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SUMMARY

False alarm reductions of 41-75 % were observed at Harvard following installation of new,
less sensitive smoke detectors to replace more sensitive ones or by introducing time
delays into the system. A new evaluation index for smoke detection systems, based on
alarm-free months, showed an increase of 33% in alarmless months following replace-
ment. A model of this index predicts that negligible benefits to some systems can occur
following replacement; however, a potentially negligible benefit might be turned into a sig-
nificant benefit if detectors had adjustable sensitivities.

I NTRODUCTION

The false alarm problems associated with
smoke detectors have been the subject of papers
and reports for more than 20 yearsl and will
apparently continue to remain a popular topic2.

In the early 1980’s, many local authorities in
the USA mandated the installation of smoke
detection systems in the hallways and stair-
wells of residential property, including college
dormitories. The Cambridge and Boston Fire
Departments acted as the enforcing authority
for Harvard. That was when a serious false
alarm problem began at Harvard. Each smoke
detection system is connected to the fire alarm
system so that the actuation of one smoke detec-
tor results in klaxons or bells sounding through-
out the building. Prior to any concerted remedi-
al action, there were 133 times at the
University when three or more fire alarms
occurred in a given month in one building or
another among Harvard’s 80 dormitories. The
total number of alarms within this subset of 133
was 559 alarms and the average number per
month per building was 4.21. Approximately
98% of these alarms were false and the balance
due to actual fires.

Approximately 85% of these alarms were caused
by smoke detectors; the rest were due to auto-
matic heat detectors, manual pull stations and
telephone calls.

Two years before remedial actions were taken

(1984 and 1985), the average monthly alarms
from all 80 dormitories (housing approximately
6,700 residents) was 58. Contributing to these
alarms were the 2,600 smoke detectors (95%
were photo-electric, factory-set for tripping at a
nominal optical density of 0.022 per metert and
meeting the UL 268 Standard3 [OD .022 m-1],
and without field adjustability features). An
analysis of 1,438 alarms in a 35 month period
from smoke detectors, pull stations, telephone
calls, and other devices in this period has shown
that the ratio of false alarms to real fires sig-
naled by smoke detectors was 46:1 and that the
comparable ratios for pull stations and tele-
phones was 16:1 and 0.3:1 respectively4.
Calculations at Harvard, based on 1984 and
1985 data, show that each smoke detector had a

probability, on the average, of producing a false
alarm about once every four and a half years.
Known causes of needless alarms are typically
kitchen smoke, fireplace smoke, tobacco smoke,
dust from custodians sweeping or contractors
working, high humidity, steam, aerosols, insects
penetrating the detector, automobile exhaust
gases and poor maintenance.

The purpose of this study was to determine the
best method of reducing false alarms.

t An optical density of 0.022 per meter corresponds
to 1.5% smoke obscuration per lineal foot. Other
optical densities reported in this paper of .032 OD
m-1 and .036 OD m-1 correspond to 2.2 and 2.5%
smoke obscuration per foot.
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THE PROBLEM
An order of magnitude increase in false alarms
followed the initial installation of smoke detec-
tion systems in Harvard dormitories more than
four years ago. The problem became evident in
the attitudes of residents toward these alarms.

Increasingly, they left the building much more
slowly and, in some infrequent cases, residents
ignored the alarms or hid in their rooms. This
deterioration in attitude was documented by
polling the University Police5, who respond,
along with the municipal fire department, to
every alarm, averaging between two and three
minutes to arrive at the scene.

The problem associated with false alarms any-
where is the damage done to the credibility of
the system. Credibility is not easily quantified.
Yet, as BreznitZ6 observes, &dquo;two important fail-
ures or mistakes of a warning system can dras-
tically reduce its credibility. The law of initial
credibility posits that a warning system that
enjoyed high credibility will lose more credibili-
ty following a false alarm than one whose credi-
bility was lower in the first place. Stated differ-
ently, it suggests that those people who took the
threat more seriously will have a greater
amount of credibility loss following the false
alarm information than those who took it less

seriously.&dquo;

It is not unreasonable to assume that after resi-
dents hear an alarm which is proven to be false,
a second alarm occurring a few hours, days, or
even weeks later will be much more strongly
suspected of being false than the first one.
Therefore, it may be hypothesized that it is the
first false alarm which most damages the credi-
bility. Subsequent alarms do little in the near
term to erode any residual credibility but, of
course, can add greatly to the magnitude of the
nuisance. Smoke detectors are supposed to give
early warning of fire, but if the credibility of the
alarm system has been destroyed, then resi-
dents may require a second, more convincing
fire threat cue (e.g., seeing flames, smelling
smoke, etc.).

It was with credibility in mind that the author
chose to evaluate false alarms based on a

system index, not individual detectors. It was

credibility which led him to count a system’s
&dquo;alarm-free months&dquo; and use that count in a

new rating index which is psychologically more
meaningful because it credits the alarm-free
month much more than it gives demerits to
months in which multiple alarms have occurred.

DESENSITIZATION AND OTHER
OPTIONS

Desensitization of smoke detection systems
through replacement of older, overly sensitive
detectors with newer, less sensitive ones was

chosen as a relatively recent means to amelio-
rate the problem in 50 of the 80 dormitories.
Less sensitive UL listed detectors were in the

marketplace and allowed Harvard this option.

Prior to making this commitment, Harvard
decided to evaluate the benefits of desensitiza-
tion by making sensitivity changes through cir-
cuit adjustments to existing smoke detectors in
two dormitories with a history of many false
alarms. The early desensitization work for two
dormitories was contracted to two smoke detec-

tor manufacturers, each being assigned a single
dormitory. Potentiometrically desensitized
detectors were adjusted from a nominal .022 OD
m-1 to either .032 or .036 OD m-1. Brand A

(.036) was installed in a 147 detector dormitory
and Brand B (.032) in a 31 detector dormitory.
Additionally, alarm verificationt modules were
added to two other dormitories.

Later, the University obtained &dquo;hardened&dquo;
detectors that had improved resistance to false
alarms from entrapped dust, internal light scat-
tering, insect penetration, humidity, steam, and
radio interference. These detectors were

installed in four other dormitories, thus bring-
ing the total of experimental smoke detection
systems to eight in the 1984-1985 period. The
hardened detectors retained a nominal .022 OD
m-1 sensitivity. These five steps are listed in
chronological order in Table 1.

t Alarm verification requires a delay in initiating an
alarm; it requires a timed confirmation by the
system. The system will initiate an audible alarm if
a smoke concentration is found to be above the trip-
ping level for both an initial and follow-up monitor-
ing.
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Beginning in January 1986, the University
replaced .022 OD m-1 units with .032 OD m-1
counterparts in 50 dormitories. This replace-
ment program involved 1,508 new smoke detec-
tors. The decision to use less sensitive detectors
rather than alarm verification or hardened
detectors was based on the preliminary trial
results given here and reluctance to install
automatic delay of an alarm signal when it
would have required, in most cases, the same
delay on manual pull stations, a condition not
allowed under today’s standards by Under-
writers Laboratories. An annual detector clean-
ing program has also helped to reduce false
alarms.

RESULTS AND ANALYSIS
The results of the desensitization by circuit adjust-
ment experiments in two dormitories are shown in
Tables 2 and 3. Few readers will doubt that there
has been a clear reduction in false alarms.

Table 2 data show that the desensitized detec-
tors afforded: a) an 80% reduction in unwanted
alarms when comparing the nine months before
desensitization to the nine months immediately
following: b) a 69% reduction when comparing
the nine months before desensitization to the
same nine calendar months after; and c) a 61%
reduction in unwanted alarms when comparing
the nine months before desensitization to the 25
months following. In the case of this dormitory,
with 147 detectors (Table 2), the percent of
alarm reduction appears to decline with the

passage of time. This observation suggests that
when new detectors grow old, they become more
sensitive or that annual cleaning techniques are
less than perfect.

The results of 60-second time delays using
alarm verification modules are shown in Table
4. It is during this time delay that the opportu-
nity exists for smoke or other transients to dis-
sipate below a tripping level of .022 OD m-1 and
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thus avoid an alarm. A counter on each module
identified how many alarms had been avoided.
Alarm verification modules appear to afford a
decrease in unwanted alarms of 75% in
Dormitory No. 2 (Table 4) and 41% in Dormitory
No. 1. However, Dormitory No. 2 has almost
twice as many smoke detectors as Dormitory
No. 1 and almost a dozen kitchenettes, whereas
Dormitory No. 1 has no cooking facilities. Alarm
verification has been found less desirable at
Harvard University than desensitization of indi-
vidual smoke detectors because of the time
delays from verification that could result in a
rapidly developing fire.

The results of the study of 113 transient-hard-
ened detectors, used in four dormitories, are
shown in Table 5. The hardened smoke detec-
tors show 50% fewer alarms from unknown
causes: this is a logical consequence of reducing

alarms from transient disturbances (e.g., radio
interference). Such transients would not be
identifiable and hence logged in as &dquo;unknown.&dquo;
Therefore, the benefit appears to be real. Also,
the number of alarms has been cut in half by
comparing the twelve months prior to installa-
tion with the twelve months following.

Table 6 shows a summary of data for the 50 dor-

mitories where nominal .032 OD m-1 detectors
were substituted for the .022 OD m-1 units. The
decline in unwanted or false alarms is 65%, sim-
ilar to the reductions shown in Tables 2 and 3.
The dormitories are arranged in the order of
increasing number of detectors in service.
Alarm data for the older sensitive smoke detec-

tors are from part of 1984, all of 1985, and, in
most cases, part of 1986. Listed are both the
number of alarms and the time span in months

during which these alarms occurred for both the
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older and newer detectors on a dormitory-by-
dormitory basis. The time intervals for compari-
son of the performance of older and newer
detectors in general were about 24-30 months
for each, thus affording nearly equal time inter-
vals for comparison.

Analysis of the 50-dormitory study (Table 6)
shows that the overall decrease in alarms fol-
lowing replacement of older units with newer
ones was 65%, that is:

Percent Decrease = 100 (734-255)/(734) = 65%

Another way of evaluating individual detector
performance is to calculate the mean time
between alarms. By reworking data in Table 6,
one can show that the .022 OD m-1 devices col-
lectively produce, on average, 320 alarms per
year. Since there were 1,508 devices in service,
each detector produced 0.2122 fire alarms per
year. The reciprocal of this number is the aver-
age span between alarms for a given detector,
that is, 4.7 years. The comparable number for

the .032 OD m-1 devices is 13.5 years.

Replacement of the more sensitive detectors
with the less sensitive units thus results in a

gain of 187% based upon time between alarms,
that is:

On balance, the overall average gain, G’, in
alarmless months per system resulting from
installation of the new units was 33%, that is:

This measure of comparative smoke detection
system performance is based on alarmless-
months. It is a new method to rate smoke detec-
tion systems, not individual smoke detectors,
and does not count subsequent alarms from a
building’s smoke detection system within the
same month. For example, this rating method
would tend to deemphasize the false alarms
coming every other day from a defective detec-
tor.

The data in Table 6t were also used to calculate
an Alarm Improvement Index I, for each dormi-

~ ~~

Fgure 1. Improvement Index following replacement of 0.22
OD m-1 smoke detectors with 0.032 OD m-1 detectors as
a function of the number of detectors in the system.

t The data in Table 6 were corrected where necessary
by extrapolation for slightly unequal times of service
in each dormitory for the two types of detectors using
the following formula: 

-

Here F.032 is the number of fire alarms occurring in
building i with .032 OD m-1 detectors in service, Xi
and Yi are the corresponding time intervals where
.022 and .032 OD m-1 detectors were in service,
respectively. Of the 250 fire alarms reported in Table
6, six were due to actual fires and the rest were false.
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Table 6.

Comparison of Zero Alarm Months for
New (.032 OD m-~) Smoke Detectors (Beginning ca.

Jan, 1986 and Ending Aug 1, 1988) vs Older (.022 OD m-1)
Smoke Detectors (During the period of ca. 1984 - 1986)
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tory, based on the formula:

Where X’/X and Y’/Y are the probabilities of an
alarm-free month before and after replacement,
respectively. The greater the index, the greater
the differences between the detectors before and
after replacement. Values of I as a function of
N are plotted in Figure 1.

It is seen that considerable scatter occurs.!
Four values of I were originally negative; for
visual simplification all values were made posi-
tive in Figure 1 by adding 15 to the original
value of I, given in Table 5. The individual
values of the new I range from 3 to 85.

MODELLING
Modelling of this trend suggests that an incre-
mental decline in I can occur above a given
value for N. This can be shown by redefining
the probabilities associated with alarm-free
months before and after replacement (X’/X and
Y’/Y, respectively) as the difference between
two Poisson distributions. A Poisson distribu-
tion is:

Here P(n) is the probability that n alarms will
occur in a given month, N is the number of
detectors in the system and r is the probability
that a detector will cause an alarm in a given
month The index I for alarm-free months can
be represented by the difference between the
two probabilities:

where P2(0) is the Poisson probability that zero
alarms will occur in a given month with the new,
less sensitive detectors, P1(O) represents the prob-
ability that zero alarms will occur in a given
month with the older, more sensitive detectors
and r2 are the monthly alarm rates per detector
for the old and new detectors, respectively.

If the model is valid, then the maximum value
of I for a given size of system, N, and the sensi-
tivity reduction factor (a = rllr2) afforded by the
replacement effort, is calculable by taking the
derivative of I with respect to N, setting it equal
to zero and solving for N, that is:

Solving for N at Imaxt, we obtain

For example, if r2 = 0.0104 (one alarm per
detector, on average, every eight years) and a =
2 (thus r, signifies one alarm per detector every
four years), N = ln(2)/0.0104 = 67. Substituting
N = 67 in Equation 3 gives Imax = 25.

How rapidly I approaches zero as a function of
N after reaching a maximum and how high its
maximum value can become are dependent on
the parameters a and r2. More specifically, the
greater the parameter a and the smaller the
value of r2, the greater the area under the curve
of Equation 3 and hence the more significant or
noticeable the gain in alarm-free months and
the greater can be the allowable value of N
before I decreases to some unacceptable level,
say 50% of I max tt or I < 20.

t The scatter could probably have been reduced if the
dormitories had been stratified by population type
(e.g., freshmen dormitories vs. graduate dormitories,
similar HVAC systems, similar architecture, percent
occupancy, etc. However, these factors were not easily
determinable and hence the data in Figure I is unre-
fined.

tt For example, in a 50 detector system, where each
detector has a probability of producing, on the aver-
age, one alarm every 4.7 years, (0.0177 alarm per
month), the expected number of alarms per month in
a given year are: 4.95 months of zero alarms; 4.38
months of one alarm; 1.94 months of two alarms and
0.74 months of three or more alarms. We are more
concerned here with alarm free months than with the
number of alarms occurring in a month.

t It can be shown that a maximum and not a mini-
mum is occurring at Nn = ln(a)/r2(a - 1) by calculat-
ing d21/dN2 and noting that this second derivative is
less than zero at Nm.

tt For example, if a = 5 and r2 = .02, 1&dquo;~~ = 53 and
the two values of N corresponding to 50% of7.p~ (i.e.,
26.5) are 4 and 66. On the other hand, if a = band r2
= .001, then 7~~; stays equal to 53, as before, but the
value of N corresponding to Nm is 402 and the two
values of N corresponding to 50% of I,~~ are 85 and
1325. The half width of the I band is thus much
broader when alr2 is relatively large.
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The part of the curve to the left of the maximum
tells us how much we are gaining with a
replacement program in a system with fewer
detectors than required to attain Imax; the por-
tion of the curve to the right of Imax also tells us
how much we are gaining but it also tells us our
system has more detectors in it than some opti-
mum size for N and how much we are losing in
comparison to I max t.

The index I can be zero in systems of any size
that experience a large number of alarms before
and after replacement. For example I = 0.0 for a
system which initially produced four alarms per
week and only two per week following replace-
ment.

These calculations suggest that field adjustabil-
ity of sensitivity on detectors should be returned
to the buyers and installers of systems so that,
with the assistance of fire protection profession-
als, they can match the sensitivity of the detec-
tor to the size of the system and the environ-
ment that interfaces with the system. More
importantly, as the sensitivity of a smoke detec-
tion system decreases, the amount of &dquo;assured
safe egress time&dquo; decreases, and this has to be
evaluated. Therefore, matching the sensitivity
of the detectors purely to. the size of the system
would not make sense, especially if life safety
and not property protection were the dominant
concern.

There is obviously a limit to how insensitive a
system should be and still afford warning of fire
sooner than an automatic sprinkler system. The
negative implications revealed by modelling a
large, false-alarm prone system may sometimes
be counteracted by zoning or subdividing a large
smoke detection system into a number of small-
er ones, thus allowing more sensitive detectors
to be in service. This is not a new concept in life
safety. Another countermeasure is that smoke
detector manufacturers work harder to develop
more discriminating systems which can be pro-
grammed to reject specious &dquo;smoke&dquo; signatures
and thus create a more reliable and credible

alarm system. To this end, Underwriters
Laboratories has devoted considerable time
within the last few years to develop more strin-
gent UL 268 standards to mitigate the false
alarm problem.

CONCLUSIONS
The number of alarmless months afforded by
the newer, less sensitive units was used to cal-

culate the probability that each of the 50 build-
ings would experience three consecutive months
without an alarm from a smoke detector. These

probabilities, given in Table 6, show that eleven
buildings have less than a 50% chance of
achieving this goal and one dormitory has less
than a 25% chance. Again, more work by smoke
detector manufacturers and fire protection engi-
neers is needed to reach this goal.

Clear evidence of a significant reduction in false
alarms was revealed in a total of 58 dormitories

where hardening, alarm verification and desen-
sitization of smoke detectors were separately
employed.

Three methods were used to compare older and

newer smoke detectors and systems on a per-
centage basis: (a) mean detector times to alarm
(a 187% gain for 50 systems); (b) reduction in
false alarms (a 65% gain for 50 systems, a 41-
75% gain for eight others); and (c) the increase
in alarm-free months (a 33% gain for 50 sys-
tems).

DISCUSSION
Methods (a) and (b), discussed above, deal with
the aggregate number of smoke detectors in ser-
vice and the aggregate number of alarms they
produce. Method (c) is based on a smoke detec-
tion system performance. This last method
essentially treats months in which multiple
false alarms have occurred in the same way as

months in which only one alarm has occurred.
In this sense it tends to deemphasize the signifi-
cance of false alarms which reoccur close in time

to each other. It relies on the difference in the

probabilities of an alarm-free month before and
after replacement for any given building
(system) and may therefore be a more effective
psychological yardstick of the restoration (or

t These calculated values of I are more theoretical
than practical since r2 most likely has to be deter-
mined after a period of actual experience, as was
done at Harvard.



9

loss) of credibility.

However, the monthly improvement index will
be low for systems which already enjoy a low
frequency of alarms (e.g., reduction from two
alarms per year to one) or for systems which
continue to have a high frequency of false
alarms after replacement (e.g., reduction from
two alarms per week to one). In the former case,
the credibility of the system can be considered
high to begin with, so that further desensitiza-
tion might be considered unnecessary; in the
latter case, the remedial action has been insuffi-
cient.

It should also be pointed out that the develop-
ment of the improvement index given earlier is
simplistic. The model was developed with an
alarm environment in mind which was often
disturbed by false alarms and virtually never
disturbed by real fire alarms. Obviously, credi-
bility assessments of a system by residents are
going to be more complicated if, say, one out of
four alarms in a month, on average, is due to a
life-threatening fire. In other words, there is
some restoration of credibility whenever resi-
dents learn that the system warned them of an
actual fire even though 75% of the alarms are
known to be false. The ratio of false alarms to
real fires signalled by smoke detectors following
replacement in the 50 system study was 42:1,
based on six fires. It would thus appear that the

great majority of alarms are false and that a
more complicated model is not justified at this
time.

Although not tested in this work, it is expected
that a combination of alarm verification and
desensitization or cross zoning and desensitiza-
tion would result in still greater reduction of
unnecessary alarms. The use of more discrimi-

nating7 or &dquo;smart&dquo; smoke detectors and fire
alarm control panels8 that can evaluate and
reject false smoke signatures or electronically
compensate detectors which would ordinarily
experience gradually increasing sensitivities is
also a great source for unwanted alarm reduc-
tion, although some of the combinations given
will further reduce the so-called &dquo;assured safe

egress time&dquo; and are therefore controversial.

The increase in the number of alarmless months
in a residential building following smoke detec-
tor replacement in the detection system may be
taken as an arbitrary measure of the restora-
tion of alarm credibility. That is to say, residents
who do not hear a false alarm after, say, three or
more months may be more inclined to heed the

warning of the fire alarm system than those
who have heard one or more false alarms in the

previous three months. On this hypothetical
basis, the probability calculations show that
eleven out of 50 dormitories with new smoke

detectors in service continue to have less than a

50% chance of experiencing three consecutive
alarm-free months. This finding indicates that
additional improvement in smoke detector and
alarm technology is needed to restore full,
widespread credibility to all systems.

It is hoped that new smoke detector technology
will eventually abate this exacerbating false
alarm problem. Field adjustability of detectors
may help and ought to be reintroduced to the
market.

The work presented here is from a case study. It
thus should not be used to quantitatively pre-
dict the outcome of a similar replacement pro-
gram at other universities or residential proper-
ties. In addition, the percentages of alarm
reduction might not be reproducible at Harvard
-- if such retesting were possible -- due to
hidden variables, operative in the two experi-
mental trials to a greater extent in one case
than the other.

Acknowledgement
The author is grateful to both Mr. James H.
Stewart, Director of Environmental Health &

Safety at Harvard University, for his helpful
comments on this paper and to an unknown

reviewer who made a series of extremely helpful
recommendations for enhancing the paper.



10

REFERENCES
1. Fry, J.F., "The Problem of False Alarms

from Fire Detection Systems"
Tagungsbericht des 6. internationalen vor-
tragsseminar ueber Probleme der automa-
tischen Brandentdeckung, Institut fuer
Elektrische Nachtrichtentechnik der RWTH
Aachen. October 1971.

2. See, for example, the January/February
1988 issue of the NFPA Fire Journal, which
contains four articles on the false alarm
problem.

3. Underwriters Laboratories Standard, UL
268, "Smoke Detectors for Fire Protective
Signalling Systems."

4. Breen, D.E., "False Fire Alarms in College
Dormitories: The Problem Revisited",
SFPE Technology Report 85-3 SFPE,
Boston, MA, 1985.

5. Breen, D.E., "Do Smoke Detection Systems
Work in College Dormitories?", SFPE
Technology Report 84-8, SFPE, Boston, MA,
1984.

6. Breznitz, S., Cry Wolf: The Psychology of
False Alarms, Chapter 14, "The Law of
Initial Credibility", Lawrence Erlbaum
Associates, New Jersey, 1984.

7. Luck, H.L., "Correlation Filters for
Automatic Fire Detection Systems",
Proceedings of the First International
Symposium on Fire Safety Science,
Hemisphere Publishing Corp., New York,
NY, 1986, pp 749-756.

8. Bukowski, R.W. and O’Laughlin, R.J., Fire
Alarm Signaling Systems Handbook,
Chapter 6 "Electrical Supervision", National
Fire Protection Association and Society of
Fire Protection Engineers, Boston, MA,
1987.


