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Diversity of Behavioral Phenomena. 
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By 

G. Rasch. 

In order to illustrate the basic Trinciples of the Poisson pro-

eess I may refer to one of its most popular applications, viz. the 

Theory for incoming calls to a telephone exchange. 

Whenever you call somebody on the phone, you may have a very 

good reason for doing so, you may feel that ypu can really give a 

valid causal explanation of  your call. But for\the telephone exchange 

your eau•ality is of no import whatsoever. Your call ie. just one among 

a thousand other. inceming calls Which to all intents and purposes,of 

the telephone exchange may be described as a series of independent 

random events, occurring with a eonetant intensity over a stable 

period. 

This point -ief view may be forma/iced as follows: 

' Within the period considered the probability of an incoming call 

is tdt for any differential time interval (t,t dt), the intensity 

being constant through/tit the whole periods in particular the probabi7 

Iity is unaffected by the number of °ells that preceded t and by the 

time elapsed Ginoe the last call as well. In addition we assume, that 

the swohability of two calls in the-same differential interval Je3 in-

finitely email as compared with ).dt.. 	
1) 

Prom this set of assumptions it follows .that the probability of 

a calls in a finite period T is given by the Poisson distribution with 

the mean value 

(..1) 	 la= KT, 

(1,2) 	 PielX9T) ' 124)*  a . 
17-67W7477aliF151, p.400-4o2. 2) Bee e.g. Reach 	p.129-13o. 



Oa this opoftwaAem I de not Intend to presast a statistical docu-

mintstion.of how roll the Foieften prmoses works in this field 

you may easily dig up any smOunt of data- but in view of what fol-

lows 1 may mention a couple of properties of the Poisson distribu-

tionupon which such.* control may be bossed, viz. he rums   of al: 

441121k-and clatI19ALLItZi 

If art and a are independent random variables following Pole-

von distribu•ionewith the ;a meters pl  mei u2  , then the sum 

01.3) 
	

o r4  ra2. 	a,2  

also follows Poisson distrttution, `:ho nets value of which is 

(1.4) 
	

" 	)12* 
t end furthermore the cAnditinal distributtma of, say, a l  in such 

;airs lrith 'even sum (1..3) will follow a Pansmial distribution: 

(105) 	 P 611PlecP1'1121 	A 	— 
0‘ pi) al 02)  a2 
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2  ,> 	(111,11/ 	 era . 

Pir iTICOMIIME ceaIs to telephore exchroges the roissor prneems 

would seem ft quite reasonable Model, land its applicability has, in 

fact, 'oeen born cat in practice, 

In 1919 Greenwcod stufs, Toode suggeatod the same model as the 

basie for studying the accidents of 648 female workers in .an Eng-

lish ammunietion fac'4or7. Prow an examination. of the 61stribution 

of the nor; .ere according to their number of accidents during 13 

rOnthe the authors concluded that the intensity of aocidents, 

v.NIt:id mot pooeibly&svf, bewl coux:Ort to a11 of the workers, There 

had 	 be be c certain intavidusl variation im 7.1. which was than ea- 

tiefsetvrily desert:14:d. Thus tiatt cowspt el ,°sccident proneness! 

was brought forth. 

	

-pap ar-Vsiairac,  aloe 	 but-trfirinnmertly-  - quot Pd . 
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However?  to state that a number of persons do not have an in-

tensit ►  ft comnon is very fir from showing that any of th4m does 

siege such a parameter. In order is do so the authors ehould have 

established the Volition process as a possible description cc  the 

series of *co/dents for each individual. This would requiru repea-

ted observations en each worker and such were not available. 

lir 122 South Atricanehunterw.lerrich and Arboun reportad the 

number of accident in to periods of respeoUvely T 1  ms S and T2' 5 

yeas . 

Talle"1. 

A contequence of the .hypothecie that shunter no.i. keeps Us 

own 'pronity for accidents", Xx, constant over T0  11 years fto that 

it applies to soot of the periods„ in shish then, the probability 

of his actual numbers of accidents,. s al  and iva  shouZd he givtn by 

theloisson distribution with the mean values 

(2.1) 	 *1 m 	T 11/14  P102 w  

Vie pronity staid, according tz the addilivity rule, be se tas-

ted frost the Poisson distribution for the total 

the mean value of;Weich is 

(2J) 

so that. 	 aVc 
(2.4) 	 AS * To 
l.0 X v  is estis tee b r his number of accidents per time unit. 

Put does he bee, a constant k v -du particular, is it the CI ELMO 

in the two intervile oanalakridl 

If so, it mould follow from the conditionality rule that the 

probability of just an  accidente 0 oNA of his total of a:totalling 



T 

to.the ft pc4od mire Elven by the Binomial distribution with the 

parnaster 	 • 
VI 	A 

(2,5) 	 JP.1  At 	sis 	1-7c  , 
o -12,0 

This reTnit is .xwmmftabls far two reasons. PirstIy o  the proba-

bility in independent of the particular ahuntsrs parameter  
• 

1..t is common to all !chanters shich happened to have the same total 

number of avoidents, e.g, fortbal9shunters laith a)0  es 3. dCcnd1y. 

the paruleter of the Binoilial distribution is even known and the 

same for all values of soot  viz. TA ti. Thum we may in the case of 

apo  se 3 3ompute the probmbilitiss for asa  et, '  1 2 . 2 and 3 as shown 

In table 2. 

Table •. 

On multiplying by 19 a* get a calculated distribution shoving a good 

fit lith 'the observel one as Welsh fiostable 5. 

Table 3* 

Per values of ve ,mith few per 	tiffs procedure is ineffecti- 

ve ut as may in my caw!: alculeMe a mean and a mean square, These 

figarence shown in tabla 4 which also gives a conversion of table 1. 

Staia1) 4 
• 

. As a consequence rt (1.5) together with (2.5) 

(2.6) " 	• iS•  lt;Lvi levo  	eve la  es c.545 

and 

(247) isZ1 I evt a *1 	o 	• PO • o.248 a . 
rft 

Thus 9  from 'this coneequorolat tht mall) it follow thmt by plot- 

tingtharamloaaAt arearagainsta_wehmad Get roints 

• I. 
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clustering around proportlonality lines with the alopee o.545 and 

o.24E4 Prom fig. 1 a era 1 b it is clear that the observations pan' 

this test exce);antly. 

le-lisakkolatutaulattri.A. 
- 	 Parmor and Oh:a 	fmbers L3J have provided ouch details about 5 

years traffie accidente of 166 London busdrivern that the total 

tuber of accidents for etch driver can be compared with his number 

of accidents in both the first you; and the last year These data 

have been presented as tableelo and II in a paper by Bates and Nay-
p. 242-244 

mann 1...4.1 0  and in the tables 5 and 16 below these tables have been 

recast into a form similheto table 4,:shewing the distribution of 

numbers' of accidents in the first year, respectively the leet year, 

for given totals in the 5 years J  

Tsble5 a. 

In analogy to the precedinganalyelave have in fig. 2 a plotted the 

'average of ail  for given total u407 againat the theoretical mean 

value) 

'0.1) • 	
kto 

(cfe (2.6)). 

Aa a consnieuoue =amber of Pointe lie above the identity line, 

a More exact test ie needed. Pros the "beery of the Binomial distri-

butien it is known that :'the 	total of the sel 's should concord 

4 

4 

with the distribution 

t 
Z 801 	4  

1% 	 ol01 n  ( m00% c,a 	 ae3, 
w 

0 
where CO is the grshdtotrel of the u et and *here 0 = 7. 

Thus aca  = 3o1 should eetimate acm. 	 . 133o 

diRf srenc a it 3 Amolmta to 2'.4 x the standard 
---- 

e4 266.o, bue the 

error which is 

133o 	As e coneequenom we have to reject swee-bamie hypo- 

per le inseoeasible to ma, but is frequently quoted.) (el) The p 

-7- 
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tilemis of a constant (personal) protitr far each individuals 

Yor a wodificatioa the data themselves are'suggestive. In fact, 

struoturallrthe observed diattibutions of , a" for given a.70 , as 

shown inn table 5 e r  would seem to use with Binomial distributions 

with a parameter in common, whicli then would have to be estimated 

from the date. 

If aceoptede this e4ggeStion mplies, of .course, that part of 

ma model breaks down. But no more is reciaired.for , ita restoration 

than replacing the constant intensity % e  of by one pronity, 

/iv  for the first period encl another one, k v2, for the remaining 

period, the two pronitles having a constant ratio. Writing s  accor- 
, 

(3.3) 	 ; 01. rst TIA 4  and Ni 	11, 10e i *Ti  m 

it follows from the rule of conditionality that the distribution 

of 	for give, total aRD 
 is binomial with the parameter give,  

c".4) 
11190 °27-377-4; 

In the actUal comparison of the first year to the total this pe-; 

zameter is estimAted at 

(:.5) 
- o 

 

es226„ 

Table 6 enables t to .eoware the fifth year to the tctal period, 

giTin8 
(3.0 0 a.192. 

Venoting further thcor Zer th intermediate 5 yoare by T 2  We get 

T 2 (3.7) 	 fazz 
•3' 4 

and on dividing 

(3.0) 

0.582 



Vow 

(309) 

Accordingly 

. (3 .10 ) 

5 	e 5T5 	al 3  8 5 6 
• 

s,  1,012 

1 

which means that the pronity in. the years 2-4 is practically idena 

tical to the pronity in the fifth year. 

Thus we are left with a contrast . between the first year and 

the four acceding years, with a pronity ratio of 

aqA.-- a 1.17, (5.11) 
6 2 .-5 

i.e. according to the model the pronity should for all busdrivers 

concerned have been some 17 1:0) higher in the first year of obser-

vation than later on. 

Before accepting thle conclusion we must, however, coasider 

the statistical evidence regarding the model as such. 

In table 5 b we have calculated the mean square (MS) of the 

ari ls for each arc , to be comparad with the binomial variance 

	

(3.12) 	 o2  a arc , e(a—e) 

as estimated at 

	

(5.13) 	 82  ' 0.175 aim, 

by substituting 0,226 for e. Prom fig. 2 b it is seen that MS does 

not deviate systematically from e? , and by pooling, as indicated in 

the last column of the table,we git the estimate 26.16/145=o.18o 

which compares favourably with e.226 ° 0.774 a o.175. A similar 

result is obtained from table 6 as regards the last year. The fac-

tor is estimated at 22.76/145 a 0,157, to be compared with 

o.192 0,808 a 0,155. 

Thus we have demonstrated that for given a Do  the variation 

of both aol and ass Is just what it should be like according to the 

model. 

4 
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Statistically, therefore, the conclusion reached at would ',seem 

well founded, in so tar au the modified medal - is at all acceptable. 

Psychologically, however, it would seem almost unbelievable 

that all of the drivers should all of a sadden reduce their re-

spective. pronities by the same relative amount. But the same nume-

rical effect might be produced through a reduction of the working 

hours - for inetance from 9 to 3 hours a day - which would de-

minish the effective exposition time during the last 4 years. 

Fowever, I don't know if such an event did happen by that time. 

Even if it didn't the model might bee good enough for describing a 

certain training effect =, more or less  'common to all of the drivers, 

in which cage the ratio a. ;:tiei  could be perceived as some sort of 

average effect. 	 • 

• It is quite onnceivable that a psychologically more sound 

meidel could be advanced, but since the data showed such exeller.t 

fit to the present model no material gain could be expected from 

t more cemplex model, reguirtna more parameters unless more detailed 

observations became avaelable e  

4. Two behavioral emeriments. Time observatione. 

An obvious way of oefining the counting of occurrences would be 
to record the exact time For each occurrence. Such observations 
were made in two series of behavioral experimente carried out by the 
Danish psychologists Gerimerd lielsen and IWU Beventlow. one 
eerie s the subjects were etudents'at Harensd university , In 
the other aeries: male at ieklebacks Eism, 

In the human experiments eech student WA involved in a hot 
disoussion on hie shlIosephy of life and Ms behavior during this 
sessian was taken Ay sound film. A few days later the scene was 
played back to him end his behavioral reapostes to this self-oenfron-
tation were also recorded. Xn particular the time intervals in 
which, during ehe latter performance; he looked at himself, as well as 
the intermediate intervals in whit he leekea away from himself were 
recorded. 

MIIII.111•21MORAIL la•••••••■•MOIROM am.: mi. 

1) pp. 34-36, 48-49. 
0 



jai ths fish experiment each individual was swimming in a basin 
containing its nest, and under vtrious conditions the time points 
for its swimming to the nest and for its leaving the nest were noted. 

In both inetnncee the behavior of a subject vacillates between 

two possible states - looking at self and looking c.way from self, 

staying at the aest and staying ava$-  t• the nest. 

By way of an exanple the sequence of time intervals in which a 
student (abet) looked at and looked away from himself is 3iven in 

) 
table 7,

1 
 and in fig. 3 these intervals are plotted against the 

observation number. As the two sequences of points, plotted upwards 

and downwarde, look rethertirregalnr - and, as a ratter of fact, we 

*Amid find 	seme sort of picture in case of the sticklebacks - 
vs re going to conceive the ehangee in behavior as a sequence of 

random events, 

When attempting to giye'a description of such sequences we ehali 

set out from the are mode:Las- before n the Poisson process with 

oonstant intensity, bat as the Observationa are now time intervals 
we nsve to shift over frog n numbers to durations as random variables. 

This is fairly easily dnne. In fact, the Poisson Law etntes 

for a = o tbat the probability of no oecturence during the interval 

(o,T) .is e 	which, then, is aloe the probability that the duration 

t of en occurtence-fee period exeeedn 

(4.1) 

Accordingly 

(4,2) 

wed fartbneencre 

(443) log3eg(1/P(t1)) logA 41► 8T 

low ftomtot12',  7 wsl nA7aDoplie t distributions, one of 

periods in which the testee looks at hlmself, one of the periods 

when he is lookinF neiT fnom himself. 2he corresponding cumulated. 

dlettthatione,enee4ted from the,  top, are slam shown in table 8 a, b. 
• 

1)..GB:4.17exilftelluetAJ 790. 



Clearly, the relative frequeney of obeereed t's exceeding any 
given T, HOITI, IT being the number of observations; will estimate 
the corresponding probability (4.1), i.e. 

(4.1a) 	 HN ftaT) *.?e-xT  

_and consequently 

(4.3a) 	loglog( 1/Hri ft?1))z.,..logA -tioe t  

in so far acs the Poisson process holds. 

Accordingly the tablesalso include the loglog(1/HN)-values, 
to be plotted in fig. 4 	against 1og(f-1/2)x) . It is seen that 
we actually get , points which - in agreement. with (4.30 fairly 
closely fit a straight line with unit slope. 

The sane sort of result is obtained from a distribution from 
the ationebaok.experimemta as deg onstrated in table 9 and fig. 5 

Consider, however, another couple of selected oases, one from 

each experimental series, cf. the tables lo and 11 together with 

6 and 7, Again the points oluater around straight linee, but now the 

elope for the stickleback -unquestionably exceeds 1 and for the stu-

dent it is clearly less than 1. And those two cases are in tact 
typical for the. two seta of dataa 

Por the aticklebacks we quite often find a slope of 1, but 
equally often it exceeds 1, and only in a few exceptional instmmes 

the slope is < 1. 

For the etudents unit slope is also often found, but more often 

it differs from 1 and then it is regularly < 1, with only 3 or 4 

exceptions out of 8o curves. 	° 

Thus we have reached at an empirical modification of (4,3a), 

namely 

(4.4) 	loolog(1/11NitITJ)%.1og4-clogT • • 
where a is some positive parameter which may vary both within and 
between individuals. 

1777,casta.red in sec's, is taken to cover the inter•-al 
(t-114, 



us  _ 

The Poissonprocess with time-de-cadent intensity,  
Going back from (4.4) to anti-anti-logarithms and formalizing 

frequencies to probabiliies we get as a substitute fur (4,1) 

(3.1) 	 P ftlij 	e-'1 Tc‘  • 

In c. certain sense this cumulated distribution function may be . 

hold to be of the same type as . (4.1), of which it is a generalization. 

The only, but distinctive difference is that - the time t is row measured 

tnequidistantly through the transformation into a Dower t a . 

On differentiating (5,1)  we get. the distribution function ' \or 

probability density) of the duration t of a state: 

Fig, 8 illastratesthe 3 possibilities: 

When all short dura'icna ere relatively frequent - the upper 

bmach of the curve receding to cc as t approaches 0 - but 1.,xge 

durati,ens may very well ',:lccur 

for a a 1 pi ti tends to o. finite value (A) when t--->0 ond it 

aecreszes monotonically - in fact exponentially - with increasing. • 

finally with 01 pft) tends to 0 as t--->0, so that email 

durations are relatively infrdquent: a maximum is attained eomewhere 

- depending in a compleN way on A and a b  and larger values of t are, 

of colvse, getting rare. 

So much for e. dcsciption of the distributions. 

Now divide pflt), i.e. (5.1) with T replaced by t, into pjtidt 
tcobtain the oonditi 	_probability that the state chang .  between 

t and tJedt, provided it has,alreaily lasted until t. 

This leads to the general .  definition of the intensity function. 

t4logPi,ttl 
(3.3) 	 .11(t) 

4it!  

vhich in the Poisson. process wao . constant (=A), Ifut j_n the ,7k-.se now 

at issue. it in proportional to power of the time already spent by tilt: 

individual in the state considered: 

mxs 

• 
(5.4) 	 .W (t) 	Aat - 

The three possibilities a c l are illustrated in fig. 9, 
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The implications of this type of dependenee.are that for a>1 

- as often happens in case of the behavior of the sticklebaeks tae`; 

probability of a change in tho next moment increases with the duration 
of the state. or a<1 - . as is often found in the self-confsentaion 

of the Harvard students - the probability of a change is lssse o • 

begin with, but it decreases the longer the state has been endured, 

In the intermediate case, a = 1, which :trequentiaboth inssetisaione, 

the probability stays constant, irrespective of how lens; or how'sbe:et 
the state has already lasted. 

G. Criminal careers. 

The technique developed in sect. 4 has tentatively been applied 

to the etudy of criminal careers - collected under the direction of K.O. 
Christiansen 13: of Criminalistic Institute, Copenhagen. 

Usually such careers arc based npon the dateS.of the sentences 

and the periods of internment, However, for a special study on the 
criminality of twins also the dates of the offenses on record were 

ascertained* 

Inn - taole 12 and fig. 9 a. ease with an cxeptionally large number 

of sentences and offenses is analyzed with respect to the model 
suggested. The data are the net periods (in months) between sueces!ive 

sentences and successive offenses, respectively, the ,res. periods • n 

both cases being reduced forintervering internments in order to 

obtain the periods of exposition. 

In both records the points cluster rather closely around k - sight 

lines, aid the sane result has been found in some 4c careers thrSG 

were substantial enough for an analysis of the distributiere, 

Accordingly it seems worth while to take the model (5.1) as a 

basis for the analysis of individual criminal careers, else .7(1 the 

majority of cases where there is only a very limited nember of sentences, 

In these cases, of course, the gesaphical control on. th:: nes7a. breake 

down, but a numerical estimation of the parameters may be based on the 

formulae for the mean value (or expectation) and the •arianee of lorett 

(6.1) 1 ,,,,t4  , , L 	 a 

and 
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ydenotes Euler's constant = 0.5772. 

An analysis of a rather large body of data is now i71 progress. 
The pilot study on the lo twins leaves the impression the:: the slope 

a of the line is usunliy less in case the offenses have been recorded 
than in ease the sentences only were available. This hobs 

and it may be added that the estimateofaonly in a couple of offense 

records exceeded l.00 while a>1 is considerably more frouent for the 
sentence records. 

7. Discussion. 	Prorlily_ad_exertion. 

Changes in the situation of a human or an animal being ma .,) sometimes 

be deberibed as a sequence of random events, irrespective of whether 

the changes just happen to it from outside sources, such 	cosmic 

radiation or telephone calls, or they appear to be deliberate actions 

on the Dart of the individral 

In studies of accidents the term "proneness" suggests disposition 

of the individual to. get into trouble. However, when t ,71e gils in the 

ammunition factories (cf. sect. 2) were shown to be subject 	accidents 

at a markedly different scale it might, as far as the observations and 

the model go, just have been due to differences in the dangeroutnesb 

of their jobs. 

Furthermore, when it is shown that the individual risks for the 

shunters could be assumed to keep constant throughout 11 years 	lays 

near at hand to assume a certain constancy in the working cenditions 

of each shunter and, accordingly, a certain constancy in his hallAts, 

when shunting. But other possibilities may be feasible. 

The London busdrivers apparently changed their proneness just after 

the first year. of observation while it stayed constant for the nxt 
four years. In this connection it would seem natural te think cf some 

common change of the external conditions, while each driver stack tc 

his own way of dealing with traffic troubles throughout all the five 

years. 

Altogether it would seem sensible to distinguish between a propQrt:,. 

of the person, his "pronity", and the "exertion" to which he ic. expo:;ed 

through the. external conditions, both of them making up his apparent 

"proneness". 
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In case the Poisson
) 
process holds we may, in analogy to models 

used in test psychology
I 	

try to split up the intensity, hyi , 

for individual no. V in situation no. i into two factors: 

(7.1) 
	

Avi = tvei 

where prefea's to the individual, e i  to the situation. As the . 
intensity increases when t v er e i  do so, we. may take these parameters 
es formalizing the pronity and the exertion. 

For the shunters (7.1) specializes to 

(7.2) -te 	A = V1 - V 1' V2 	ve t 

where el  and e 2  are the (relative) exertions of the first 6 and the • 
last 5 years, and we have found 

(7.3) 
	

el °-* e2 

as a tenable hypothesis,with the conclusion that the exposition of the 

shunters was largely the same in the two periods. 

For the London busdrivers we have 	already in (3.3) employed 
the splitting up (7.1) of Alji  and we only have to recognize the els 
of sect. 3 as the exertion parameters of the three periods considered, 
In this terminology our results may then be expressed as a constancy 
of the exertion during the last four years, while. the exertion for 

some reason was some 17% higher in the first year. 

The separation (7.1) of the intensity into pronity and exertion 
became decisive in an analysis of the records of disciplinary measures 

- 	) 
and other sanctions toward conscripts in the Danish navy.

2 
 Each conscript 

serves his term at two or more places which may have rather different 

traditions for penalizing breakings of military and civil rules. For 
the appraisal of a particular conscript it therefore ought to be taken 
into account at which places he served his' term. On the other hand, 
when forming a judgment about a particular place it should be considdred 
which sort of people its officers had to deal with. 

Both points of view- were allowed for when applying the Poisson 

process with the intensity (7.1) where we may now think of 	as the 

"attitude" of the subscript to the disciplinary rules of the eavy, while 

s i stands for the conditions of the place, including possibly both 

Irmaw@1777- , in particular pp. 16, 41 and 75. 
2) Study carried out in the Psychological Service Group of the Defense 

by Eggert Petersen and the author 
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how inclined the commissioned and the non-commissioned officers are 
to using what disciplinary means they have, and how inviting the 

climate of the place is for breaking the rules. Or to neutralize the 
language:The nronity-for breaking rules etc. - of the conscript and 
the exertion of the place. 

As the conscripts serve at different sets of places the analysis 
of the data is too complicated for a presentation on this occasion. 
But, in fact, it became perfectly possible to estimate the parameters, 
and to check . the model as well. 

In the two behavioral experiments of sect. 4 and in the criminal 
oareer:e of sect. 6 more detailed observations were available, viz. the 
time intervals between the critical events in question and thus a more 
thorough probing of our model became feasible. As a result we had to 
generalize the model to a Poisson process with a variable intensity, 
at any time depending on the duration.until then of the actual state,. 
but still assuming independence of any previous state. 

This type of Model seemed fairly acceptable to psychologists with 
whom I have diseussed the Poisson process as r  passible model fer the 
time aspect of behavicr. They found it sensible enough-at least in a 
first approximation to assume independence of previous experience when 
trying to account for a lot of both animal and human behavior. They 
added, however, that extensions into dynamics would be desirable in 
order to cover situations where learning, adaptation, etc. are of 
importance. 

But my psychologists were more reserved towards the idea that the 
probability of a change in behavior should be constant, indifferent to 
everything. On the contrary, it was suggested, as a rule of some 
generality, that the longer a behavioral state has been endured, the 
more unbearable it becomes (e.g. when staring somebody into the eyes). 
The opposite rule has also fields of application, as in quick adaptations 
to unpleasant situations (e.g. when getting a finger into water that is 

a bit too hot). 

Adopting, then, the generalized Poisson process as a modified mo-
del, the intensity at.any time is taken to be a function, e!(t), of 
time, reckoned, however, from the last critical event, not from the 

beginning of the record. 

In continuance of the previous terminology we may signify e:(t) 

as the prealty function of the individual under the eircumstences 

considered. 
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In the three cases in questian the pronity function could be 
described in a very simple way, viz. as proportional to some power 
of the duration: 

(7.4) 	 Mt) = Aatct-1  

(cf. sect; 5). As regards a(>0 we have to distinguish between three 
principal cases, cf. fig. 9 of sect. 5; 

a>1, of narabolja_pron.i_k., starting from nil and increasing 
indefinitely with increasing duration; 

a<1, of bziextflic 'oronitz,  infinitely large at t = 0, but 
gradually diminishing tawards 0 as tine goes on without 
the change;  

a=1, of stataionm_Ermax, invariably the same, irrespective 

of how long the state has so far been endured. 

Stationary and parabolic pronities prevailed in the experiments 
with sticklebacks; while 4ationary and hyperbolic pronities prevailed 
in the etse of the selfeconfrontation of the Harvard students. 

To this observation it may be briefly commented that the reduction 

of the pronity in the hyperbolic case taa, be due to an adaptation 

process - as getting used to look at oneself - while the increase in 

the parabolic case Day be effected by a rising craving of sexual 

origin as it possibly happens to the sticklebacks when turning to 

the nest. • 
However, consIaslam like that cannot be reached at from the data 

and the model alone. In particular such interpretations would seem . 

unwarranted in case of the criminals of sect. 6. These we might rather 

think of as making a living out of their crimes, often with littDe, 

sometimes with a larger return - which easily leads to an apparent 

hyperbolic prcnity for offenses. On the other hand, an acaunul: , tion of 

•offenses increases the risk of getting caught - and this nay very well 

lead to parabolic pronity for sentences. 
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In concluding 	add .:*,a word to - the wise: All models are 
tcmporary, no model is true. Not even Newton's claSsical lawaion 

mtter and motion hold against all sorts of data 

Thus it is quite possiblethat - pronities in wee of accidents 
and also in case of sanctions toward conscripts in the Danish 117vy 

are in fact far from:constant, that future investigations may load to 
models like those of sect. 5 say. What we have shown is only that 

the attempted analysis of the data in hand did not disclose deviations 

from the constant pronity. 

Pu..etherMore the experiments in behavior and the criminal careers 

lead to a simple type of pronity functions, but it is quite noesible 

that a different function in the long run serves the data better. 

\nd finally.  the assumed idepende .leo of the durations is al se 

open to dispute. As a matter of fact a closer scrutiny of successions 
of durations as exemplified in fig. 3 has suggested a deepening of 

tn problem in this direction, thus. opening up en empirical c.pprpc_ch 

to more dynamic studies in behavior. 

Altogether, the results as presented here by no means pretend to 

be final, and the models may have to be replaced by some other ones 

tomorrow - that matters little. My main point is that by now lt 
seems worth while to investigate some aspects of behavior in terms 

of stochastic processes with a continuous time vatriable,rof which 
class of models the Poisson process is the very simplest. 
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FIG. 2. 	• 
b. .0onditIonal mean square of 
number of accidents in first year 
compared to variances computed 
from eatimated pronities. 
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Accidents of 166 London buedriveref in 1 + 4 years. 
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Table 7. 
Harvoxd student Haber. Second series. Sequence of time intervals 

looking at and away from self. 
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Harvard student Hiber. Sec0nd Rories. .Distributicno of time intervals 
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62 12 .50 2.0 

65 99 .5o 3.2 

97 118 .7o 1 26 o.000 
42 72 .90 .9 1 25 .o17 2.23 
27 47 i.lo 12.6 0 24 •o35 .54 
36 81 07; 0  2o.o 5 24 o35 .54 
38 59 .5o.►  31.6 

7 19 .136 1 ,13 
21 57 .70 5o.1 6 12 .336 ry  

0)) 

.98 79 .90 79.4 6 6 .637 .8o 
lo4 2.10 125.9 

23 42 
41 Tablelo, 
21 Stackllibo% 3. 2 A lo. 	1962*  22 Xi; 13 29 . 

Away .from nent. 
pC 

4 



2.5 noco 

.4o 
6 ,143 -;.2r15 .  

3 :JO 
44y, 44, 

0 .222 .35 

0 12 .319 .5o 
7 ,B8 12 -:519 350 

7 ..55 • 

.98 9 ,444 
3 .495 

130 v •••••14 4••• c 00 	■ ,/, r".0 0 	.9 	0444,a4 O• 3•••••• .4 	• 9 	GM i •A• 

1.22 
2.7 

3•24 .74 

t. 
'7 .553 

3.9 1.1;9 . .(2* .79 

1.3,i .C59 .34 
2). .0:93 .54 
22 441,14 , 1 ,79r5 .90 

.1.47 00d4, 0 S 4. O 0 0 ,7•04, ..044 .44000 

V.S06 • • • 4• 

1.53 40-4 . 46 
3 

0004 , 0 
• 921 

0.•4•4040 
.95 

C. 	4. 

60 0 0 

6C6OV 

1.6o 60061 0•0). 
J.4097 
ileCOooTs 

o.s4 
4 4 04 • 

• • 3 6 

L.398 	.15 

Tatle 
1.1mrvrd. stmolent 011d 	Pirst series. Lookko6 at 8elf. 



o,3 

o,5 

0.7 

0.9 

let 

1.5 

1.7 

`.L9 

a Or 

.loat 10 log 

0,fj 

1,3 

3.2 

5.0 

709 

126 

2r),O 

31.6 

50.1 

79.4 

Z.. 	L76 	27  

	

L76 	22 	1.35 

	

13 ,76 	39 n 	1.46 

	

1.-8 	13 	1.50 

	

7..T1 	15 	1_59 

	

T..42 	10 	T.75 

	

1.76 	5 	1.9 4  

	

.C9 	3 	0.04 

	

,7.34 	1 	. 	0.20 

	

0.14 	1 	0.20 

eoo 	 • o.6o 

Table 12 
• 

_Evaluation of the criminal records of twin no. 415 a.  
t = net periods between cuccesaive sentences (3) or oiienses (0). 
= cumulated abstAute frequencies. 
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