• 
	Unwanted alarms 

	• 
	• 
	Consumer perceptions and understanding 


	Figure
	| © National Fire Protection Association. All rights reserved. 
	nfpa.org 

	American Housing Survey data for 2011 
	• 
	• 
	• 
	• 
	Asked about presence of working smoke detectors and CO detectors 

	– 
	– 
	– 
	– 
	95% of households reported working smoke detectors, including 

	• 
	• 
	• 
	91% of households below poverty line 

	• 
	• 
	93% of households with householder at least 65 years old 



	– 
	– 
	76% of households with smoke detectors powered by batteries or electricity and batteries said they replaced batteries in last six months 



	• 
	• 
	Also asked about working CO detectors 


	– 43% of households reported working CO detectors 
	• 
	• 
	• 
	49% were powered by battery 

	• 
	• 
	19% by electricity alone 

	• 
	• 
	32% by both electricity and batteries 


	Figure
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	How many households have smoke alarms or working smoke alarms? 
	• 
	• 
	• 
	• 
	Phone surveys suggest 95%-97% with smoke alarms present 

	– Self-reporting may overstate presence or number working 

	• 
	• 
	In CPSC’s 1992 National Smoke Detector Project, 20% of homes with smoke 


	alarms had none that worked 
	– 46% of the respondents in households in which no smoke alarms functioned thought that all of them were working 
	Figure
	| © National Fire Protection Association. All rights reserved. 
	nfpa.org 

	What codes are in place? 
	• According to American Housing Survey 2011, 30% of homes that were less than five years old had smoke detectors powered by batteries only 
	– 
	– 
	– 
	Model codes have called for hard-wired smoke alarms for a long time 

	– 
	– 
	What do codes require in jurisdiction? 


	• Are codes enforced? How? 
	Figure
	| © National Fire Protection Association. All rights reserved. 
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	What portion of fires are first discovered by smoke alarms? 
	• 
	• 
	• 
	• 
	In UK, smoke alarms were present, operated and raised alarm in 39% of reported home fires 

	– 
	– 
	– 
	Smoke alarms operated but did not raise alarm in 11% 

	– 
	– 
	– 
	Breakdown: 

	• 
	• 
	• 
	Person raised alarm before activation in 59% 

	• 
	• 
	No one in earshot in 18% 

	• 
	• 
	Occupants did not respond in 14% 




	– Source: Fire Statistics, Great Britain, April 2013 to March 2014 

	• 
	• 
	In roughly half of unreported fires, not enough smoke was present to trigger smoke alarm in CPSC’s 2004-2005 National Sample Survey of Unreported Residential Fires 


	Figure
	| © National Fire Protection Association. All rights reserved. 
	nfpa.org 

	Figure
	What types of smoke alarms are present? 
	• 
	• 
	• 
	Most consumers don’t know the difference between photoelectric and ionization 

	• 
	• 
	• 
	National Fire Incident Reporting System (NFIRS) asks about smoke, heat, combination smoke and heat, sprinkler water flow detection, multiple types and other 

	– 
	– 
	– 
	– 
	Does not 

	• 
	• 
	• 
	distinguish between smoke alarm and smoke detector 

	• 
	• 
	ask about combination smoke alarm and CO alarm or combination ionization and photoelectric 

	• 
	• 
	Ask about interconnectivity 


	– 2010 Harris poll found about one-quarter of homes had interconnected alarms 

	– 
	– 
	Also collects very limited information on confined structure fire incident types 




	Figure
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	Figure
	How do smoke alarms age? 
	• 
	• 
	• 
	• 
	In 1997, NFPA issued a fact sheet on 10-year replacement of home smoke alarms 

	– 
	– 
	– 
	Expected failure rate estimated at four per million hours of operation or one every 30 years 

	– 
	– 
	– 
	Early field studies of detector reliability, notably by Canada's Ontario Housing Corporation, found a 2-3% failure rate per year 

	• 
	• 
	• 
	All smoke detectors in Ontario Housing Corporation’s units in 1978-1982 were “annually inventoried, cleaned and functionally tested with smoke.” 

	• 
	• 
	Since 1977, every dwelling unit had at least one wired-in smoke detector 



	– 
	– 
	So, in ten years there is roughly a 30% probability of failure before replacement in 10 years 



	• 
	• 
	CPSC’s earlier survey (1994) found home smoke alarms tended to fail totally, 


	not incrementally with a loss of sensitivity 
	• These tests need to be updated 
	Figure
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	Figure
	Figure
	Smoke alarm failures 
	• 
	• 
	• 
	More engineering analyses are needed 

	• 
	• 
	• 
	From a 2011 Amazon review: 

	– 
	– 
	– 
	“…I heated up the oven, put some food in and went outside for about 10 minutes. I came back in the house and it was FULL of smoke. 

	– 
	– 
	I heard beeping from a fire alarm. I turned off the oven, opened the windows, then tried to figure out which alarm was beeping. None of the alarms on the walls/ceilings were 




	beeping… 
	– 
	– 
	– 
	Turns out it was an old one I had in a cabinet that I had taken down to install one of these. 

	– 
	– 
	Then I tested all of these that I have installed. They all worked when I pushed the 'test' button. These should have gone off. The house was FULL of smoke” 


	• How much smoke is needed to activate alarms? 
	Figure
	| © National Fire Protection Association. All rights reserved. 
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	How often and why do smoke alarms activate?  
	• 
	• 
	• 
	• 
	2010 Harris poll for NFPA 

	– 43% said smoke alarms had gone off in past year 

	• 
	• 
	• 
	What do you think caused the smoke alarm to go off? 

	– 
	– 
	– 
	Only one response was allowed 

	– 
	– 
	Note that no one said “fire” 
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	| © National Fire Protection Association. All rights reserved. 
	nfpa.org 

	Reasons for activation 
	in past 
	Cooking Low battery chirp Unclassified Woodstove or fireplace Lost power or power surge Steam No apparent cause Malfunction or defective Don't know 
	 year 
	73% 
	Figure

	8% 5% 
	4% 3% 
	2% 2% 
	1% 2% 
	Figure
	Issues with monitored systems 
	• 
	• 
	• 
	• 
	1989 NIST study False Alarm Study of Smoke Detectors in Department of Veteran Affairs Medical Centers found 

	– 
	– 
	– 
	15.8 activations for every real alarm 

	– 
	– 
	One unwanted activation for every six devices 

	– 
	– 
	Similar current studies are needed 



	• 
	• 
	• 
	What policies and SOPs are in place for fire department responses to unwanted alarms? 

	– 
	– 
	– 
	Fines? 

	– 
	– 
	Level of fire department response? 

	– 
	– 
	Investigation? 

	– 
	– 
	Level of ITM and plans 
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	Issues with interconnected alarms 
	• 
	• 
	• 
	Does consumer know how to tell which alarm is sounding? 

	• 
	• 
	Does consumer know how to shut off? 

	• 
	• 
	Why do some seem to go off randomly, particularly at night? 


	– From two different brands: 
	– “I replaced all the smoke detectors in my house with these in May 2012 (a total of 11). I replace the 9 volt batteries every year. Starting in early 2016 … one by one the smoke alarms went bad... randomly going off (a full on alarm, 
	three loud beeps, then a pause of 4 to 5 minutes then more loud alarm beeps... I have been taking them down as 
	they go bad and now have less than 50% of them properly installed... “ Amazon January 8, 2017 review 
	– “JUNK! Just bought January 31 2016 and can no longer return …because it's past the return time. I replaced my 10 year old (working fine) smoke detectors for this same brand and they are already defective setting off the whole house at 11PM for NO REASON!“ Amazon March 11, 2016 review 
	• Damage to consumer trust? 
	Figure
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	Battery issues 
	• 
	• 
	• 
	• 
	How often are lithium-ion batteries failing early? 

	– Amazon reviews have expressed frustration 

	• 
	• 
	How often are lithium-ion batteries replaced by conventional batteries? 

	• 
	• 
	Why do some interconnected smoke alarms chirp even with new batteries? 

	• 
	• 
	• 
	How often does chirping begin in the middle of the night? 

	– How often does night-time chirping cause immediate disabling? 

	• 
	• 
	Chirping as a nuisance to neighbors 


	Figure
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	In NFIRS, what’s a fire?  What’s an unwanted alarm? 
	In NFIRS, what’s a fire?  What’s an unwanted alarm? 
	• 
	• 
	• 
	• 
	Incident type instructions do not include a clear definition of fire 

	– Situation found vs out on arrival 

	• 
	• 
	In each city, about one-third of incidents with “investigate fire out on arrival” as an action taken were not classified as a fire in the incident type field 


	– Numerous incidents coded in the 650 (smoke scares) and 740s (unintentional activations of fire protection equipment) series where fire extinguishers were deployed before fire department arrival 
	Source: NFPA’s NFIRS Incident Types:  Why aren’t they telling a clearer story? 
	Figure
	| © National Fire Protection Association. All rights reserved. 
	nfpa.org 


	What’s a CO incident? 
	What’s a CO incident? 
	• 
	• 
	• 
	• 
	NFIRS 5.0 Complete Reference Guide incident type 424 

	– “Carbon monoxide incident. Excludes incidents with nothing found (736 or 746)” 

	• 
	• 
	• 
	NFIRS data dictionary (used for pull-down menus, text searches) 

	– 
	– 
	– 
	“Carbon monoxide incident” 

	– 
	– 
	Narratives for 424 show many CO alarm activations with nothing found 

	– 
	– 
	Fire department had tested for CO 
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	Summary 
	• 
	• 
	• 
	There’s a lot we don’t know 

	• 
	• 
	Technology has changed more than data collection 

	• 
	• 
	• 
	With surveys, it matters how we ask question 

	– 
	– 
	– 
	Self-reports may not be reliable 

	– 
	– 
	Consumers may not know relevant specifics 



	• 
	• 
	Going into homes is crucial 

	• 
	• 
	New engineering analyses are needed 

	• 
	• 
	Project is so needed 
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	Survey Overview 
	Survey Overview 
	
	
	
	

	National cross-sectional survey. 

	
	
	

	Representative sample of US households. 

	
	
	

	Targeted sample size: 1,200 (present funding for 450 homes). 

	
	
	

	Mode: in-home interviewer assisted survey (face-toface interviews). 
	-


	
	
	
	

	Survey focus 

	
	
	
	

	Status, usage, functionality, awareness of smoke and CO alarms; 

	
	
	

	Collect direct data from smoke and CO alarms functionality test. 
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	Figure

	Survey Topics 
	Survey Topics 
	1. Introduction: 
	
	
	
	

	Preamble and explanation of the study and the survey purpose; 

	
	
	

	Respondent’s consent to participate. 


	2. House characteristics: 
	
	
	
	

	Location; 

	
	
	

	Housing type and characteristics (single housing, apartment/condo, mobile, etc.). 
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	Figure

	Survey Topics 
	Survey Topics 
	3. Status of Smoke and CO alarms in the residence: 
	
	
	
	

	Availability of Smoke and/or CO alarms 

	
	
	

	History of testing smoke alarms 

	
	
	

	Knowledge of functionality of alarms at home 

	
	
	

	Reasons for non-functioning alarms 


	4. Fire and alarms history: 
	
	
	
	

	Accidental fires 

	
	
	

	Indication of a warning 

	
	
	

	False alarms 
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	Figure

	Survey Topics 
	Survey Topics 
	5. CO History/ Awareness: 
	
	
	
	

	Knowledge of carbon monoxide and CO alarms 

	
	
	
	

	History of testing CO alarms 

	Reasons for not testing 
	


	
	
	

	Reaction to CO alarms 
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	Survey Topics 
	Survey Topics 
	6. 
	6. 
	6. 
	Smoke/CO alarms functionality test 

	7. 
	7. 
	7. 
	Collected information on alarms: 

	
	
	
	

	Type of alarm (sensor type, such as ion, photo, combination; 

	
	
	

	Power source (AC only, AC with battery, battery only, seal and replaceable batteries); 

	
	
	

	Manufacture date; 

	
	
	

	Interconnected or single station; 

	
	
	

	Location within home: 

	
	
	

	Whether the alarm or battery was replaced during the visit. 
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	8. Alarms and Detectors: 
	
	
	
	

	Homeowner knowledge of location; 

	
	
	
	

	If no CO alarm: 

	Reason(s) for not having CO alarm; 
	


	• 
	• 
	Number of alarms purchased after contact. 


	9. Household Demographics: 
	
	
	
	

	Age; 

	
	
	

	Disabilities; 

	
	
	

	Smokers; 

	
	
	

	Race and Ethnicity; 

	
	
	

	Education; 

	
	
	

	Income level. 
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