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Introduction

SEGREG 1s a computer program which enables users to perform segmented
regressions on ordered data sets, given that the boundaries of each segment,
or subset of fhe data, are unknown. The program searches the data for the
switching point that defines the two best subsets and for the two switching
points that define the three best subsets.

Results obtained from SEGREG are similar to those obtained using
spline functions. There 1s, however, an important difference in the two
techniques. With spline functions the user must spégify the boundaries of
each ordered subset of observations. SEGREG, on the other hand, automatically
searches the data to define those ordered subsets. A search for a switching
point, or points, is appropriate when the researcher does not know at what
point(s) the relationship changes, or if it changes at all.

Segmented regression may be applied to answer a variety of questions.
Applications include identifying city populations at which expenditure
functions undergo major shifts, determining when the relationship between
the amount an animal is fed and its weight gain changes, and finding the
length of time a patient's behavior is affected after a drug dosage is

administered.

The SEGREG Model

SEGREG fits all possible ordered pairs and ordered triplets of
regression equations to a set of data. The set of data must contain less
than 300 observations and it must be ordered by increasing size of Xi,

the independent variable.
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The ordered pairs of regressions will be of the form
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The ordered triplets of regression equations will be of the form
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Figure 1 illustrates the calculation of all possible ordered pairs
of regression equations when n = 11. The first pair of equations is
obtained by regressing X on Y for the observations with the 3 smallest
values of the X variable and for the observations with the largest 8
values of the X variable; the second pair is the observations with the
4 smallest and 7 largest X valuesy and so on.

The best switching points are defined by the ordered pair and the
ordered triplet with the smallest sum of the residual sum of squares.
In all, (n-2m~1) ordered pairs and (n—2m—l)(n~éﬁ—2) ordered triplets

of regressions are calculated where m is the user-defined minimum number
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Figure 1: All possible ordered pairs of regression equations when n = 11.
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of observations in a subset. The number of pairs and triplets of regression
equations may be quite large, but only the results of the 20 best pairs and
the 20 best triplets of equations are reported. The second through the
twentieth models are reported to provide information about the stability

of the results. If the results are not stable, the statistically-defined
switching point may have no meaning.

A continuity correction is avallable as an option. When that option
is exercised the second regression equation in the two- and three-equation
models is forced through the coordinates of the fitted value for the
largest X in the first subset, and the third equation of the three-equation
model is forced through the coordinates of the fitted value for the largest

X in the second subset.

Testing the Significance of the Results

An F-test is appropriate to test the null hypotheses that the best
two~equation model does not represent any improvement over the standard
single~equation model and the best three-equation model represents no
improvement over the two-equation model. Computation of the F-statistics
is illustrated in table 1. The critical F values that appear in a standard
F table, however, are inappropriate comparisons for such tests. Instead,
the significance level of the standard F values must be adjusted for
the number of regression equations that are computed. The printout shows
the F-statistics for tests of both null hypotheses. The computed F~statistics
and their significance levels, adjusted for the number of pairs and triplets
of equations computed, are also printed out. For 30 observations and a
minimum of 3 observations to a subset, the computed F-gtatistic must be

at least 7.85 for the two~equation model (24 regressions) to be statistically



Table 1: Computing F values to test the significance
of the two- and three~equation models

Test 1: the one—equation model vs. the two-equation model

(SSROne - SSRtwo)/Z
SSR / n-4
two

F =

Test 2: the two-equation model vs. the three-equation model

. (SSRtwo - SSRthree)/Z
SSRthree/ n-6
n = total number of observations
SSRone = gum of squared residuals from the one-equation model
3SR = gum of the sum of squared residuals from the best two-
two
equation model
SSRthree = sum of the sum of squared residuals from the best three-

equation model
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significant, and it must be at least 12.43 for the three-equation model (253

regressions) to be statistically significant at the .05 level.

Necessary Computer Control Cards

The SEGREG computer program has been written for the CDC Cyber 74 at
the University of Minnesota. Before the program can be executed it is
necessary to have a data set stored in a sep rate file. Each line of the
data set must contain only one XY pair of data with the X variable preceding
the Y variable. The format of the data is specifed by the user. All cards
except the data cards must begin in columm 1, and the punctuation and
spacing on the cards must be correct. Capital letters will be used to
indicate what must be punched as specified; lower case indicates user-
supplied arguments.

CARD 1: your name,T5. (T5 is sufficient for n < 50)

CARD 2: ACCOUNT,xxxXxxxx,password.

CARD 3: RFL,70000.

CARD 4: GET,SEGREG,TAPEl=your file.

CARD 5: MNF(Z,E=4,R=0,L=0,I=SEGREG)

CARD 6: REWIND,TAPE2.

CARD 7: COPYSBF,TAPEZ,

CARD 8: 7-8-9 (all punched in columm 1).

CARD 9: title of this run (leave blank if no title will be used).

CARD 10: cols 1-10: continuity correction. Punch CONTINUITY in this
field if a continuity correction is desired.
cols 11-15: minimum number of observations in a subset. This
number must be right justified in the fleld and may not contain
a decimal point. The default value of 3 is used if this field

is left blank.
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CARD 11: (Data format: valueFortran format items accepted by SEGREG are:
F, E, X, T, and /. The format must begin with a "(" and end with
a ")" and must be contained on a single card. The X variable must
be entered before the Y variable).
CARDS 12 and 13: 6-7-8-9 (all punched in column 1.) Prepunched orange"
cards are available at all UCC installations.
Instructions for preparing the first two of these cards may be obtained

from the University Computing Center.

Cautions, Special Notes, etc.

The procedure is extremely sensitive to outlierg. If an outlier is
dominating the results, typically it will be in a subset of the data
contalning only the minimum number of observations, and the switching points
for the next best 5 or 6 models will be approximately the same as those for
the best model.

The program will not perform any transformations of the déta. If
any transformations of the data are desired, they must be made before the
program is used.

All 80 columms of the title card are available. When doing several
runs using the same data set it is a good idea to make the identification
as clear as possible.

If a data set is too small for 20 regressions to be computed
{(n-2m~-1) < 20} the results of all equations will be printed out in the
order of thelr computation Results will not be sorted unless

(n-2m~1) > 20. A data set may not contain more than 300 observations.
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An Example
This example using data with known properties is included to give the
user a chance to test the program on her/his own installation, and to pro-
vide a guide to analyzing the output provided by SEGREG. The X values in
the test data are the numbers 1 to 30. The first 20 Y values were generated
by Yi = 25 4 ey and the last 10 by Yi

distributed random variable with a mean of zero and a standard deviation of

= 64 ~ 2Xi+ e, where ey is a randomly

1. All of the data are printed in table 2. The computer printout for the
single-equation model is in table 3. It is statistically significant.

The computer printout for the two-equation model is printed in table 4.
The null hypothesis that the best two~equation model p¥®vides no more infor-
mation than the single-equation model can be rejected at the 2.63 x 10_15
level of significance. The results of the two best models are virtually
identical, indicating the stability of this switching point. A further
indication of stability is that the 18 alternative switching points identified
are tightly grouped around the best switching point.

The printout for the three-equation model 1s in table 5. The F-
statistic to test the null hypothesis that the three-equation model
provides no more information than the two-equation model is 4.71, a value
which is not statistically significant when adjusted for 253 regressions.
Fifteen of the 20 best models have 10 or 11 observations in the third subset.
Frequently the switching point defining the first or the third subset will
be identical to the switching point definlng the second subset in the two~

equation model, particularly when the two-equation model 1s statistically

significant. In such cases it may be useful to eliminate the observations



Table 2:

Data for regression

Values of Xi
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Values of Yi

23,
25,
24,
23,
23.
26.
24.
25.
25,
25,
25.

24

671529988214
322249489482
659072392603
841611899718
249586046996
257482774987
987434469435
471760428436
673199955196
533911568276
996724843737

.028007968068
24,
23,
24,
24,
23.
26.
24,
26.
23.
20.
19.
17.
14,
13.
11.

8.

9.

4.

797920759614
294586285301
292665615533
896533394863
622789259551
840264205438
887054300500
747499146303
086481721008
868022183915
768933387495
050362727659
259426066515
763907284128
403447321715
702358284691
332948471675
920778658854
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Two phase regression on 30 observations

TuTAL SSR OB$E§VAYXONS R SQUARE JETA SO{gETA) ALPHA SD{ALPHA} 555(1)
20961402 19 201424 02174 +04387 24458917 2.38808 18,4782
1l «98156 =2+00602 09164 65,59632 7.62842 843143}
«270090 402 20, 06354 04638 04195 2441681 2.85357 21.006612
10 298046 =1.9242% 109489 63430750 7.90480 S.94288
«29768c+02 17, 00752 ~e01b47 +04851 24,83037 2.25684 14.40063
13, +97546 =le84T4y +0g761 6138724 7.18968 15.36732
+ 31351402 214 «008)2 0164y 204169 24463623 2,56392 25.43196
Y +973,9 =1.9108 '11871 63.02233 9,00229 5.,51893
+31693E+02 18 $0L475 202409 04902 24.57412 2,39666 18,3066
124 +975.48 =1+90622 09557 62.93489 7.,64902 13.,06228
«4L48bEY02 22+ 0232 =+03253 U728 25.01167 2.85584 39,58904
de 963,35 =1.9232y + 15298 6336728 10,40337 589717
+S5u699E*02 los »001,5 200674 05287 24469122 2,22327 13430320
Lue +932,1 ~1l46857y «12895 56.66423 8,56206 45,39572
1016970402 23 «106y0 -.0813; +05156 2840250 3,11339 56.49616
7 7,7 ~1+8322p +19275 60.81860 11.88627 5.20119
s Tub27etu2 15 2060 ,3 +UN394 08043 24+70704 2,23500 13,29084
15 +910,3 ~1.5379; +13387 53.38207 8,56260 65.23659
WYolugtrue 24 21073 -+ 14537 +05998 25493574 3,49949 9t.02728
be » 91649 =1+7910, «27050 59465137 14,3302% 5.12199
Jlub22E U3 14, «00bg4 +01954 106899 24462380 2,23653 12.995%2
loe +878,6 =1+4081y + 13995 500017%6 8,59192 93.22279
flei76E40S 13 211173 +08i1y 206902 24.31587 2.085%25 9.53711
17. +832,0 =1+26684 « 14699 46456094 8,64112 132,2219¢
«15028E403 25 »30049 =+2196]1 + 06987 26457910 3,92943 145,.04965
Se 90021 =1+97568 37977 6494361 17,27712 4,32675
136Uk +US 12. +15328 10724 «07970 24.19401 2.07780 9,08427
18 812,48 «1+1739, +14118 44426992 8,31029 154.51283
191106403 Ite » 38577 1864 «07844 23.85061 1,69950 6.09083
19, « 78128 =1.07679 +«13818 41.90534 8,06734 IA5.01339
+193INEC0D 26+ +37843 ~+2803¢ 07340 27.12567 4,18399 189.10091
W B06gH =1+4B8174 65104 62.21952 23,01347 4423851
P 2UUSUEFUD 10 +30545 +18016 +09596 23,87589 1.92211 6.07785
20« 77650 =1.01873 +12876 40.51198 7.64160 198.46203
2¢3390 403 9. +268]1 +19213 «11998 23.83201 1,94921 6.09614
21 sT6423 =~+9565) +12188 39,039u9 7.29540 217.33992
242158403 8 18443 «18013 «15464 23.87202 1.98576 6402598
22+ 75237 =-+900190 11547 37.72313 6.96812 236.12836
W25049E403 27 c4luigh =+34504 +07755 27472960 4,46136 246,25388
3. 62735 -1+89079 1.45572 62.48493 35,00329 4.23824

F VALUE (UEST 2 PHASE VS DINGLE PHASE) = 205.8967%

SIGNIFICANCE LEVEL (ADJUSTED FOR NO. OF REGRESSIONS) =

«00000
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Table 5: Three phase regression on 30 observations
TUTAL SSR OBLERVATLIONS R SGUARE BETA SO (BETA) ALPHA SO(ALPHAS SSril)
«19363ev02 1l +38577 + 186Uy 07844 23.88061 1,89980 6.09083
9 41245 129278 213211 20.138%4 5,89068 7:32978
10, «98046 =1.9212y +0948% 63.30780 7.90480 S,q4288
s2uT20b 002 13 11178 +08119 +06902 26431957 2,0852% 9.53714
Te +85351 248183 219353 16474908 7.53029 5,2437%
10. +9801b -119212% +09489 43430750 7,30480 5.942088
2y823etu2 11 +38577 + 1864y 107864 23.85061 1.89950 6.09083
de 022739 21207 +15958 2§ 4295ub 6,25922 6.41769
1l 9816 =2.00602 109164 65459632 7,62842 8.31434
1]
22130402 124 +15328 210724 »07970 24419401 2.07780 9.08427
8 . 039649 L 03330, +16788 1942665 6.82548 7410245
10+ +9804b =1.3212y 109489 63430750 7.90480 5.q4288
edgllet e 5 +195.0 23245 127250 24484617 1.73134 2.22776
12, 15269 ~e 18924 »05676 27408070 2.86052 44500666
13 «975.6 =leg4Thy 184761 6138724 7.18968 15,36732
12¢bUE U2 e 21950 =2324, +27250 24480617 1,73134 2422776
14, 2050 .7 07264 205633 25,94955 3.38266 12.01208
11. «98140 =2+0060, +09164 65059632 T.628u42 8.31431
12eT6Trvue i7, «007,2 =eQlb47 204851 2483037 2,2%684 14,40043
3. W00177 =463y 1.10091 27403954 19.95398 2442399
iue <940 ,6 =1s3212, +UquB9 6330750 7.90480 8.94288
e2e851c 402 13. 11173 suB1Ly + 06902 24431557 2,08525 9.53741
ue 3694 +40947 26724 17.88275 B,57536 4499937
1L 961,86 =240060, +09164 65.59632 7.62842 8431431
v2suT2Rtue 11. 3857 1864, sU7844 23,8506} 1,89950 6409083
be +003/9 =.0209, 16963 24045875 6,01327 2.nl420
13, +975,,0 =laplTuy «0g761 61438724 7.18968 15,6732
s2sTHREYUR los W00119 0067: 405287 24069122 2,22327 13430320
"™ «379n0 74203 +67054 11.79570 18,17669 4449630
1o, +980.,,b =1.9212, 09489 63030750 7.90480 5.,94208
2,756k Y02 12, 153,08 $10724 «07970 24419401 2,07780 9.08427
7o 2200 5 +2388 £21309 2083947 T 4uduy 6.15725
il «981.6 ~240060, 09164 65.59632 7.62842 8.314351
£ 23904402 10 +305.,5 16801, + 09596 23.875R9 1.92211 6407785
10, 13341 +1489) 13418 22463227 5,77447 11.78338
10 «980.b =1.9212, .09489 63.30750 7.90480 5.04288
+24025E 402 Se 19520 ~e 2324, +27250 24484617 1,73134 2,22778
15 2004 /1 =.0163) +06600 25.36806 3,51929 15,9423
1u. +98U46 =l.9212, 09489 63.30750 7.90480 5,0u288
241078402 14e +006,4 201554 +06899 24462380 2,23653 12,69532
6 +39750 4418) 27174 17.48286 9.1658%5 5416897
10 298046 ~1l.9212, +09489 6330750 7.90480 5.94288
24300k V0R 10« +305,5 «1R01, «09596 23.87589 1.92211 6.07765
9 01745 2UBU1g +15359 23.92717 5.96513 9490835
1i. +981 0 =2:0060,_ « 09164 65459632 T.62842 B8.31434
24333402 15, 200043 0394 06043 20470704 2.23500 13.29084
S 32601 4966, $41226 16445967 11.59303 5409887
10 +980 .6 ~1e9212, + 09489 634307%0 7.90480 5.94288
P20728R402 19 Olugk «02174 « 04387 20.58917 2,38808 18444712
o 98151 =-243327, «15p31 72.784K7 B,9779% 1e75423
S 9001 ~149756y, 37977 b4+ 94361 17.27742 4.32675
+248916402 19, W0lu,0 02174 J04387 24.58917 2,38808 18.54742
3. 198033 ~2493974 P4y1pu3 85430184 13,56184 34683
8o 96343 =1.9232y +15208 63436728 10.40337 5.89717
25011E402 9. 120811 19213 +11998 23.83201 1,94921 6.04blY
10, «000;32 ~+00393 +12703 24487609 5.26849 1045091
11, 198150 240060, +09i6h 65459632 7.62842 8,31431
20129402 He 18443 +1801 « 15464 23.87202 1,98576 6402598
9. 47553 ~+2375y «0g431 27477047 4,07021 373542
13. +975,06 =leg474%y 08761 6138724 7.189068 19.36732
F VALUE (BEST 3 PHASE VS UEST 2 PHASE) = 4,70862 SIGNIFICANCE LEVEL (AQJUSTED FOR NO. OF REGRESSIONS) =

«99999
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known to constitute a subset-~-in this case the observations containing
the largest 10 X values——and rerun SEGREG using the reduced data set.
Then the results of the two—equation model can be used to test the hypothesis

that there are two additional subsets to the data, given that the existence

of one subset is known.



