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ABSTRACT
During the investigation of most fires, including fatal fires, the investigators focus almost all of their
attention to the questions of cause and origin. This has been the traditional purpose of fire investigation. Because of
this, the type of smoke detector involved, i.e. ionization or photoelectric, is seldom a factor that is considered
important. In fact, in some cases little effort is made to determine if a smoke detector was even present.
Complicating the investigation of this aspect of the fire is the fact that quite often the ceilings have been pulled
down, along with the remains of the detector in an effort to extinguish the fire. The smoke detector, at least what is
left of it, is buried in debris and difficult to recognize. In addition, the different factors that can affect a smoke
detector’s ability to detect a fire in time to alert the occupants are not well understood. As a consequence,
investigators are not aware of any reason to investigate the operation of the smoke detector.
In this paper we show why investigating aspects of smoke detector performance may be important, if not to address
the cause and origin of the fire, at least to understand better the cause of injuries and fatalities. In doing this we
endeavor to answer some questions that some investigators have had as to why some detectors may not have gone
off in time to alert the occupants. In many cases investigators improperly assume that if the occupant did not escape,
then this means that the smoke alarm did not operate. We also discuss the national statistic regarding smoke alarms
and how the failure to collect relevant information may be leading to incomplete and misleading data analysis. Since
Massachusetts started to collect this information and apply lessons learned to public education and code
improvements, the fire death rate per capita has dropped much faster in Massachusetts, than in the US as a whole.
While there may be many reasons for this, we are confident that better collection of data involving smoke alarms is a
major factor.

INTRODUCTION
When the issue of smoke alarms and fire investigation comes up we are reminded of Mark
Twain’s wisdom, “It ain’t what you don’t know that gets you into trouble. It’s what you know for sure
that just ain’t so.”4 The fire service in the US has been so “educated” about the effectiveness of smoke
alarms that they often assume that if someone died, then the unit must not have had a alarm. If a smoke
alarm is found, then they assume the victim acted inappropriately or that the fire grew so fast that the
smoke alarm could not provide adequate time to escape. Such assumptions may be seriously flawed.
Here are sections from NFPA 921-2014 that relate to the concerns in this paper.1
NFPA 921 Section 4.4.1 Receiving the Assignment. The investigator should be notified of the
incident, told what his or her role will be, and told what he or she is to accomplish. For example,
the investigator should know if he or she is expected to determine the origin, cause, and
responsibility; produce a written or oral report; prepare for criminal or civil litigation; make
suggestions for code enforcement, code promulgation, or changes; make suggestions to

manufacturers, industry associations, or government agency action; or determine some other
results.
NFPA 921 Section 21.5 Determining Responsibility. After determining the origin, cause, and
development of a fire or explosion incident, the fire investigator may be required to do a failure
analysis and to determine responsibility. It is only through the determination of such
responsibility for the fire that remedial codes and standards, fire safety, or civil or criminal
litigation actions can be undertaken.
NFPA 921 Section 6.2.10.3.4 Smoke alarms should be taken into evidence when smoke alarm
performance may be an issue. The alarm should be collected as evidence after being
photographed in place and should not be altered by applying power, removing or inserting
batteries, or pushing the test button. Alarms still on the wall or ceiling should be secured intact
with mounting hardware, electrical boxes, and wired connections. Removing a section of wall
material with the alarm may be needed to preserve the condition of the alarm and all electrical
power connections.
NFPA 921 – Section 4.3.8 Expectation Bias. Expectation bias is a well-established phenomenon
that occurs in scientific analysis when investigator(s) reach a premature conclusion without
having examined or considered all of the relevant data. Instead of collecting and examining all of
the data in a logical and unbiased manner to reach a scientifically reliable conclusion, the
investigator( s) uses the premature determination to dictate investigative processes, analyses, and,
ultimately, conclusions, in a way that is not scientifically valid.
NFPA 921 – Section 4.3.9* Confirmation Bias. Different hypotheses may be compatible with the
same data. When using the scientific method, testing of hypotheses should be designed to
disprove the hypothesis (falsification of the hypothesis). Confirmation bias occurs when the
investigator instead tries to prove the hypothesis.
Despite this language, unless it is a major fire in terms of loss of property or life, investigations seldom go
beyond the cause and origin phase. In fact, when it comes to evidence regarding smoke alarms, some fire
investigators feel that it is their duty not to concern themselves with the smoke alarms, since it is a
litigation concern. Many investigators seem to feel that their sole responsibility is to investigate
potentially criminal issues. But if this evidence isn’t collected by fire investigators, who else? Even when
local and state fire officials investigate the smoke alarm status, they often do so with biases based on
mistaken understanding of: the statistics relating to smoke alarms, the smoke alarm approval process, and
published fire tests results. Prior papers have already raised awareness of this problem.2, 3 The present
paper expands on the topic and offers possible solutions.
BIAS IN THE INVESTIGATION OF FATAL FIRES

The need for fire investigators to avoid bias in investigating cause and origin issues has been discussed at
length in many papers and in the media. The need for fire investigators to avoid bias when looking at smoke alarms,
as well as other code related issues, issues has for the most part been overlooked. Yet the same logic and guidance
should be applied to both aspects of any fire investigation.
In the first example below, the fire official held up the non-functioning smoke alarm which survived the fire in the
adjacent side of the duplex, and reported that disabled alarms were responsible for the tragedy. Despite the fact that
no evidence existed to definitely determine the smoke alarm status in the side of the duplex where the fire started, it
was assumed that it must have been non-operational due to the fact that occupant died. Here are a series of stories
that appeared in local papers after the fire.
10/05/04 - Blaze, reported at 1:33 a.m., kills 5 in duplex. A smoke detector without a battery was found in
unoccupied side of duplex. No smoke detector found in charred side. 5
10/05/04 - Fire officials said there were no working smoke detectors in the fire apt. and fire may have raged
for an hour. Officials focusing on smoking. At some point the parents awoke and tried to rescue the
children.6

10/05/04 - Fire officials said the lack of functioning smoke detectors was a key reason a young family of
five perished in an early-morning house fire in Dennis yesterday.7
The truth is that there was so much damage on the side of the duplex in which the fire started, that it was impossible
to know the status of the smoke alarm. Officials were basing this conclusion on the fact that a disabled alarm was
found in the vacant side of the duplex. Shortly after this announcement the landlord produced an affidavit showing
that they were working just a few months earlier. In addition, relatives reported hearing them operate, due to
cooking, at a party just weeks before the fire.8
Given that the smoke alarm produced a nuisance alarm to cooking, it was likely an ionization smoke alarm. Given
that the fire officials suspected smoking as a cause and hypothesized that the fire burned for an hour before being
detected, it was likely a smoldering fire. In addition, since the parents were found after attempting to rescue their
children, they were evidently alerted to the fire at some point. The hypothesis that the smoke alarm may have
operated too late to allow for safe egress was never considered by the investigators. Due to the fact that occupants
died, officials expected to find a disabled alarm and this conclusion confirmed their opinion that no one dies when
smoke alarms work.
Here is another example.
The Fire Chief said a fire inspection in September noted three fire detectors in the house, and could not
explain why there was no evidence of them after the fire. He said that firefighters did a great job, but smoke
detectors could have made a difference.9
What is interesting is that in the same news report one of the survivors “told relatives that he heard a smoke alarm
go off.” Why did the fire department ignore this statement? The local fire department was contacted by one of the
authors and cautioned not to make assumptions. They were encouraged to keep an open mind and make a
determined effort to find the smoke alarms. The next day the fire department issued a new statement in which they
reported that, “Two activated smoke detectors were present in the rowhouse where four people died in a fire
Wednesday night.”10
In a third example, the local fire officials used that the fact that occupants died with a working alarm to determine
that it was arson.
“A working smoke detector that failed to rouse nine people killed in a pre-dawn house fire indicated the
blaze moved more quickly than a normal fire – and provided a critical clue in deciding the blaze was arson,
authorities said Wednesday. … We had young, able-bodied people who we believe had a smoke detector
warning and weren't able to evacuate. I think that got our attention the most … The initial investigation
could not find something that would lead us to a cause other than accidental. So on an initial basis it looked
as if we had an accidental situation.”11
The Chief, in this example, assumed that most fires in which occupants die with working alarms are arson fires. Yet
according to the NFPA12 approximately 1,020 residential fire victims in the US die with operating alarms, while
approximately 330 die on arson fires.13 This means the vast majority of fire victims who die in fires in which the
alarms operate die in non-arson fires. So, while the fire may well have been an arson fire, the fact the smoke alarms
operated is irrelevant to the issue.
Clearly, in these cases and most likely in many others, the investigators had preconceptions regarding the smoke
alarms and then fit their hypotheses to those preconceptions. This type of analysis is not consistent with NFPA
921.14 In these examples the investigators appear to show expectation and confirmation bias. We do not believe
these are isolated cases but the norm for most fatal fire investigations, due to the fact that fire officials are looking
for an opportunity to educate the public with a simplistic message, “smoke alarms work and save lives.” The authors
have even seen this message after a fatal fire in which the smoke alarm worked and someone still died.
BIAS IN THE ANALYSIS OF THE AVAILABLE DATA

Bias on the part of investigators can lead to faulty data collection as it related to smoke alarms.
Bias in the analysis of that data compounds the problem. The magnitude of the problem that this type of
bias overlooks could be substantial. According to the US Fire Administration (USFA), “When the

“unknowns” … are apportioned to the other three categories, alarms were not present in 52 percent of
the fatalities in 1998; an additional 19% of the deaths occurred in homes where smoke alarms were
present but failed to operate. In 29% of fire deaths, an alarm did operate—8 percentage points higher
than in 1996. This is somewhat disturbing since there is a widespread belief that an operating alarm will
save lives. In some of these cases, the alarm may have gone off too late to help the victim, the victim
may have been too inebriated or feeble to react, or the fire may have been too close to the victim. Such
cases merit further study.”15 Table 1 illustrates this “disturbing trend” throughout the 1990s.
Table 1. Fires with Working Detectors16
1988
1990
1994
1996
1998
2001

% of Fatal Fires with
Working Detectors
9%
19%
19%
21%
29%
39%

% of Fires with
Working Detectors
38%
42%
49%
52%
55%
55%

% of Homes with
Detectors
81%
86%
93%
93%
94%
95%

While there will always be a certain percentage of people who cannot be saved by smoke detectors, e.g., the
handicapped, those intimate with the fire, etc., there is no reason to believe that the number of those people
quadrupled between 1988 and 2001. In addition, while the number of fires with working detectors increased
approximately in proportion to the increase in the number of detectors installed, the increase in the percentage of
fatal fires with working detectors far exceeded it.
Eventually the USFA did appear to study the issue. In a 2006 report titled, “Investigation of Fatal Residential
Structure Fires with Operational Smoke Alarms,”17 the USFA provided updated data.
“The alarm operated in less than one-quarter of all fatal residential structure fires—a troublesome statistic,
since alarms are designed to save lives. In the case of apartments, the operational alarm statistics are
especially troubling (33.5%), as alarms often are provided by landlords and more often are required by law
than in single-family homes. In addition, apartment alarms are more likely to be hardwired into the
electrical system and professionally maintained than alarms in dwellings.”
So in an attempt to investigate why the percentage of fatal fires with operating alarms increased up to 39%, by 2001,
the USFA determined that the actual percentage was less than 25%. The discrepancy appears to stem from the fact,
that unlike previous USFA reports, the August 2006 report did not apportion the unknowns to the various categories
before developing the final percentages. There appears to be several other “bias” issues with this USFA Report,
which downplay or ignore the “disturbing trend.”
1. The USFA only investigated why some people die with operating alarms. They did not investigate why that
percentage doubled during the 1990s. The most obvious question to ask in order to study why the
percentage of fatal fires with operating alarms was increasing would be, “Did something change that might
have led to the increase?”
2. They do not even consider that the alarm may operate too late to provide adequate warning, particularly in
apartments, in which the occupants typically need to escape through the living area. This failure is
troubling given the results of the NIST testing that had been published over a year earlier clearly showed
this was possible.18
The failure of the USFA to study this problem is unfortunate. If they had studied it, they might have noticed that the
increase occurred after Underwriters Laboratories and the smoke alarm manufacturers who sit on the UL217
Standards Technical Panel, modified the UL217 Fire Tests in 1988 to make it much easier to pass the smoldering
fire tests.19, 20 This allowed less-sensitive ionization smoke alarms to be sold. As a consequence, smoke alarms that
were already relatively insensitive to the type of smoke that contributed to hundreds of deaths per year, i.e.,
smoldering smoke, were allowed to not respond to until even higher levels of smoke are reached. The USFA did
take some action to address this “disturbing” statistic—they subsequently discontinued publishing statistics relating
to smoke alarms in their “Fire in the United States” series.21

One possible explanation for this action by the USFA is “cognitive dissonance,”22 which is the mental conflict that is
generated when one is confronted with evidence that conflicts with existing beliefs. One way to cope with this
phenomenon is to avoid information which would increase the dissonance. While the “cognitive dissonance” that
this evidence raised might explain this action, it does not excuse it. The USFA suggest that this issue be studied, but
if not studied by the USFA, who should study it? To compound this failure, they continued to give the impression to
fire investigators, as well as the general public that few people die in fires with working smoke alarms.
REASON FOR BIAS RELATING TO SMOKE ALARMS
Chiefs are not informed when someone dies with working alarms
In a 2006 newspaper article the following statement appeared: “There are ample statistics showing that fire
detectors work, as well as plenty of empirical evidence. Fire officials across Central Massachusetts said they could
think of no instances in which death occurred in a residence with a working smoke detector, but could think of many
instances in which a detector saved a life.”23
What makes this statement so interesting is that in the year in which the story appeared (2006), for Massachusetts
fires in which the alarm status was determined, the percentage of fatal fires with operating alarms was 60%.24 If
every time someone dies with operating alarms, the media is not informed of that fact or in many cases is misled to
believe that it did not operate, then the general public and other fire officials never become aware that it happens.
Then when it happens in their jurisdiction, they assume that it is such a rare phenomenon they ignore key evidence
or find alternative explanations that blame the victim. This acts as a misinformation feedback loop which hides an
inconvenient truth. Even on a nationwide basis, the percentage of fatal fires with operating alarms is almost 40%.25
Yet invariably, when we ask fire officials to estimate this percentage, they typically guess anywhere from 5% to
10%. To compound this “public relations problem,” the fire service is told that scientific studies show that smoke
alarms provide adequate warning.
Results of Fire Tests
Fire officials and the general public continually hear good news about smoke alarms. “Smoke alarms of
either the ionization type or the photoelectric type consistently provided time for occupants to escape from most
residential fires.… Consistent with prior findings, ionization type alarms provided somewhat better response to
flaming fires than photoelectric alarms, and photoelectric alarms provided (often) considerably faster response to
smoldering fires than ionization type alarms.... Smoke alarms of either type installed on every level generally
provided positive escape times for different fire types and locations.”26
These statements are taken from the text of the Executive Summary of the National Institute of Standards and
Technology (NIST) Home Smoke Alarm Study27, but the actual results paint a very different picture. Although
Table 2 does not appear in the actual report, it was provided in a NIST reply sent to the Boston Fire Dept. in
response to a series of questions about the report.28
Table 2. Average Time to First Alarm and Time to Untenable Conditions, with Standard Deviations
Time to
Time to First Alarm
Untenable
Available safe Egress Time
Conditions
Photo
Ion
Photo
Ion
Smoldering Fires
2219 ±1061
4010 ± 1120
4244 ± 1265
2064 ± 950
197 ± 336
Flaming Fires
97 ± 31
47 ± 35
216 ± 68
124 ± 64
175 ± 70
Cooking Fires
738 ± 103
688 ± 476
1464 ± 255
688 ± 476
777 ± 244
(also Flaming)
As one can see there will be many cases in which the ionization alarms will be providing little or no ASET: For
ionization detectors responding to smoldering fires, the average minus one standard deviation equals –139, a
negative number. In addition, since NIST inexplicably ignore the tenability along the egress path, for living room
fires the results are actually much worse than indicated. NIST did admit in another document that, “ionization
detectors have been shown to sometimes fail to alarm in a smoldering fire even when visibility in the room is

significantly degraded by smoke.”29 This result should not have surprised anyone. Fire tests conducted in the United
State (1979), Great Britain (1997), and Norway (1991), all showed similar results.30
The well-documented ineffectiveness of ionization technology for smoke from smoldering fires may also be a factor
in other scenarios in which the smoke has similar attributes to typical smoldering smoke, i.e. relatively larger
particles:
1. Oxidative pyrolysis (non-flaming overheating) – a plastic item melted on a stovetop.31
2. An electrical fire in the walls or attic space.32
3. Aged (cold) smoke – even smoke from a flaming fire may change as the particles agglomerate/coagulate. 33
Here is a quote from a 1983 article in the NFPA Fire Journal, reporting on a hotel fire that discusses “cold smoke.”
The smoke entering the hotel rooms traveled from several floors away.
“The guest-room smoke detectors were the single-station, battery-operated ionization type. Many hotel
occupants reported that the single-station, battery-powered detectors did not sound, even though smoke
conditions were obvious by sight and smell in their rooms. However, laboratory examination of a sample of
detectors by the Center for Fire Research, National Bureau of Standards indicated there was no malfunction
of the individual guest-room detectors tested.
Cold Smoke Effect. The essential feature of smoke is its instability. As smoke travels away from a fire, and
ages, the smoke particles in a cloud collide with one another and cluster. This process goes on continuously
until the number of particles has been considerably diminished and the average size largely increased.
Since the response of an ionization smoke detector is dependent on the particle concentration and size,
some of the guest rooms might not have had a sufficient concentration of this aged smoke to operate the
smoke detectors in the guest rooms.”
Reinforcing the lack of awareness of these testing results is that the typical experience that one has with operating
smoke alarms is when they respond to cooking aerosols, giving the impression that the alarm in question is not only
working but super-sensitive. What most investigators do not understand is that smoke can vary in key
characteristics. The same ionization alarm that is sensitive to cooking aerosol, e.g. 0.2 μm, is relative insensitive to
smoldering smoke, e.g. 2 μm (refer to Figure 1).

Figure 1 34
In Figure 1: A represents a photoelectric detector utilizing a “scattered light principle” (a spot detector), B represents
a photoelectric detector utilizing “obscuration” (a beam detector), and C represents an ionization detector (a spot
detector). It should also be noted that this chart assumes that the total mass of particulates stays constant for a given
volume. This causes the number of particles to decrease as the size increases. It is actually the decrease in the
number of particles that causes the ionization detector to become less sensitive to large particle smokes.
Misunderstanding of UL 217 Fire Tests35
It is interesting to note that to check the ability of the smoke alarms to function properly, they were sent to
the National Bureau of Standards. In other cases, it has been suggested that smoke alarms be sent to Underwriters
Laboratories. This is based on the common misunderstanding that the percent obscuration marked on the back of the
alarms, typically 1% – 2% obscuration per foot, provides an indication of how it will respond in a real fire. That

figure is obtained in a smoke box test, with non-realistic smoke, that is designed to be a “calibration” tool. It is not
an indication of the level of smoke at which an alarm will respond in a real fire. In the recent NIST tests, ionization
smoke alarms rated at 1% - 2% in the UL 217 Smoke Box would respond at levels of obscuration as high as 22%
obs/ft in actual experimental smoldering scenarios. In addition the current series of fire tests in UL217 do not tests
for smoke produced by smoldering synthetic material, even though this is a common fatal fire scenario. That is why
smoke alarms that have to pass the current “white pine” smoldering test at no more than 10% may respond at levels
twice that high, 22% obs/ft, in real fires.36
NFIRS DATA COLLECTION ON SMOKE ALARM EFFECTIVENESS
The statistics used by the NFPA to highlight the effectiveness of smoke alarms are based on data collected
through the NFIRS reporting System. Here are four of the “blocks” relating to smoke alarms, along with an
explanation of some troubling issues.

Figure 2. NFIRS Detector Data Collection Modules37
Concerns about the blocks:
L-1: What is meant by “in the area of the fire?” If the smoke alarm on the 1st floor, near the kitchen and
living room is disabled, but the smoke alarm on the 2 nd floor operates and alerts the victims, how should the
investigators answer this question? Alternatively, what if the smoke alarm on the 2nd floor operates but not
soon enough to provide adequate warning?
L-1: As discussed earlier, many investigators do not appear to make the effort to find the smoke alarms,
due to flawed assumptions and the difficulty of searching through debris. But even in the cases in which the
remnants of a smoke alarm are found, there is no means to collect this data.
L-2: What if the smoke alarm in the apartment was disabled, but the common area alarm system operated
and saved the lives of several occupants?
L-5: Since the hypotheses developed by the investigator are susceptible to “expectation bias,” how reliable
is the conclusion of the investigator that is collected by L5?”
L-6: How is the investigator supposed to determine that the smoke alarm was “dirty,” or that it was
“defective or lacked maintenance”?
At least three modest changes to the NFIRS collection system could improve the data collected on smoke alarms.
a. There should be 2 boxes labeled “L1 – A” (for alarms within the unit/floor of origin) and “L1 – B” (for
alarms outside the unit/floor of origin). For each of these boxes, there should be supplemental boxes which
ask the investigator to identify whether the alarm was: ionization, photoelectric, dual, or undetermined
b. In the box labeled “L4” there should be a 5th category titled, “Properly powered – operation undetermined.”

c.

Since the main reason that smoke alarms are disabled is repeated nuisance alarms, there should be a box to
supplement “L6” that asks the investigator to estimate the distance to a cooking appliance and the
bathroom.

POTENTIAL IMPACT OF INVESTIGATIVE BIAS ON FIRE STATISTICS
Perhaps the most popular statement regarding smoke alarms is that “A working smoke alarm reduces your
chances of dying in a fire by 50%.” Although just about every fire official and fire safety site highlights the fact that
smoke alarms reduce your risk by 50%, few understand how it is derived. The basis for this oft-cited claim is the
following:
“The death rate per 100 reported home fires was more than twice as high in homes that did not
have any working smoke alarms (1.18 deaths per 100 fires, either because no smoke alarm
was present or an alarm was present but did not operate), as it was in homes with working
smoke alarms (0.53 per 100 fires).”38
But an in-depth analysis of these numbers tells a more revealing story (refer to Table 3).
The category “Non-confined fires” was added in 2000 to the NFIRS reporting System. Prior to this change
they were typically categorized39 as “Food on the stove.” According to the NFPA, there were no fatalities
in this category, so they do not represent dangerous fires, in which the alarm effectiveness is critical. So a
second row was created including only “non-confined” fires.
If fire officials are occasionally miscoding fires as having non-operational alarms when in fact they
operated, this category would be expected to be artificially high. This might explain why the risk with nonoperational alarms is 2½ times higher than if there were no alarms at all. The risk should be the same. The
third grouping estimates the number of miscodings by assuming the risk with non-operating alarms is equal
to the risk with no alarms and shifts the “extra” fatalities into the operating column. If the risk with nonoperational alarms was 1.24, then the total number of fatalities would be 242 (1.24×195). As a
consequence, 348 (590 – 242) fatalities are shifted into the “Present and Operated” Column.
Table 3. Risk Estimate (Deaths per 100 Fires) vs. Smoke Alarm Status
US Home Fires, NFPA 2007 – 201138
Present and
Present and Did
Not Present
Risk Change
Operated
not Operate
with Operating
Alarms
All Fires (Non-confined
0.53
1.94
.95
and Confined)
(1020/1919)
(590/304)
(950/998)
-55%
(0.53-1.18)/(1.18)
1.18
(1540/1303)
Only
1.22
3.02
1.24
Non-confined Fires
(1020/837)
(590/195)
(950/767)
-24%
(1.22-1.60)/(1.60)
1.60
(1540/962)
Only Non-confined Fires
1.24
1.24
– Assuming Risk with
1.63
(242/195)
(950/767)
+24%
Non Operating Alarms =
(1368/837)
(1.63-1.24)/(1.63)
1.24
Risk with No Alarms
(1192/962)
It would appear that the benefit of operating smoke alarms is less than claimed, and that much of the claimed benefit
may just be due to miscoding and statistical misanalysis. When looking at non-confined fires, there is a 24%
increase in risk with operating alarms. When looking at just apartments, the numbers are even worse. This may be
due to fire officials coding the common area alarm as operating as opposed to the smoke alarm in the apartment in
which the fire originated. NFIRS does not allow the official making the report to distinguish this important factor.
The risk may also be different in apartments due to the fact that occupants have fewer egress options than in 1 or 2
family homes. It appears that the reported benefit of smoke alarms is much less than commonly believed. Physically,
it does not appear that having an operational smoke alarm should make the likelihood of survival lower, so perhaps
the +24% statistic represents data scatter. But a more plausible explanation is that the demographics of the two
“denominators” are not the same. In other words, possibly individuals who disable or fail to maintain smoke alarms

may systematically be less prudent persons and, as such, liable to incur additional, non-threatening fires, as
compared to individuals who are careful to maintain their smoke alarms. Such a super-proportional increase in total
fire incidents would reduce the computed lethality rate for that population group.
EXPERIENCE IN BOSTON AND MASSACHUSETTS
Starting in the early 1990s, the Fire Marshal’s office of the Boston Fire Department (BFD) started to
investigate fatal and non-fatal fires for the cause of the death, injury, or property loss in addition to the cause and
origin of the fire. The first pattern which was noticed was the high number of people who were killed or injured in
fires with disabled smoke alarms. In researching solutions to this problem the BFD became aware of the difference
in smoke alarm technology and the differences in various aerosols. As a consequence, a proposal was made by the
BFD to have the State Building Code mandate only photoelectric alarms within 20 feet of a kitchen or bath. The
members of the Board responsible for the code asked the BFD to make sure that photoelectric alarms, which are less
sensitive to nuisance smoke, were not also less sensitive to real fire smoke. While conducting this research, the BFD
did not find any testing indicating a problem with the response of photoelectric smoke alarms; however they did
become aware of the many studies that identified the ionization as having response problem to smoldering smoke.
As a consequence, in 1998 the Massachusetts State Building Code mandated the use of photoelectric technology in
new or renovated construction.41
While no information exists regarding the current total fraction of homes in Massachusetts with photoelectric smoke
alarms, it is not unreasonable to assume that more than 15 years after this code language was adopted that it is
substantial enough to affect the fire statistics. Looking at the data in Table 4, it would appear that the benefit was
substantial. If Massachusetts had a reduction of 25% like the rest of the US, from the late 1990s until 2010, the death
rate would be 7.0 instead of 4.4. If it were 7.0/million, there would be approximately 17 (6.646 million × [7.0-4.4])
extra deaths per year in Massachusetts. Alternatively if the fire death rate in the US dropped as fast as it did in
Massachusetts, then the total US deaths would be reduced by over 1,000.
Table 4. Fire Death Rates per 1 Million Population42
Years
US
Mass.
Maine + RI
Conn.
New York
Verm + NH (a)
1980 – 1984
23
20.9
22.0
12.5
20.9
1995 – 1999
12.8
9.0
9.0
9.6
11.8
2006 – 2010
9.8
4.4
7.7
6.8
8.2
% Change 80/84 – 95/99
-44%
-59%
-23%
-43%
-57%
% Change 95/99 – 06/10 (b)
-23%
-14%
-29%
-30%
-51%
% Change 80/84 – 06/10
-57%
-65%
-45%
-60%
-78%
Average = -57%
(a) The smaller states were lumped together since small populations have larger variances.
(b) Since the late 1990s, the rate of reduction in the fire death rate is dropping twice as fast as the U.S. as well
as the surrounding states.
Boston has seen an even more drastic reduction. From 2009 to 2012 the City of Boston had a total of only 4
fatalities, despite being a large urban northeast city with older construction and high population density.
The Massachusetts’ State Fire Marshal’s Office, following the lead of the BFD, started collecting more detailed
information on smoke alarms starting in 2011. A preliminary analysis of the data, conducted by the BFD, indicates
that for the tears 2011 – 2013, in cases in which the smoke alarm information could be collected, 42 fatal fires
occurred with ionization alarms, and in many of those cases the fire was most likely smoldering or the alarms was
disabled. In the 5 cases in which the alarm was photoelectric, most of the victims appeared to have medical or other
issues which affected escape potential. While the analysis is still preliminary, the data is encouraging.
DETERMINATION OF RESPONSIBILITY
When a non-biased investigation of a fatal fire concludes that the smoke alarm was disabled, this raises
questions relating to who was responsible. Is the tenant responsible for disabling the alarm? Is the landlord
responsible for not purchasing the kind of smoke alarm that is less likely to be disabled? Is the manufacturer
responsible for not putting a warning on the smoke alarm that it should not be purchased for use near a kitchen?

Different answers to these questions produce different solutions/code improvements. Currently, these kinds of
questions are not even being asked.
When a non-biased investigation of a fatal fire concludes that the smoke alarm operated but that the occupants were
not provided enough time to adequately escape this raises questions relating to who was responsible. Is the landlord
responsible for not purchasing the kind of smoke alarm that responds more quickly? Is the manufacturer responsible
for not putting a warning on the smoke alarm that some alarms may provide inadequate warning. What about code
officials who did not change the code requirements? What about fire safety organizations who do not warn the
public? Different answers to these questions produce different solutions/code improvements. Currently, these kinds
of questions are not even being asked.
CONCLUSIONS
The investigations of fires for potential code improvements, particularly as it relates to smoke alarms, has
to be given as much emphasis as investigating fires for cause and origin. While collecting better data on the smoke
alarm, particularly the type, i.e., ionization or photoelectric, is not a panacea for the fire problem in the US, the
authors strongly believe that it will help guide code officials towards considering code improvement that could save
hundreds of lives per year. More information on this topic can be found at the following links.43, 44
http://www.interfire.org/features/smokedetector.asp
https://www.jstage.jst.go.jp/article/fst/32/1/32_35/_pdf
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