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Mathematical Model for Estimating Response Patterns to Mail Surveys :
Inspection and Improvement of Huxley’s Exponential Growth Model

Hideo HAYASHI and Harumichi MURATA

Abstract
Although much has been written about various facets of the methodology of mail surveys, the purposes of most
such studies have been to throw more light on mail surveys by showing how to get a high rate of returns and the extent
to which a high return reduces bias in results. The general problem of analyzing patterns of responses to mail surveys
has received relatively little attention from survey analysts. The purpose of this paper is to provide a statistical method
to analyze the contention that response patterns to mailed surveys are stable and predictable.
Seventeen different mail surveys that provide records on daily or weekly returns of questionnaires, covering
different subject matters, time periods, and populations surveyed, are examined. On the basis of this analysis, it
is concluded that the specific mathematical function model that best fits the pattern described is the improved
Huxley’s exponential growth model: R=N —ab'c*d" (R=number of responses accumulated by day or by the end
of the week, N=number of questionnaires mailed initially, t=elapsed time in days or weeks, and a, b, ¢, and d
are parameters to be estimated empirically). Though there is some difference between the actual and model ogive
curves before the maximum point of the first wave, subsequently, the conformity is surprisingly high and overall
conformity attains R*=0.96 ~ 0.99. The major contribution of our study is the discovery that various response patterns
are attributed to the specific mathematical function model and the success to validate it across a great variety of
respondents.
Key words : mail survey, non-response bias, response rate, cumulative return rate, response
patterns, stability of response pattern, predictability of response pattern,
exponential growth model
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HEAAEICB T2 REHROHERIICEBL., WHBR ERNEFE LT - 72013 Lindsay
(1921) TH5%, Ziid, MEREORELZA LI CIMRNLBERNSIA I T72MB
EEHME LERRMRTH 72, UbE, —fICHY SN TWEEE RO FEIZ. B
MERALLCERICE 1IEEOBMERZRAL., Z0%, Hk. MRZEAT 258 2HE.
FEIMEOBREZEYET L W) bDTH-72, #Z T, Lindsay (3. BMEDN S 1 2 v 7 2iRIE
B BRL (ERICEH 1 ERBEMLNEIMENRIL) 2 RTHITT 5 2BEOMB L HiE:
ZEL., ThoDFMEREIEL T 5,

ZD—203, BMEEZHERAL Thr ok, BIMERICH - 2R ERIRICHED LI RER T
F1IEENBERE RBA L, BIRIC & » THINCER L 72RERIBURM LR 2 thH 12k m
TE2HEOEERREZRZT 2 LDT, FARLERZ RERDBAEMPBER,»IT% 5 X TH
N W) HETH S, Figurel i3 Lindsay DHXN 757 1 2 63|H LA 0T, BEK

Figure 1 Effect of Follow-up Letters on Ques- Figure 2 Effect of Follow-up Letters on Ques-
tionnaire Work (by method 1) tionnaire Work (by method 2)

Returns

12 21 28 4 12 2 6 14 4 12 21 28 4 12 6 4
January February March April January February March April
First Second Third First Second  Third Fourth
Letter Letter Letter Letter Letter Letter L. & new forms
Note) The numbers on the figure indicate the Note) The numbers on the figure indicate the
total number of cumulative returns during total number of cumulative returns during
each period of time. each period of time.
Source) Quoted from Lindsay (1921), p.304. Source) Quoted from Lindsay (1921), p.306.
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Z7:BETOMM%EE 1 (first wave) LA TW 5, RICZDREE TOFREREZEDHH iz
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FLl, 2L T, BMIIC, BEAATICBITHRREEINREND L LEBEHICIANZZHB L.
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W, ZFOERARK 2Bk (last wave) & L7z, ZOEEFR. £ 1HEOKREH16.8%. F2iKD
RIEH34.1%. BRRIEDBEHIT.2%%21F T3,

BALREHEOMBELEERT EILICE>T, 2 R—ENRUNNZL Ny — 2 REL,
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Table 1 Day-By-Day Cumulative Returns of Nine Mail Surveys

No.Days 1 2 3 4 5 6 7 8 9
After April May Jan. Nov. Dec. Sept. April Dec. Nov.
Mailing 1946 1947 1949 1944 1944 1948 1948 1946 1947
l - - - - - - - - -
2 - - 1.5 1.7 * 1.2 1.6 0.6 1.0
3 0.8 2.2 7.8 * * 7.8 5.1 3.8 6.5
4 7.4 6.9 17.9 * 8.4 * 15.2 15.8 *
5 * 25.0 * 32.1 21.1 * * * *
6 * 46.6 * 43.7 32.7 41.9 * * 48.7
7 49.2 58.7 60.1 56.9 54.9 49.2 46.3 58.2 55.6
8 57.6 * 69.4 69.0 69.7 57.1 52.0 64.1 63.3
9 71.2 * 77.8 77.5 * 64.6 58.4 71.5 69.5
10 80.9 73.4 83.5 * * 71.7 66.0 76.0 73.4
11 85.8 79.4 87.8 * 84.1 * 74.4 79.5 *
12 * 84.4 * 91.6 87.2 * % * *
13 * 87.8 * 92.5 89.8 84.8 * * 88.3
14 92.2 * 94.2 93.8 92.9 87.2 87.8 85.6 90.6
15 93.8 * 95.1 95.8 95.4 88.6 90.0 86.9 93.6
16 95.0 94.7 96.1 96.4 * 91.5 91.8 * % 97.3
17 96.2 95.2 97.0 * * 93.2 93.6 90.1 97.9
18 96.8 96.3 97.7 * % % * 95.3 90.5 *
19 * 97.1 * 97.8 99.1 * * * *
20 * 97.8 * 98.3 99.3 96.4 * * 98.8
21 97.9 * 98.6 98.4 99.7 9.8 97.4 93.8 99.1
22 98.4 * 99.0 99.3 99.8 97.4 97.7 94.6 99.4
23 98.9 99.1 99.2 99.8 99.9 97.9 98.3 * % 99.7
24 99.4 99.2 99.4 * * 98.6 98.9 96.9 100.0
25 99.5 99.3 99.5 * % * 99.3 97.2 *
26 * 99.5 * % % 100.0 * * * *
27 * 100.0 * 99.9 99.7 % *
28 100.0 * 100.0 100.0 100.0 100.0 100.0
Total
Returns 2783 1417 4750 1435 1513 1948 3334 2222 673
Per Cent
Returns 70 71 81 72 76 65 67 74 67
Initial
mailing 4000 2000 5864 2000 2000 3000 5000 3000 1000
Subject Radio Tz‘;:t' Clothing  Food Food Travel Variety Smoking Travel

Note) *Weekend, **Holiday. 100 Per Cent=Total number of questionnaires received in four weeks.
Source) Adapted from Robinson and Agisim (1951), p.422, Huxley (1980), p.66.
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Table 2 Average Day-By-Day Cumulative BHSREROTRIRHAEZ2ITLY 287 v 4
Returns of Nine Mail Surveys , . .
IVTEMAZILIZENT LY LT BRAI.

No. Days After Mailing Per Cent
) . 9 TIZ Robinson and Agisim (1951) »#FZ%ic
2 1.3 R 575, Robinson and Agisim i3, H3E3 4
j 1‘1‘:3 B19444E 7 5 19494 12 0 1 CIN BB # MBI E
5 26.1 HL22REer—ERICHET % 9BOMEFE
° 21 DT A BERIERE RIS 4R, S
8 62.8 WCE—FD/F = HHBL LW LR RV
0 o LTv %, Table1 i3 Robinson and Agisim 0
11 81.8 oz HDFEICEIT 2 BEEEROMD
- o %t#, Table 2 (12 DFHEERLIELNT
14 90.5 % %, Robinson and Agisim (. ;R{EN 7%+
o o MEH. HEEH. #LH O RFCESE L KIEME (%)
17 94.8 ELTH/R-TEY, BHFEHEZFET 25A
o o b RIBEZ BV AR THRLTWS, £ 25T
20 98.1 Table 1 &7 —# IZIIBRICE LU0 <
3; ggg ONPRLNEZLETFOIELTEE 20, 72
23 99.1 &2, 19474 5 B Survey 2 D108 B A &
;; 33: BAEN LS ot - BEHRATH5 HhH o~ E
26 99.8 FEHA4H L7200, 19444E12H @ Sur-
3; lgg:ﬁ vey 5N19A H2 523BHN & 5 14« Hic#
Note) 100 Per Cent=Total number of ques- BAR TG, ROL - BITH4AD
tionnaires received in four weeks. AHREELIAHPHRERIZE-TWSE, 512,

Source) Quoted from Robinson and Agisim (1951),

0423, Table 2 D #fii & Table 1 % SEE S L7238kl

IZLRRY HEA PR 6, 2 i2i30.5% itk
DEVEVERTENL H 5, #HEEVD» B
TDPiEbPrbnh, TITRRET—FICFEMIAI Lk MiiEDHBL I Licll,
BAGRERZHEE LA, BREOREB » 582 THEWOD 7 BLIMNIZ50% 4 560%.
2 BELIMICIZIZ90%., 3 ERLIAICIZIZI00%E AREIN B Z L2 6, BAFAEICET S
RO, A0 BMEEZREL TH L 4 BAFETHAELZIT 58 - T HHE% v & Robinson and
Agisim (3FFRL T3, /2, 6 IHNBMEAFERERZ R LMY | REN/¥F — L 3EH
B> TH Y, BREZERL T L HBFEDRERICE YW THRMARERE EREICTRT
AL LARHEETII L W ERRT WS,
Cox (1966) 3. _EEE® Robinson and Agisim NEEFAENERICE L. Zhor stz
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AR = LRSS EHBRE 2R L LTE), #AEATIERPT-EX
2B 2B ETE (consumer survey) TH 2 & z2BEIc, ZnF—2 75Tl RfE/Y
8 — » DBAERLHIAD B B OEERILICED  BFRERDO TR % £ NIRRT+
ATHLEMHL TS, ZLTHLIZ, HMBELFAEMREL LT, AR, BRA7 7
R F—Ze ¥ OTERMRRY —EXIZHET 5 6 BOEEXFAE (industrial survey) 2ERB L. 21
& R{E2¥% — % Robinson and Agisim DB EHBENHE R L HERFT L T 5,
Robinson and Agisim 12 & 2 9 OEEFE L., Cox I2& 2 6 MOHARENEREZHAIC

Figure 3 Cumulative Returns for Nine Mail Surveys of Consumer Coods and Services
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Source) Based on the data collected by Robinson and Agisim (1951), p.422.

Figure 4 Cumulative Returns for Six Mail Surveys of Industrial Goods and Services
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Source) Based on the data collected by Cox (1966), p.394.
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HEBLRTWES I, ZNEFNDBREEREFMEEXRL 720 DA Figure 3 5 & U Figure 4
Thd, kB, TNHORTIZ, HBROFEHE L, REEERNEBREBMRERELTH S,
% 7>, Table 3 (3 Cox DFRXIC L % 6 BOEERAENE 2 DRHRERERLLINTH 5,
Cox (3. Robinson and Agisim ? 9 OHBEHAEL B 60 6 MOEERENKEREREMIC
e 2 BT, MATEDZNFNIIOWT, 2Fk2—20HAETL RL L2 RERE

Table 3 Response Patterns for Six Mail Surveys of Industrial Goods and Services

Days after Per cent of total returns : Survey
mailing 1 2 3 4 5 6

1 0.8% 0.0% 0.0% 0.0% 0.0% 0.0%
2 23.8 11.3 4.7 1.2 0.0 35.5
3 47.3 25.8 10.6 1.2 9.0 53.5
4 56.3 51.3 26.5 8.9 36.0 64.0
5 66.0 66.1 49.0 22.5 46.0 68.0
6 68.8 72.9 59.1 51.5 60.0 68.0
7 70.8 79.2 72.1 69.2 62.0 69.8
8 75.7 82.1 76.9 82.2 62.0 73.3
9 79.5 84.2 80.2 87.6 82.0 76.2
10 82.1 85.3 87.6 87.6 86.0 79.1
11 84.9 86.8 88.8 93.5 93.0 81.4
12 86.7 88.4 93.3 94.7 97.0 84.3
13 87.5 89.7 94.2 95.9 98.0 84.3
14 87.7 91.3 96.9 96.4 98.0 84.9
15 89.8 92.4 97.5 97.0 98.0 91.3
16 90.5 92.9 98.2 97.0 100.0 93.0
17 91.6 92.9 98.4 97.0 — 95.3
18 94.9 93.7 98.9 98.2 — 95.9
19 95.7 94.5 100.0 98.2 — 95.9
20 96.7 95.5 — 99.4 — 95.9
21 96.9 96.3 — 100.0 — 98.3
22 97.4 96.6 — — — 99.4
23 97.7 96.8 — — — 100.0
24 98.0 96.8 — — — —
25 98.2 96.8 — — — —
26 98.5 96.8 — — — —
27 99.0 97.4 — — — —
28 99.0 98.2 — — — —

more than
28 100.0 100.0 — — — —

Total

returns 391 380 446 169 100 172

iisem“se 30.3%  32.0%  22.3%  30.3%  26.1%  53.1%

Base 1290 1189 2000 558 383 324

Source) Adapted from Cox (1966), p.394.
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# (total return rate) »IEHEREEHEM L, %EZHE TR LATHMEK (coefficient of
variation) 2AL T3, £ LTI OREFRERNMEM LTV XIOKREIZILBLL
D, BEREROLEMEFANILHOICEETH), mlLBRNIA IV 7ERETHET
KB ZLREEICE ) ) 2 LBRT W2, BAEERDZNZNDOLERREREZRLER
#* Table 4. [EHEREE & TEMRE % KR L 72455 Figure 5 $ X U* Figure 6 T» 5,

Cox 3. WHBEFETIZ7THBCEMEE KL T2 &5, 7HE & DHEHTEEK

EFHTHORBHATIE LV ERRTWS, T, KEMREKIZ8 BHH.

Table 4 Total Cumulative Returns for Nine

Consumer

Surveys and Six Industrial Surveys

Days After Nine Consumer Six Industrial

Mailing Surveys Surveys
1 — 0.2%

2 1.0% 13.1

3 4.5 26.1

4 11.8 41.9

5 16.2 56.0

6 24.1 64.8

7 54.4 72.3

8 62.4 77.1

9 69.8 81.4

10 76.1 84.8

11 81.1 87.4

12 82.7 90.0

13 85.0 90.9

14 90.5 92.2

15 92.0 93.8

16 93.7 94.6

17 94.9 95.2

18 95.6 96.4

19 96.0 97.1

20 96.5 97.7

21 97.6 98.2

22 98.1 98.6

23 98.5 98.7

24 99.0 98.8

25 99.2 98.9

26 99.2 98.9

27 99.4 99.2

28 100.0 99.3

More than 28 — 100.0

Total Return 20,075 1,657
Response Rate 72.2% 28.8%

Source) Quoted from Cox (1966), p.393_, p.395
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Figure 5 Analysis of Total Cumulative Returns for Nine Consumer Surveys

—e— Standard Deviation
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Days aftermailing

Source) Based on the data collected by Cox (1966), p.393.

Figure 6 Analysis of Total Cumulative Returns for Six Industrial Surveys

—e— Standard Deviation 1
= -0~ - Coefficient of Variation

U~- 6.8 6.1 3.8

-on X X 4.2 4.4 49 )
O--~o--l- 3.2."'%'9"._0-.--o'---o-T'BO.":'%S

2 3 4 5 6 7 8 9 M0 N 12 13 14 15 16
Days after mailing

Source) Based on the data collected by Cox (1966), p.395.
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Figure 7 Total Cumulative Response Curves for Mail Surveys of Consumer vs. Industrial
Goods and Services
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Source) Based on the data collected by Cox (1966), p.393, p.395, p.396.

2. Huxley 12 & 5R[E XY — DEEET N

HRABICBIT2RE S — L DKL, BIROMENZL S 4 32 7255 B TEERD
kB ZALiciE B L7 Lindsay (1921) Of%Eicthi$ ). Robinson and Agisim (1951) I2& %
HEEFABEOOIIC L > TREC—ENVHRUNZL XS — bbb Ll A3 ni, £
LT Cox (1966) iZ. #DE¥XFHEN#EE % Robinson and Agisim |2 L 3 B EHEHAENHERL
b, HERHFEREACGRECMAELEZ ERMICHNT S LT, AIERICH>TR
BLTITLNIBERREEADTRE L 7 4 3 v IRNEN L EEME 2 L 2MET LTV 5,

L2 L%h s, SNHNHETIE. RIE XY - DHAMECEEET NV ZEFNIERT S
FTIREE-TWwE W, BRFEICB T LRG99 — 25, #EE, AEEF. RAENRE
NEH. FAENT—2XNE. HLOAE, REFAHFHLUFOEROEENL ) 23T
ZERNDBEERZT 72012, EBROBFHICH L THEMEEREZTRTLI L3H L& Cox
3BT 3,

WARWALEEND D L TERINBEAFAENBRERERNOMB LY, XTA—F—2&
Z BT TR BEIC T3 H 244 [ LBKR 2729 2 L 2 &BMICR L7293 Huxley (1980)
TH o172, Huxley (2, LREFICRIZTMIRIBMAEIEICH > T, BIE 5 — ITI3EARNZL
HHEETFNHEEL, ZIUBREIHEZ > THALOBER L W) B—D R ERTHATE 5]
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EVWIREND &I, BEOWMETHLLICENAZBIRERNT—2 2ABIHTHT, 20
RKEAITECKETEATIEEE N E LT, UTRARTHREIREBELE 71 (exponential
growth model) ##&RL 72,

Ry= N — GBt wvevesesersesensssseseieseiest sttt 1)

R.= t BA%DBEREK

N=4NE RN FEEEK

t =B E LN HE Lo E B OB

a, b=EII-TELIHEEK

BHEEFNALRNNCBIT 55 abtid, t BROKRERTH 5, Huxley i S hid, a3y

WMDBRMDORBREBRNNDOKE X L > THE b 5 scaling factor TH D), BRIICEELERITD
727t b IIEBN LR TR EELBEREFORET, B LORRERDELNE]
AEELTWD, HEBEDOKEEHESIAANING BTHEZ L, 2%, RREEHFEAH
D1001—0)BTOWMPLTWB I LE2EKRT 5, 256 3. [FAENREHIBEMKZRET S
CENDEHNERVERDLTHE] LBRTE, 0L 10HICH-> T, ZOEEA 1 ITHEY
EERREBEY»EL, LD > TREREIEC., 0 ITEVWIZEREEREL» DL, 2RIZT
REREFENT L% 5, Huxley (3. & D1R¥E# resistance factor £ ZFiT T 5, HHE
EFANRDZEF L2 (N—R)=ab!DWBN BRI EZ LB LUTORQRN LS 2% 5,

Table 5 Cumulative Weekly Returns

Number of Return  Proportion of total
Week
returns rate returns by week

1 5 0.1% 0.2%
2 100 2.3 4.5

3 649 15.0 29.1

4 937 21.7 41.9

5 1,194 21.7 53.4

6 1,330 30.8 59.5

7 1,523 35.3 68.2

8 1,659 38.5 74.3

9 1,738 40.3 77.8
10 1,918 44.5 85.9
11 2,067 47.9 92.5
12 2,121 49.2 94.9
13 2,177 50.5 97.4
14 2,205 51.1 98.7
15 2,214 51.3 99.1
16 2,228 51.6 99.7
17 2,234 51.8 100.0
N 4,314 100.0

Source) Quoted from Huxley (1980), p.64.
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log.(N—R)=ct+d 727°Lc, dIZERT. c=log.(b), d=log.(a) - (2)
Huxley (3. log.(N—R)»t D—kBEAHKE L GEUTEZ I LERWHLADTH 5,
Table 5 (2. Huxley #*B &DRIET 3 HHEEF NV RN)DRIEICH W HEAHAENT—F ThH
3, CORABRA—ZRISVTNDIL4 =2 X5 FINSRDOPKRIZEZZ T TIIT3E LT
N2 DT, #NERBNBRMOBRFEHOMBOFIEE N TEITEETNVEERT S
Li2h ). EEMBRITFMAOREER 3 AL EOBESEL SURTH > 7, BIHEIR 4 <~V T
HY., TONERELENFLE, REEK KEMZ YL E2M) 0T, HEREZ I, &L
AWFEAILLEBZ L LT, REAHBEICHAT S Z LA KD 57z, Figure 8 (3 Table5 i

EOWTER SN REEERMBRTH 5,

Huxley (3 ¢ #MALEHK. y=1Ilog.(N —R) 2 EBREK L LHHEFREEZ. (FIZIE, HMOX
1<t <3, kORXMIZ1ISt <4 Lw) &9510) REZEIZiTW, 2REDEFRD
YT ) OBRELRTRERE 7l (EBERY DERE L L TIIHERERICLZ YD
FHIE 5 £ O Pearson DIERMRLE 7 D 2 F) 2 KD T 5B, T/, ¢ &V HIFEHEERZRICE
WD F D 2=0k W IRERE 2 AESTIC L > TRE L. LT REZ LIk 2n e
DREGRE rMENE BAXKELZEH LT3, Huxley DHRXTREBERENERNAHIIRE
LT 525, Table 6 (2 Huxley %17 » 72BUE AT 2 bbb NAER LICERER L2 L DT,

Figure 8 Cumulative Weekly Returns
60

T T
30 oA s

2O [ re e

Cumulative Return Rate(%)

L

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Weeks after mailing
Source) Based on the data collected by Huxley (1980), p.64.
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Table 6 Regression Results

Interval of c d Significance
Week(?) | loge(N-R.) Regression =log.(b) =log.(a) ¢ b v le%/el for »?
1 8.368
2 8.346
3 8.207 t= 3 -0.081 8.47 4760  0.922 0.85 0.253
4 8.125 t< 4 -0.087 8.48 4810 0.917 0.94 0.031
5 8.046 t<5 -0.087 8.48 4807 0.917 0.97 0.002
6 8.001 t=6 -0.081 8.46 4740 0.922  0.97 0.000
7 7.934 t=7 -0.077 8.45 4695 0.926 0.98 0.000
8 7.884 t=<8 -0.074 8.44 4643  0.929 0.98 0.000
9 7.854 t= 9 -0.068 8.43 4572 0.934 0.97 0.000
10 7.782 t =10 -0.066 8.42 4536 0.936 0.98 0.000
11 7.717 t =11 -0.065 8.41 4513  0.937 0.98 0.000
12 7.693 t =12 -0.063 8.40 4468 0.939  0.98 0.000
13 7.667 t =13 -0.060 8.39 4415 0.942  0.98 0.000
14 7.654 t=14 -0.058 8.38 4349  0.944 0.97 0.000
15 7.650 t £15 -0.054 8.36 4274  0.947 0.96 0.000
16 7.643 t <16 -0.050 8.34 4196 0.951 0.94 0.000
17 7.640 t =17 -0.047 8.32 4118  0.954 0.93 0.000

Note) N=4,314
Source) Based on the data collected by Huxley (1980), p.64.

Figure 9 Linear Regression
8.4

8.3 ..

loge(N-R;) =-0.047t +8.32
RZ=0.93

8.2

8.1

80 r

loge(N-R)

79 r

7.8

7.7

7.6 . . - -
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Weeks after mailing

Source) Based on the data collected by Huxley (1980), p.65.
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WEAHAEICBT 2RE Y —VOFHEET NV (Hk - 11H)
BEKENPNEEIMETRENT WS, 72 Figure 93, KE 1 = ¢ =1TIC2WTEUFL 72
BAOEAE L FRERERRLIZLNTH 5,

3. BIE XY — L ICHET AEENETIV

Robinson and Agisim (1951) (3RFHRERDM A ELIT—ENHAESH 5 6 L X
TWBH, BENST =V IZOWTEEHICRERLTWE W, T0E2FARS7:20I2, Tablel N
F—p pHEIC, BICEREIRZINTELBL 0B A Bt 2., SMOEHEKD

Figure 10 Pattern of Cumulative Returns
for Consumer Survey 1

Figure 11 Pattern of Cumulative Returns
for Consumer Survey 2

®
£l

N
o

loga(N-R)

o
o

o

n
o

1 3 s 7 9 11 13 15 17 19 21 23 25 1 3 s 7 9 11 13 15 17 19 21 23 25
Days after the first retum

Days after the first retumn
£(t) = -0.0001¢3 + 0.0078t - 0.1891t + 8.6271 f(t) = -6E-05t° + 0.0055t* - 0.1542t + 7.7804
R? = 0.9689 R?=0.9894

Source) Based on the data collected by Robinson-  Source) Based on the data collected by Robinson
and Agisim (1951), p.422. and Agisim (1951), p.422.

Figure 12 Pattern of Cumulative Returns

Figure 13 Pattern of Cumulative Returns
for Consumer Survey 3

for Consumer Survey 4
8.6 2o

1 3 5 7 9 11 13 15 17 19 21 23 25 27 1 3 s 7

9 11 13 15 17 19 21 23 25 27
Days after the first retum

Days after the first retumn
f(t) = -6E-05t* + 0.0068t* - 0.2129t + 9.0651

f(t) = -BE-05¢° + 0.0068t% - 0.1817t + 7.9181
R? = 0.9691

R=0.9815
Source) Based on the data collected by Robinson.

Source) Based on the data collected by Robinson
and Agisim (1951), p.422.

and Agisim (1951), p.422.
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5 GHEREAL) N » 5 B RHERER R 251\ 2% CRIRER) DBRMNE S (¢)=log.
(N—R,) 24tz L 57- 77 7 %#< &, Figure 10~18DWIFNIRN L ) I2% b, f(B) =
log.(N—R) I3t # MK, @, b, ¢, d&/57XA—F— T 5 KM S (8) =at*+bt*+
ct+d TEUI N GEUBBIERWERTRENT WS, COEMHEE AV 5 & REREK

RIZLUTHEEEFNLRB)EAWT—HRILTHZ LN TE S,

N-— eat3+bt2+ct+d

R,

3kHhEg £ (1) =at*+ b2+ ct+d DIEKa, b, ¢, d. BEUUTIEZ )V ORENRRE L
DHREREK RYER RICE LH72DH  Table 7 TH 5,

Figure 14 Pattern of Cumulative Returns
for Consumer Survey 5

1 3 H 7 9 11 13 15
Days after the first return

17 19 21 23

f(t)= -0.0001¢ + 0.009¢2 - 0.2076t + 7.7799
R2=0.9884

Source) Based on the data collected by Robinson
and Agisim (1951), p.422.

Figure 16 Pattern of Cumulative Returns
for Consumer Survey 7

loge(N-R)

Figure 15 Pattern of Cumulative Returns
for Consumer Survey 6

8.6

8.1

7.6

74

6.6

6.1

5.6

1M1 13 15 17 19 21
Days after the first retum

1 3 5 7 9 23 25 27

f(t) = -2E-05t> + 0.0028¢2 - 0.1093t + 8.1909
R? = 0.9831

Source) Based on the déta collected by Robinson
and Agisim (1951), p.422.

Figure 17 Pattern of Cumulative Returns
for Consumer Survey 8

100(N-R))

8.6

6.1

1 3 5 7 9 11 13 15 17 19 21

Days after the first retum

23 25

f(t) = 4E-05t> + 0.0006t2 - 0.0886t + 8.6756
) R?=0.983
Source) Based on the data collected by Robinson
and Agisim (1951), p.422.

5.6
1 3§ 7 9 M 13 15 17 19 21 23 25 27

Days after the first retum

f(t) = -1E-04¢> + 0.0067¢ - 0.1678¢ + 8.3008
R? = 0.9685

Source) Based on the data collected by Robinson

and Agisim (1951), p.422.
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Figure 18 Pattern of Cumulative Returns
for Consumer Survey 9

5.6 . i
13 s 7 9 1M 13 15 17 19 21 23

Days after the first retum

£(t) = 6E-05t* + 0.000712 - 0.1037¢ + 7.0806
R?= 0.9749

Source) Based on the data collected by Robinson
and Agisim (1951), p.422.

Table 7 Coefficient of f(t) for Nine Consumer Surveys

a b ¢ d R?

Survey 1 -0.00010 0.0078 -0.189 8.63 0.969
Survey 2 -0.00006 0.0055 -0.152 7.78 0.989
Survey 3 -0.00006 0.0068 -0.213 9.07 0.969
Survey 4 -0.00008 0.0068 -0.182 7.92 0.982
Survey 5 -0.00010 0.0090 -0.208 7.78 0.988
Survey 6 -0.00002 0.0028 -0.109 8.19 0.983
Survey 7 0.00004 0.0006 -0.089 8.68 0.983
Survey 8 -0.00010 0.0067 -0.168 8.30 0.969
Survey 9 0.00006 0.0007 -0.104 7.08 0.975

Mean -0.00005  0.0052 -0.157 8.16 0.979

Source) Based on the data Collected by Robinson and Agisim (1951), p.422.

2 Figure 7 T/RL72 & 912, Robinson and Agisim (1951) D4T-»72 9D EEH
Z L Cox (1996) DT -7z 6 MOEEFED TN ZE NN 2ERHERERMBRD/ Y2 — ITi3ZH
LRCERFBHOND, T IEDHRERET — 5 OREFRRD RMEHK TR
0.97~0.99& \» 5 FARETHA LA KEEFNVRONL., EEHENT—FIHLTED
BEICKTIIZEETHS ) D, CoxitLk b 6BNEERAET—2i1IcDOWT, Table3 n7—7%
##2. Robinson and Agisim D4 L k. BWICERMEISERAINTEB» L08R
Bt 2RI, BMNERMENREK GIEEALR) N2 5 BRFRER REFIWAZE Gk
WRAEE) D BRI f (¢) =log. (N —R,) ¥z X 57275 7 2 < & Figurel9~24D#H\ 1
WD L) I2% %, INHIFVTID 3KRME (KWER) TEUSN., ZOELMER S (D)=
at’+bt*+ct+d N/ X —F —B LREREK RMEEKD7245R A Table 8 TH 5,
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Figure 19 Pattern of Cumulative Returns
for Industrial Survey 1

loga(N-R)

Pattern of Cumulative Returns
for Industrial Survey 2

Figure 20

7.2

6.6 . >
1 3 S 7 9 1 13 15 17 19 21 23 25 27
Days after the first retum
£(t) = -SE-05t* + 0.0027t2 - 0.052t + 7.1686

R? = 0.9707
Source) Based on the data collected
by Cox (1966), p.394.

Figure 21 Pattern of Cumulative Returns
for Industrial Survey 3

7.6
75 b N meie e
3
£
3
k-]
2 B R L L LT
7.3 nnnnnnnnnn
1t 3 5 7 9 1 13 15 17
Days after the first return
f(t) = -6E-05¢* + 0.0032t? - 0.0534t + 7.6567
R?*=0.991

Source) Based on the data collected
by Cox (1966), p.394.

Figure 23 Pattern of Cumulative Returns
for Industrial Survey 5

6.0

5.9

loge(N-R,)
s
-]

o
b

5.6 L
i3 5 7 9 11 13
Days after the first retumn
f(t) = -1E-05t° + 0.002t* - 0.0479t + 5.954
R?=0.9766

Source) Based on the data collected
by Cox (1966), p.394.

6.6
1 3 5 7 9 11 13 15 17 19 21 23 25 27
Days after the first retum
£(t) = -6E-05t° + 0.0034t% - 0.6608¢ + 7.0802
R*=0.9613

Source) Based on the data collected
by Cox (1966), p.394.

Figure 22 Pattern of Cumulative Returns
for Industrial Survey 4

6.4

o
w

o
N~

logg(N-Ry)
2

o
o

hd
©

i
©

1 3 5 7 9 11 13 15 17 19

Days after the first retum

f(t) = -8E-05t> + 0.0044t* - 0.0816t + 6.4548
R? = 0.9608
Source) Based on the data collected
by Cox (1966), p.394.

Figure 24 Pattern of Cumulative Returns
for Industrial Survey 6

19 21

1 3 5 7 9 11 13 15 7

Days after the first retumn

f(t) = -SE-05t% + 0.0025t - 0.056t + 5.5642
R?=0.9718

Source) Based on the data collected
by Cox (1966), p.394.
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Table 8 Coefficient of f{#) for Six Industrial Surveys

a b 4 d R?

Survey 1 -0.00005 0.0027 -0.052 7.17 0.971
Survey 2 -0.00006 0.0034 -0.061 7.08 0.961
Survey 3 -0.00006 0.0032 -0.053 7.66 0.991
Survey 4 -0.00008 0.0044 -0.082 6.45 0.961
Survey 5 -0.00001 0.0020 -0.048 5.95 0.977
Survey 6 -0.00005 0.0025 -0.056 5.56 0.972

Mean -0.00005 0.0030 -0.059 6.65 0.972

Source) Based on the data Collected by Cox (1966), p.394.

Robinson and Agisim I2 & 2 9EDIEBEEFE T — & IC@# A L7z Table 7 DR L BT
BE NS RA—=F—DEIENIH > T L RERK RMEIIVCTHOFET D, 13130.96~0.99
NEEIZH ) BHEEFLROG) L DBAESE N2 b b, ERFHREE ZRT Table 4
DF—ZFHW, HBEEATLEERABEICOWT g (N—R,) L&At LOBBRERIRL
7-#E 8 % Figure 25& Figure 2612”7,

Figure 25 Pattern of Total Cumulative Returns  Figure 26 Pattern of Total Cumulative Returns -

for Nine Consumer Surveys for Six Industrial Surveys
10.6 10.6
10.2 102 [ -- - - - s mmsesm ettt esc s m s e s s e
. 98 L T T R
4 >
3 -3
% 3.4 Y S
2.0 Y
- 8.6 T
8.2 8.2
1 3 s 7 9 n 13 15 17 19 21 23 25 1 3 H 7 9 11 13 15 17 19 21 23 25 27
Days after the first retum Days after the first retum
f(t) = -2E-05t° + 0.0039t% - 0.1458t + 10.501 f(t) = -SE-05t° + 0.0028t2 - 0.0575t + 8.7124
R?=0.982 R? = 0.9948
Source) Based on the data collected Source) Based on the data collected
by Cox (1966), p.393. by Cox (1966), p.395.

AEDORAETFT—213E DITRERK R?=0.98ULTH) HEEFLVRB)NICLCHEELTW
%, 2% ., Robinson and Agisim IZ & 2IHBEBERAENT— 2 & Cox IC L B EXEFAENT — 2
NRHGEERIT, BHEERBBOBKI T EZELSL) L, o A—DEBEFNTE
HAEThI I L RINZ it b,

Huxley /4208 L 72 HEEFAR1NT. bbb NI RIET 5 HEETFTNVRE)DEE a, b DE
POEMLALDIZIEIS%L b7\, Table 5 IZ7R& 72 Huxley MIREHT— 5 # HHE T
RN Y TEIDHF[AN T T 7 % Figure 2712, /2fg$ka, b, ¢, dDELRERK RME
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% Table 9 127 F. 8. Figure 2TORP O EIIT, HBEFNLRENSY TIZDEA
NEVFEK (Figure 9 iZRIL) TH 5,

Figure 27 Non Linear Regression

8.4

83

loge(N-R) = 5E-0.5t* + 0.0015t? - 0.0906t + 8.475
R%=0.9951

8.2

8.1

8.0

loge(N-R)

7.9

7.8

7.7

7.6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Weeks after mailing
Source) Based on the data collected by Huxley (1980), p.65.

Table 9 Coefficient of Non Linear Regression
a b ¢ d R?
0.00005 0.0015  -0.0906 8.48 0.995

Source) Based on the data collected by Huxley
(1980), p.64.

4. RE% — i T 3 Huxley D E TN DK

Figure 278 K U Z DRERED 5 AL 2% & 5 12, Huxley DREHRT— 5 13, ZOHEE
EFARDEN . bbhoFHEEFTAVRQIIH T 2EEIIIEPITE N, I T, HHE
EFNRBNTKRD2ODEERZRAL TRBV 2735,

log (aBty? 6%) = loga + (logB) t+ (logy) t2+ (logs)

e loga + tlogh+1t 2 logy +1 3 logs — aﬁt,ytzaﬂ

ZNR3)VIZ Huxley N#EHBEEFNLR1), R=N—ab'Z2ELI2LDTH Y, X ) FHWKHET
BAT2H LW RERERMBOKEE TN TH 2, b8, HEEFNLRE) L RE)IZEFEMIC
I3EMTH D, Lizh->T, HEEFARQB)TRD RS a, b, ¢, d»bREBVE2H BT,
HHEETFNLREG)D ¢4, ¢, eb, e*2#REBD a, B, v, ¢ TRATIITIL V. 2FNUTDLS
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I NETARE) IS

%,

R,=N — (e9) () (e®) ¥ (e ®

FfEETARDE, RBDEKy, 0 2 112, METUIWLEETARG)Da, b% 0
IHEM L2 D TH B, T T, Table 7, Table 8 TRKD/2/¥F X —%—a, b, ¢, dID
WT e? e eb eBRKDILN%EFNFN Table 10, Table 1112”73, Huxley (3% D3
ETFTNARNCBIT L EBCHe 2 YHINERMORABNNAOKE R I2 L > TE b 5 scaling fac-
tor LMY, BEERMICER BRI D 20w EBRT W 505 RETARE)ICBITS 2L E
WRISFEILTH Y, YHMOEMMOREBNOKEIIKETL2ERHETH 5, 72, Huxley i
e’ e®ZWVINY 1 L RE LT e DAIITEHE L, £ % resistance factor & FFA A, HRE
TNRQ)"Tld e, e e? D 3 DN EHH resistance factor & 7% %5, Table 10, Table11% &
TObH»PBLHI1TebiZh% ) 1ITEL ., eI 5T 1ITEV, L2 Lad s, #5EE 7AREQ)”

Table 10 Exponential of Coefficient for Nine Mail Surveys
of Consumer Goods and Services

ed ec eb ea

Survey 1 5597.1 0.828 1.0078 0.99990
Survey 2 2392.3 0.859 1.0055 0.99994
Survey 3 8690.6 0.808 1.0068 0.99994
Survey 4 2751.8 0.834 1.0068 0.99992
Survey 5 2392.3 0.812 1.0090 0.99990
Survey 6 3604.7 0.897 1.0028 0.99998
Survey 7 5884.0 0.915 1.0006 1.00004
Survey 8 4023.9 0.845 1.0067 0.99990
Survey 9 1188.0 0.901 1.0007 1.00006

Mean 4058.3 0.855 1.0052 0.99995

Source) Based on the data collected by Robinson and
Agisim (1951), p.422.

Table 11 Exponential of Coefficient for Six Mail Surveys
of Industrial Goods and Services

ed eC eb ea

Survey 1 1298.0 0.949 1.0027 0.99995
Survey 2 1190.3 0.941 1.0034 0.99994
Survey 3 2114.8 0.948 1.0032 0.99994
Survey 4 635.7 0.922 1.0044 0.99992
Survey 5 385.3 0.953 1.0020 0.99999
Survey 6 260.9 0.946 1.0025 0.99995

Mean 980.8 0.943 1.0030 0.99995

Source) Based on the data collected by Cox (1966), p.394.
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PHMH L LI HEDPNE OB TIZ () DHBHFKEL, tEIKEL L BIZONT
(€)%, (e BEHDYBEBNHKREL %&b, 2N & AEMITRL 72D Table 12T, Table 10iz
BiTbed, b, e DFHER AT, HEDTALITHE) (€94 (2%, (e?) PBEDEE L1 (e?)?
(NP 2HEDTE, EHITT NG IHELHITALRLHMOELZFHE L ERIRENTW S,
t=1DBETIZ() P L (e) D101 T LA WA, ¢ =280KE TI319.461CE LT W
%,

Table 12 Effect of the Resistance Factor for Nine Mail Surveys
of Consumer Goods and Services

t (et (e®)® (e)? ()X (e)? (€)X (e)?X (e9)?
1 0.855 1.0052 0.99995 1.0051 0.8594
2 1.710 1.0210 0.99960 1.0206 1.7451
3 2.565 1.0478 0.99865 1.0464 2.6839
4 3.420 1.0865 0.99681 1.0831 3.7040
5 4.275 1.1384 0.99377 1.1314 4.8365
6 5.130 1.2053 0.98926 1.1923 6.1167
7 5.985 1.2894 0.98300 1.2674 7.5856
8 6.840 1.3937 0.97472 1.3584 9.2917
9 7.695 1.5221 0.96421 1.4676 11.2935
10 8.550 1.6798 0.95123 1.5978 13.6615
11 9.405 1.8731 0.93561 1.7525 16.4818
12 10.260 2.1104 0.91723 1.9357 19.8601
13 11.115 2.4025 0.89597 2.1526 23.9260
14 11.970 2.7637 0.87179 2.4093 28.8399
15 12.825 3.2122 0.84472 2.7134 34.7998
16 13.680 3.7725 0.81481 3.0739 42.0509
17 14.535 4.4768 0.78219 3.5017 50.8973
18 15.390 5.3679 0.74706 4.0101 61.7161
19 16.245 6.5035 0.70967 4.6153 74.9756
20 17.100 7.9614 0.67031 5.3367 91.2569
21 17.955 9.8479 0.62935 6.1978 111.2818
22 18.810 12.3084 0.58719 7.2273 135.9455
23 19.665 15.5440 0.54424 8.4596 166.3590
24 20.520 19.8348 0.50097 9.9366 203.8985
25 21.375 25.5741 0.45782 11.7084 250.2678
26 22.230 33.3178 0.41527 13.8359 307.5731
27 23.085 43.8589 0.37375 16.3922 378.4131
28 23.940 58.3370 0.33366 19.4648 465.9881

Note) ¢°=0.855, ¢°=1.0052, ¢2=0.99995
Source) Based on the data collected by Robinson and Agisim (1951), p.422.

5. BIE/ ¥ — I2BIT % Huxley #L5EE TNV DOREES

Table 9 D/¥5 X —%a, b, ¢, dIZD2WTe4 e e ek, Fhbhbhok

—126 —



BARECBT 2RIE NN —OHEET N (b« NH)

BETFTVROIRALTGREZZES L, ERRER L HD—EE % Table 138 & UF Figure 28
2R,

F7:, L#nicsH, Table 4 IZ/RE N T2 Robinson and Agisim DiEEHICBT 2 9@
DEMAFAEB LU Cox NEEMICHT 2 6 BOBEAFAREND ZNLF NN LERERER L ERK
BEREZEICENLALREEERE, ThZhoETAR2 6B SN RBERER L N—
B % Table 14, 153 LU Figure 29, 301C7R$, Z B, 2 T##E (Error Ratio) &3, &
BRLEZDETNMEL DEDHIHEL BERTHRLIMEN % TH 5, H#fid. Figure 28TidH
B, Figure 29, 30TI3ABIMREHKEZEL T3, 7. Robinson and Agisim ? 9 DY
BHEATICILREMBEAIRE24A 2 5BREBAND LD EEN, Cox D 6 BOEEFETIIK
HITHD L DD LBREBEADLDPEEINT WS, ThbEEZNFNIZOWT—ODRARE
ELTEEDBBICIE. BEMBIREN LD BABPEDRERE LA LTI EHLETH
5, L LI, TTRABENFETLTCOR N2 WBEHRTHE2rNE ) AL T L, B
ERICEADPELIDPLTH b,

Huxley. Robinson and Agisim 8 & U Cox WTFNADT—FI2BWT L., REWMHAREICE
FEEFLDOEAEICHMBESDH S LIFHBL T 5, REMKER.. BEHDOE 1 KB F
72T HBOREEMEH (KM 19ET 2 TIIBERIIIEFRICKES, FITRERNE 1K
MEEBICEL TH LH%RDBEIIZIEE I/ E v, Parasuraman (1982) (2. Huxley 57— %
T3 4B L THABICBEKPHENTWRIZL b 6T, ZOBEFRIXOMEICEIN
TWBEFT, ENRTTERIN TV WELIERML TH Y. Figure 28I b EMREDBEIC &
D BHLRE RS 4 BE TRAEmICE LD A2 ) THETED LA 2B TN ICED S
b, Ly LAH»s, EFNMELFRIEDTIVUCIIERIC L 2FENIRDO S, RN
& i3 Figure 29i22WT b2 %, BEMKKISABICAEERNNE L E—I7 R LN D
B, EFNMEE EHAHEE D FTNITERTE 513K /)& v, Parasuraman (3. Huxley 7 —%
22RO BRYD 5728 LG ADRERDTRIE T NIIR L BIITELERELTWED,
Figure 28MFRELD R L2 7% & 9 12, 8 1 HZOKEETLVRE) DB, BROFEIC
PRbLLTENLNE VW B, #IZ, BAREICBWT, o BMRERZRZIT L > 2fREN
REORERIVIZIED LI L VDL L BDTHH ) e DUONHIERL-AETHELEER
BIZTORET =2 12O TOGTHERZUTICRX S,

COFMEIX, 1995F11A L H12ACAITILARKTICE VT, 55l TR A XL, 3224
2HREM L LEREAREGESD L EIELHHE L 725008 2 A 5Ic, RIS T 2 @8 ERFENFIA
EBEHLMITEILICH 72, COM2EERL THERERICL IBRIDRZAE
TOEERNFRVGERIN, Thbb, BlEREV >3 LA > AENRE (WHIE)
&, BEREFTEMEL LAFAEMRE (EBRE) 09 b, RENEE L OB RMITERE
ELEVDERILI LI oAb 2 AbE72258% 2 BEMEE L L, Z DRERFHIFTHAN S
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Table 13 Actual and Model Data

Week | Actual Model b?f%;gi ng:f%
1 5 -71 5 1520.0
2 100 290 95 -190.0
3 649 607 549 6.5
4 937 886 288 5.4
5 1,194 1,131 257 5.3
6 1,330 1,344 136 -1.1
7 1,523 1,531 193 -0.5
8 1,659 1,692 136 -2.0
9 1,738 1,830 79 -5.3

10 1,918 1,948 180 -1.6
11 2,067 2,047 149 1.0
12 2,121 2,127 54 -0.3
13 2,177 2,191 56 -0.6
14 2,205 2,239 28 -1.5
15 2,214 2,271 9 -2.6
16 2,228 2,287 14 -2.6
17 2,234 2,288 6 -2.4

Source) Based on the data collected by
Huxley (1980), p.64.

Figure 28 Actual Curve and Model Fit
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Weeks after mailing

Source) Based on the data collected by Huxley (1980), p.64.
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Table 14 Actual and Model Data

Day | Actual Model l;;t;;nys RaE{ir;’I;%)
1 201 -3682 201 1931.8
2 903 278 702 69.2
3 2,369 3,557 | 1,466 50.1
4 3,252 6,286 883 93.3
5 4,838 8,568 | 1,586 77.1
6 10,921 10,484 | 6,083 4.0
7 12,527 12,099 | 1,606 3.4
8 14,012 13,463 | 1,485 3.9
9 15,277 14,619 | 1,265 4.3

10 16,281 15,600 | 1,004 4.2
11 16,602 16,434 321 1.0
12 17,064 17,141 462 0.5
13 18,168 17,740 | 1,104 2.4
14 18,469 18,246 301 1.2
15 18,810 18,670 341 0.7
16 19,051 19,023 241 0.1
17 19,192 19,312 141 0.6
18 19,272 19,544 80 1.4
19 19,372 19,724 100 1.8

20 19,593 19,856 221 1.3

21 19,694 19,942 101 1.3

22 19,774 19,987 80 1.1

23 19,874 19,990 100 0.6

24 19,914 19,954 40 0.2

Source) Adapted from Robinson and Agisim
(1951), p.422.

Figure 29 Actual Curve and Model Fit
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Source) Adapted from Robinson and Agisim (1951), p.423.
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Table 15 Actual and Model Data

Day |Actual Model l;;t]u)?; ng;c%
1 3 -58 3 2033.3
2 220 249 217 -13.2
3 432 505 212 -16.9
4 694 719 262 - 3.6
5 928 897 234 3.3
6 1,074 1,043 146 2.9
7 1,198 1,163 124 2.9
8 1,278 1,260 80 1.4
9 1,349 1,336 71 1.0

10 1,405 1,396 56 0.6
11 1,448 1,442 43 0.4
12 1,491 1,475 43 1.1
13 1,506 1,497 15 0.6
14 1,528 1,512 22 1.0
15 1,554 1,519 26 2.3
16 1,568 1,523 14 2.9

Source) Adapted from Cox (1966), p.394.

Figure 30 Autual Curve and Model Fit
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Source) Adapted from Cox (1966), p.394.
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Table 16 Actual and Model Data (Hagi City’s Data with-
out Follow-up)

(?: th) Day | Actual Model }Estlg:i Error%Ratlo
11/24 1 1 -9 1 1000.0
11/25 2 24 30 23 25.0
11/26 3 39 63 15 61.5
11/27 4 90 92 51 2.2
11/28 5 130 116 40 10.8
11/29 6 148 137 18 7.4
11/30 7 162 154 14 4.9
12/01 8 176 169 14 4.0
12/02 9 184 182 8 1.1
12/03 10 191 193 7 1.0
12/04 11 204 202 13 1.0
12/05 12 210 209 6 0.5
12/06 13 219 216 9 1.4
12/07 14 224 221 5 1.3
12/08 15 228 226 4 0.9
12/09 16 232 229 4 1.3
12/10 17 234 232 2 0.9
12/11 18 242 234 8 3.3
12/12 19 250 235 8 6.0
12/13 20 253 237 3 6.3
12/14 21 255 237 2 7.1
12/15 22 255 238 0 6.7
12/16 23 256 238 1 7.0
12/17 24 256 238 0 7.0
12/18 25 257 238 1 7.4
12/19 26 258 238 1 7.8
Note) - Deadline

Source) Hayashi and Murata (1996), Unpublished data.

Figure 31 Actual Curve and Model Fit (Hagi Ctiy’s Data without Follow-up)
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Source) Hayashi and Murata (1966), Unpublished data.
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Nz, B, WENKHHY)Y BIZI2A12BK L BEREKOEKICHIE I N TV72, Table 1613,
INHDEERELED BHLWRERS LURHEER, Lo cHBETNVRAQ P LoH S
RRERERZERRLILERTHY., TALE2RRL L DY Figure 31TH 5,

SRAEVTHAERPE T oM Huxley 3 & U Robinson and Agisim DA L FETH ) . RIEE
1R BAEICE L BOBERIIEMKICNEL, EFVOBAEITE . LA L6, K
Bt > TH» 5180 H L19H HOBREBEN ZDRIR L HRTEWT L PR, ZDOH%ROK
EENVFEAEELE ETFNMELNEL > THNATWS, I9HESRENFHHYINVHTHY ., [FHH
LEIBDRERFDORIBEENTEEICZVWDIL, HH) BRIAEB LY A DEITAAIE
EBPRREZEL 6N, SO EeRHLTHE, #HOU) HEFEIBEENRZ L, ZNEHR
FTHUE, LTI LPORERDOMLICOUPE I EHREINS, bULOWORRT 55T
T, REVHBRETOBERIC L 2RENLREZEMOBELISEVZIT LN, K
ERMBRICBIT 2 RENLREEEMOBELZITRTWINEFEZ 6N L, L Luh s,
COBRBETIIERME. =7 VIMRE DICKELTE), BERIZIBBEE» H21HH FTHM
55 228 BUREE [RAE—- 7 NMESFOY ) BEBIOEITAAIREK] OBEFRINIIZ
HERINTW 2,

6. Huxley #5RE T NWVIC & 5:REED TRV HE1E

BRI R 2 REMEROBBIEE  TRTHEETALRGNICBWT, #¥ a, 8 v,
& DIEZREVMIZE T 5 RERNBEELL LKDHDZZEHTENE, CHOEFALRERHW
T, ZNLBEORERZ TRET 52 L EEL kb, 72720, BRI~ L 5 1c, HHEETL
REVIZREFHEZ - THLE 1 EOREBIREL L 22 AE 5 XEOBAEAIEFH I
Wz, FRIDTEEMESRAZN DI ZNLUBEOBRRE L W) Z Lk b,

%2 T Huxley 57— % #F\T. scaling factor TH % a %2R < FEEDOHEEATRIHEIC
REFTHEBLFARTAL, v, SDEZ—FICLT SER2ELL I RIERIEEK % Figure 32,
EHLREE # Figure 3312, 8, ¢ 2—F X LT y 2 8L BEERER % Figure 3412, 6,
y 2—EIZ LT ¢ 2 /L3 RIEESK % Figure 351277,

BEIZR 7= k5 o, RSN HKEEFARQ) TR, B, v, & D ENDH resistance factor
THY, tEPKRE L L IGHAITHEHEBNNTH 5, 213, Figure 341235 T, §=1.00005
& 6=1.00000% Ti3, FRIINBHRERICHI00ERY NDEE42H D, 6=1.00000& L7
BANTAEIIEIMENOWL.6MEICL>TLE), TNDEI Iy, SENREICIIFHHEIE
k3Ins,

FZ& a, B, v, 0 DIEIZ, BYIDEMMDHA GHEZEALK) . BEITRE > TE 1 KI5
ZREHRE L DA ETTHEEK. ZORETORER BIURMRER S HictrokrRllik
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Figure 32 The Difference of Cumulative Returns Curves
as the Variation of the Resistance Factor g
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Figure 33 The Difference of Returns by Week
as the Variation of the Resistance Factor g
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Source) Based on the data collected by Huxley (1980), p.64.
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DB B ORERR % & DYIASRA» CERICHBTTRTH S EEZ6NE0, BE, 2D
BIZOWTIRIEHRELICH ), AROBEL L > T 5, RIEFES LF 1 IR ERE
BICET2ETOTRIET VG, BEEFARNNRQZ2ENT SEM L -2 [EBHK &
F () =loge(N —R) DBMR] L BEARCRL -2 R» LFEETHLENHE 7 Lk,

Figure 34 Cumulative Returns Curves Following y
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Figure 35 Cumulative Returns Curves following ¢
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7. BREYVMBEREICET 2RIE/ NS - DBEHEET N

Vigderhouse (1977) (2. BED/ 5 — U PHBNEELTEY ., THIWEETH 5 2 L £HiR
ELT, BVENREBICEITI2RBHEKT L ORERT— 5 2FMICHIT L. BEDHHSHD
TRIETNVEERL T, 2B (BboR@) 2&80HERX (RW@) ck->TELNZH
Bh, BARGBERODAMICEFICICHAT I L2RHEL TS, RA)T, ¢ I3L40IEM
MERAL T LOBBA K. f(DILRER, o, B ZEREERBOEHANDEAZRET
LIRET, a WKRES LB LEAIINE L B, a, BI3BILRERDSHOFHE L 58l »
LHEBEIKRE S, Thbb, KDBNTHD,

mean= af variance = af?

o, COMRFERBOMBKEL 525 t . ThbbHIERER»E—7127% 58I,
RO Lt a, B)=0 &Y bax=B(a—1) L% 5,

L L7%edss, HIRERDFHEL AEIERIATE LI EIETH D, T, RIEENTH
BERECEFECHMELEICLIBREISL L, FrvEBRBLTLIEAL L LELnID
#* Vigderhouse DEEETNAKNFHTH 5, RNANL, BRI D e\ BRZLKIETO A JILE
BEIHEBEERDLLTVWDBEEZBRETHS, L2 LLH 5, Vigderhouse (2 ki, R@4)
3. BEFHE ST LE L EOBRERIBEL I 2T TOBEAMECHLTHWIE., hET
REINTELENDEHETNVR L) b EARER L TARERNO—BEIEE W) F 72,
BREICE, BMEOREAERS H 25 1 BARLUMICERRKZ BET 5 L RN L v EERAY
PEATIHATH L LI, —RCE LEOREEIBREICL L ETORICEERE2ITI S
ERMTHE2 0. ZOFEEXE2REVHEE > T LEUEDRERIREICLEETLER
U, Vigderhouse DEFHEETFTNREB+FICERANLEZLEE2 D2 DLW & 5, Figure 36
{3, mean=5.0, variance=5.0, 10.0, 15.0, 20.0& L7234, 2F D, (a, 8) =(5.00, 1.0),

(2.50, 2.0), (1.67, 3.0), (1.25, 4.0)DFADRADERLTHIETH %, variance=5.07
LEZST7RRLAICEA (B T, ¥ variance=20.0N L EFILEIRET (),

f(t 5 a, ﬂ) :?(;)Tta-le_”ﬁ t>0' a, ﬂ>0 ..................... (4)

L. F(a)zs‘:xa—le—xdx ................................................... 4y
WAEREE > T H DRFLRERK R4

RFS:::::f(t) ........................................................................ (5)

Vigderhouse (1977) i3, o7 ~BED4Mr 6, 1 BH2) ORERIFTRICL S E—
Z B2 1EIEN. 1 BB DFEREERS 5 DFAICIE, REVHEE-TE—-7ICET S
THOREHMIIUTABTHBH I ., 72, BRZEBTSHIE. 18 H72) OREHIREICDH
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Figure 36 Daily Probabilities of Questionnaire Returned
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Source) Quoted from Vigderhous (1977), p.208.

B B12BEHPI3BEF LS D LWERNTWE, LALE»L, REEN1HH)DF
PEII AN KB DE» LHEEHFTEBLDIIH LT, REROFEMEIZ. REITH5ERIC
o EsNLWwD, RICBITS a BLU B OfEIZ, BERMMRICESVWTRAT
52kl b, ZORBWKTIE, HIREEOTREI,EWEINIRBEL W E D, #RiTd
FOFM L AERROBAICL 3RMNEREZEATE N ERLTHET NV LIV W,

8. B b ) I

A ThNbLNHEEBETFTNVRE)DRIEICHEH L7727 — 213, Robinson and Agisim (1951)
D144 519494122 1T TEB S NICHBE B T 2 9O EAFHE. Cox (1966) »EHEL
TERMEENRE T HEEMCET 5 6 BOEMAFE. Huxley (1980) »BiEEE2HRE LT
19724E 10 EHE L 7282 T, b bp 19954 1210 0 BKTR 2 x5 RICERE L 2@ EIRFEICH
THHEARELY, DY TITHORET - Thbd, TNLDOFEIIERINIE 27K -
E-HEEL), FATHULIZIRMRICHLRILDTH-7DAL 6T, AENER, MR
&, B, 7R NE. BHE. $HLOFAELEDBEREFZ -1 BLB0NDTH 72,
ZHC L b b, BARAEICBITRE Y — 25, 2% L 8 1IEDRERIFRAE
I LREEDBEICEL TR, A—08BEEFVTHERT A EHTE, L b EREICAT
DZEBETNOUTIIE Y DRRE 2R TRERE RMEH0.98R1% & v ) Bred TEVIKEEIH
57 EITHRADBRETH > 2. [ ZEERLTBEREICHE L c—EDRE XS — L L fF
ET2ETEEIEWHBEEBREZEATE—SH L LTARRNEREIREVW DL VI L),
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BHERERDFZRE  HHE TNV ICEI S HBENOBNBED & AEAMES. BEDWH
76 PP IO TOBRICE 52— 28 EROMBMICE > TI LAY BERZ T 4w
Y, RAERIARREIC BT 28O0 ) ARIROBKITAAEEK L W & I T REMZGRERDHE N
DHBEZITIRT I L ELARNDIETHL P IZE T,

S HIT, B 1KDBEBEEI R LI BRERTHIR 2 RISICH T T, ZNENTRL 5857
S IZHEATORBMETNANRLETH LI L, Fio, RENME > THHH 1KDRERH
WEIZG B ETORILEEHDOEIEE T VIZIZ, Vigderhouse (1977) 2 & 2 7 > =¥ KkEF L
RA)DBAED TGN Y REN, HHEETFT ARG LA)HE 1 IRDBERD TR 2I2% 5
B THE LD ICERT 200 ) »DORFLIIABRORETH 5,

ARTEL LTHY L ebhbhoBHBE e T A RE)ICE W T O RKEVERBE DG #R, 5 £
DBRDTRNLELRZEE (2. B, v. D EHNTE2HELARIIRIN ERLREL L 5,
—H., KB TR ST RTOBHEEFNVICHBLTWZEZETIIH Y. FNHIIAHTOH
ET7T— 2 OBIEBH > 5B SN bNTH Y, 2, resistance factor N & 5 LAREDOIE
LTI, BAEOEULHER» SBLNIELZEHLTRAT I HEN L LN TWELD
12, ROBKRTOTRET N EIEZWAT, KABL VI BE»SIE, T 2L E1 20,
HRMICIE, BRISEBAC & 92, RGPS TH S 7R ERRE Yy — 2T 57—
ZIZEDNT BEPHE L URMBREORER, BHEERETE L TEMICTRITE S
ZEFEFZ L, ZDHITE, BEOT— I \OBLAEEEGO LT REHEBEL LT, THIO
BEL2EHD, IDEHESDECERETTFLZARL TV I LHFVETH S,
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