Is Suicide at MIT a Poisson Process?Elaine Chew and Philip Greenspun

Suicide Report2Chew & GreenspunEvery time there is a suicide at MIT, there are calls from numerous parts of thecommunity for action by the Administration. If suicides are in fact a randomprocess then such calls are unwarranted as a consequence of a particular suicideor suicides (although in the long run, it still might be worth taking action toreduce the overall rate). We analyze data over a 28 year period, from 1964through 1991, in an attempt to determine whether suicides may be modelled as aPoisson process.Data CollectionAlthough MIT maintains no health statistics on the student, staff or facultypopulations, suicide is such an exceptional event that we were able to obtain datafrom the Office of the Dean for Student Affairs. Dean Robert M. Randolphsupplied us with the dates and methods of student suicides since 1964. Some ofthe data are incomplete to the extent that only the month and year were given;for these data, we have assumed that the suicide occurred on the 15th of themonth. Table I shows the data following our regularization.10/8/647/26/7410/20/8611/15/647/27/7510/2/8710/17/6512/12/7510/3/873/17/662/2/7610/22/876/4/6710/16/774/8/8810/19/694/3/784/15/887/15/702/8/836/15/883/19/7311/30/836/15/884/15/736/21/8410/15/905/15/735/18/866/15/915/24/7310/4/866/15/91Table I: Dates of Suicides where the 15th of the month has been assumedwhen only the month and year are known.Hypotheses PostulatedWe agreed upon the following plausible hypotheses:¥ that suicides are a Poisson process, i.e. that one suicide has no effect onany other and that the expected time until the next suicide is independent

Suicide Report3Chew & Greenspunof the elapsed time since the last one. This was the original hypothesis forthe research.¥ that the first suicide after a quiet period can be modelled as a Poissonevent, but that subsequent suicides within three months are caused insome sense by the first. This hypothesis was considered after observing�clumps� in the data.¥ that living under the presidencies of Ronald Reagan and Richard Nixoncauses suicide. This hypothesis was considered after noting the largenumber of suicides in the periods 1981-1989 and 1969-1974.¥ that mid-terms and final exams cause suicide. This hypothesis waspostulated based on personal experience.¥ that suicides are Poisson, but that the rate has been increasing with time.This hypothesis was postulated based on the observations that there are alarge number in the 1980s and that the career prospects for MIT graduateshave been dimming over the years 1964-1991.¥ that recreational drugs and Hippie mentality prevent suicide. Thishypothesis was based on the low number of suicides in the period 1967�1972, which was otherwise marked by extreme pessimism among studentsnationwide, and the high number during the �Just Say No� Reagan years,a time of optimism.Testing the Basic Poisson HypothesisIn order to test the basic original Poisson hypothesis, we tried to determinewhether the interarrival times were exponentially distributed and also whetherthe number of arrivals in fixed periods matched a Poisson PMF.In testing for exponential distribution of interarrival times, we first calculated theempirical interarrival times, giving 32 numbers from the 33 suicides. We thenorganized these into 3-month bins, i.e. 0-3 months, 3-6 months, ..., 21-24 months,>24 months. Because of the miniscule area under any fixed portion of the

Suicide Report4Chew & Greenspunextreme tail of the exponential, we lumped all the periods longer than two yearsinto one bin.For each bin, we calculated the area under corresponding portion of theexponential first order interarrival time PDF for a Poisson process with constantl. Since the experimental arrivals divided by the time period is an unbiasedmaximum likelihood estimator for l, we simply performed that calculation (32divided by roughly 28 years � note that we do not count the first suicide sincethat simply starts the clock). We multiplied the raw area for a single trial by 32,the total number of suicides, to get the total expected number of suicides per bin,had the suicides been generated by a Poisson process.Interval LengthEmpiricalExpected(Poisson)Chi-SquareSummand0-3128.291.663-656.140.216-934.550.539-1233.370.0412-1532.500.1015-1801.851.8518-2111.370.1021-2411.020.00>2442.910.41totals3232.004.91Table II: Comparison of actual and expected distribution of suicideinterarrival times. The Chi-Square Summand column shows each term ofthe summation

χ 2 = (Oii=1n∑ - Ti )2 / Ti where

Oi is the observed value and

Ti is the theoretical or expected value.

Suicide Report5Chew & GreenspunTable II shows both the actual and expected distribution of suicide interarrivaltimes. Chart I presents the same data graphically.Interarrival Time (in months)

Number of Suicides0246810120-33-66-99-1212-1515-1818-2121-24>24EmpiricalExpectedChart I: Comparison of actual and expected distribution of suicideinterarrival times.We conducted the following significance test:

H0: That suicide interarrival times at MIT are exponentially distributed

Level of significance:

α = 0.05 With 8 degrees of freedom from 9 bins, we reject

H0 if

χ 2 >15.51 Calculations in Table II show that

χ 2 = 4.91

∴Αχχεπτ

H0A similar test with 6 month bins yielded a similar fit. We conducted another Chi-Square test to see if the number of observed suicides in fixed four year periods fita Poisson PMF with constant l (calculated by simply dividing 33 by 28, this timeincluding the first suicide since the clock was arbitrarily started in 1964).

Suicide Report6Chew & Greenspun4 year periodEmpiricalExpected(Poisson)Chi-SquareSummand64-6754.710.0268-7124.711.5672-7574.711.1176-7934.710.6280-8324.711.5684-8774.711.1188-9174.711.11Total3333.007.09Table III: Comparison of observed suicides in 4 year periods to expectednumber from Poisson PMFTable III shows the results of this comparison: the Chi-Square goodness of fit isbetter than the 12.59 variance necessary to reject the Poisson process hypothesis.We did this for seven-year periods as well, and got a Chi-Square sum of 5.38,below the 7.82 value necessary to reject the Poisson hypothesis.The Chi-Square test rests on the Central Limit Theorem and therefore is onlyreliable when there are a lot of values in each bin (at least five according to somepractitioners). Because of the Chi-Square test�s unreliability with such thin data,we decided to test alternative hypotheses.Does One Suicide Trigger Others?Noting that some of the data are clumped together, we considered the possibilitythat suicides occuring within three months of each other are dependent. If thiswere so, we should be able to get a better fit to an exponential distribution byconsidering only �first suicides�, i.e. those that occur after a quiet spell of longerthan three months. We found 21 such suicides, and performed a interarrival timebinning test. Since our data selection method precluded interarrival timesshorter than three months, we reduced the number of bins by 1 and scaled up theexpected probability of the remaining portion of the exponential distribution by

e3λ (σο τηατ τηε τοταλ προβαβιλιτψ ωουλδ στιλλ βε 1 υνδερ τηε ποσσιβλε πορτιον οϕ τηεδιστριβυτιον). Ωε ϕουνδ τηατ

8 30 since the interval extended from May 9 through June 8.We found that 16.12 suicides1 occurred during this period, against an expectednumber of 11 had the data been generated by a Poisson process (there were 33suicides total and our intervals cover one third of each year). We conducted asignificance test based on the assumption that there were enough data to applythe Central Limit Theorem. Thus we assume that variations from the expectednumber of Poisson arrivals in an interval are normally distributed.1The fractions from the undetermined dates did not add to a whole number.

Suicide Report8Chew & Greenspun

H^{0: That suicides at MIT are distributed according to a Poisson PMF}

H^{1: That suicides are MIT are more prevalent during exam periods}

Level of significance:

α = 0.05

Considering only the right-hand tail of a normal distribution with mean

11 and variance 11 (implying a standard deviation of

11 or 3.32), we reject

H0 if the empirical value is more than 1.65 standard deviations

from the mean, i.e. if we observe more than 16.5 suicides.

The data show 16.12 suicides in the periods around exams.

∴Δο νοτ ρεφεχτ

H0.This is a frustrating borderline result. We can reject the null hypothesis with 94%confidence, but not with the magic 95% confidence for which one usually hopes.Even that confidence might be thrown in doubt if the data did not includesummertime suicides. However, Dean Raldolph stated that, because of the needto suppress billing for tuition and student loans in the event of suicide, his officetracks, and the data include, all summertime suicides (note the 3 suicides in Julyand 6 in June listed in Table I).A second potential objection is that depression and suicides have been correlatedwith wintertime and holidays. The data, however, do not show that suicides areespecially prevalent around Christmas or in the December�January period ofdark and cold.Other HypothesesDue to limited time and data, we did not test some of the alternative hypothesespostulated in the second section.Conclusions and RecommendationsOur principal problem is that the data are sparse. With such sparse data, it isvery difficult to reject null hypotheses. Even a two-headed coin cannot berejected as fair with 95% confidence with fewer than six flips. When dealing withthe subtleties of human psychology, i.e. there are many factors that maycontribute to suicide, it is difficult to draw reliable conclusions without a lot of

Suicide Report9Chew & Greenspundata. Thus, for future work it would be valuable to get data from otheruniversities.Despite the rarity of suicide, what data are available seem to support areasonable hypothesis: students are more likely to kill themselves during examsand shortly before or a few weeks after. Current MIT Medical Departmentpsychiatry staffing levels result in long waiting periods for counseling, evenduring off-peak times (typically students must wait three weeks or more beforegetting an appointment unless they are willing to admit suicidal feelings to areceptionist). We suggest that the Medical Department hire part-time counselorsfrom one week before until three weeks after exam periods so that students mayget help without waiting more than a day or two.