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Introduction

SEGREG is a computer program which enables users to perform segmented

regressions on ordered data sets, given that the boundaries of each segment,

or subset of the 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 is, however, an important difference in the two

techniques. With spline functions the umar must sp&~ify 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 ic changes at all.

Segmented regression may be applied to answer a

Applications include identifying city populations at

functions undergo ~majorshifts, determining when the

variety of questions.

which expenditure

relationship between

the amount an animal is fed and its weight gain

length of time a patient’s behavior is affected

administered.

The SEGREG Model

SEGREG fits all possible ordered pairs and

regression equations to a set of data. The set

than 300 observations and it must be ordered by

the independent variable.

changes, and finding the

after a drug dosage is

ordered triplets of

of data must contain less

increasing sfze of Xi,
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The ordered pairs of regressions will be of the form

i=l i=l i=l

n n
(2) ;i =i2+62Xi+ei

i~j+l i=nj+l

The ordered triplets of regression equations will be of the form

‘k ‘k ‘k
(3) Yi =;3+$x. +e

31i
i=l i=l i=l

—

‘=nk+l i=n +1
k

‘=%+1 ‘“nm+1

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 observationswith 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 values; 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-2rn-2) ordered triplets

of regressions are calculated where m is the user-defined minimum number
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Y

A

FIRST REGRESSION:
SMALLEST 3, LARGEST 8

1

A

THIRD REGRESSION:
SMALLEST 5, LARGEST 6

Y

I

SECOND REGRESSION:
SMALLEST 4, LARGEST 7

Y

I
#

x
FOURTH REGRESSION:
SMALLEST 6, LARGEST 5

/● ☛

i
x

FIFTH ‘MGRESSION:
SMALLEST 7, LARGEST 4

SIXTH REGRESSION:
SMALLEST 8, LARGEST 3

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 available 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-equationmodel does not represent any improvement over the standard

single-equationmodel and the best three-equationmodel 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-statistic must be

at least 7.85 for the two-equation model (24 regressions) to be statistically
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Table 1: Computing F values to test the significance
of the two- and three-equationmodels

Test 1:

Test 2:

n

SSRone

ssit
two

the one-equation model vs. the two-equation model

(SSRone - SSRtwo)/2
F=

SSRtwo / n-4

the two-equation model vs. the three-equationmodel

(SSRtwo - SSRthree)/2
1?=

SSRthree/ n-6

= total number of observations

= sum of squared residuals from the one-equation model

= sum of the sum of squared residuals from the best two-
equation model

SSRthree = sum of the sum of squared residuals from the best three-
equation model
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signi.ficant,and it must be at least :2.43 for the three-equationmodel (253

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

Necessary Computer Control Cards

The SEGRJ3Gcomputer 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 specf.fedby the user. All cards

except the data cards must begin in column 1, and the punctuation and

spacing on the cards must be correct. Capital letters will be used to

indicate what must be punched as specif:f.ed;lower case indicates user-

supplied

CARD 1:

CARD 2:

CARD 3:

CARD 4:

CARD .5:

CARD 6:

CARD 7:

CARD 8:

CARD 9:

CARD 10:

arguments.

your name,T5. (T5 is sufficient for n j 50)

ACCOWT,XXXXXXX ,password.

RFL,70000.

GET,SEGREG,TAPEl=yourfile.

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

REWIN-D,TAPE2.

COPYSBF,TAPE2.

7-8-9 (all punched in column 1).

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

cola 1-1o: continuity correction. Punch CONTINUITY in this

field if a continuity correction is desired.

Cols 11-15: minimum number of observations in a subset. TMs

number must be right justified in the field and may not contain

a decimal point. The default value of 3 is used if this field

is left blank.
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CARD11: (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 ext~emely sensitive to outliers. If an outlier is

dominating the results, typically it will be in a subset of the data

containing only the minimum number of observations, and the switching points

for

the

any

the next best 5 or 6 models will be approximately the same as those for

best model.

The program will not perform any transformations of the d~ta. If

transformations

program Is used.

All 80 columns

runs using the same

of the data are desired, they must be made before the

of the title card are available. When doing several

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 their computation Results will not be sorted unless

(n-21n-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 ~ ei and the last 10 by Yi = 64 - 2Xf-t-ei where ei is a randomly

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

1. All of the data are printed in table 2. The computer printout for the

single-equationmodel 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 WJvides no more infor-

mation than the single-equationmodel can be rejected at the 2.63 x 1.0-]’5

level of significance. The results of the two best models are virtually

identical, indicatfug 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-equationmodel is in table 5. The F-

statistic to test the null hypothesis that the three-equationmodel

provides no more information than the two-equation model is 4.71, a value

which 5.snot 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 defining the secondsubsetin the two-

equation model, particularly when the two-equation model is statistically

significant. In such cases it may be useful to eliminate the observations
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Table 2: Data for regression

Values Of ‘i Values ‘fyi

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

23.671529988214
25.322249489482
24.659072392603
23.841611899718
23.249586046996
26.257482774987
24.987434469435
25.471760428436
25.673199955196
25.533911568276
25.996724843737
24.028007968068
24.797920759614
23.294586285301
24.292665615533
24.896533394863
23.622789259551
26.840264205438
24.887054300500
26.747499146303“
23.086481721008
20.868022183915
19.768933387495
17.050362727659
14.259426066515
13.763907284128
11.403447321715
8.702358284691
9.332948471675
4.920778658854
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Table 4: Two phase regression on 30 observations

TOTAL 5sR oOsERvh TloNs R S12UARL 3ETA SO(EET41 ALPHA SD( ALPHA) ssR(J)

,2096 iL+iJ2

,27009L+02

.2 Y768L +02

,5 L351L*U2

.31693L+02

.4> U8bL+02

.5n6f29L+u2

,bIb Y7k*U2

,7ub27L+ui?

,9 bi#9L+U2

,1u622L+U3

.l+i7bL+lIJ

, l>026&+u5

. lb36ut-+u3

.iYlluk+L13

,193 WE+03

,do454L+u3

,2 L339t_+U3

.2!+21SL+03

.2 W49L+03

19.
11.

20.
10.

17.
13.

r!l.
9.

lM.
1’2.

22.
M.

lb.
it+,

23.
7.

15.
15.

2Q.
b.

1+.
lb.

13.
i?.

25.
5.

12.
10.

11.
L9.

?.b.
*.

10.
20.

9.
21.

M.
22.

27.
3.

.01($24
,9Bl~6

,063>’+
.960q6

.007=2
,975s6

,008)2
.973,9

.01475

.975+B

.023,2

.963,3

.001,5

.932,1

.lOb. O

.91k7 ,7

.060 ,J

.910.3

.21073

.916.$9

.00664
,878,, b

.11173

.832,,0

.300!49
,90021

.15328

.812(,8

.30577

.781z6

, 37803
.80654

.305,!5
,77666

.268,1

.76423

.1 B4+3

.75237

.~+lg!
,62785

.04636
-1.92125

‘.01647
-105*74Q

.0164+
‘1.9108z

.02*OIJ
‘1.90622

‘.03253
‘1.9232*

.U 0673
‘1,6 b57g

-. 0613,,
-1. b322b

.U 0394
-1.53791

-.1+537
-1.79100

.01954
-1.4051”

.08119
-1 .26b!3+

-.21961
-i, Y7561j

.1072IJ
-1.17390

.186ub
-1.0767g

-.2e03*
-1. ~Ei174

.18016
-1.01873

.19213
‘.9565i

.16013
-.90010

-.34504
-1.89079

.04387

.0916!

.0+195
,09$89

.04851
,087bl

.0!4169
,11871

,0 Q902
.09557

,0 U72il
,15298

.05287
,12695

.05156

. i9275

.06043

.13387

,05998
,27o5O

,86099
.13995

,06902
.14699

,06987
.37977

.07970

.14118

,07W4
.13.918

.07340

.65104

.09596
012B76

.11998

.12188

.15464

.1;547

.07755
1.45572

24.58917
63,59632

24.41681
63.30750

21$,133037
6L.38724

24.63623
63.02233

24,57612
62.934(s9

2S,011b7
63.3b728

24,69122
56.66423

25,60250
60,81860

24,7070U
53.3.9207

25.93574
59,65137

24. b23f10
50,01756

24.31557
Qb.560QQ

26.57910
64.94361

24.19401
44,26992

23.85061
41.90534

27.12567
62.21952

23. S7589
40.51198

23.832o1
39.03949

23.87202
37,72313

27.72960
62.4EUq3

2. SBSO!I
7,628Ik2

2,ti5357
7.90480

2.2S68&
7, i8968

2.56392
9,002212

2,39666
7,64902

2.855.54
10,40337

2,22327
8,56206

3,11339
11.08627

2.23500
.9.56260

3,49949
14,33025

2.236S3
8. S9192

2,08525
8.64112

3.’42943
17,27712

2.07780
.9,31029

1,89950
8,0673u

9.18399
23.01347

1.92211
7.64160

1,94921
7.29540

1.98576
6.96812

4. U6136
3S, 00329

18.647t2
8.31431

21,06612
S.94288

10.40043
15.36732

25. ib3i96
5.91893

18,63066
13,06228

39.58904
5.89717

13,30320
45.39572

56,69616
5.20119

13.290S4
65.23659

91.02728
5012L99

12. q9532
93.2e279

9.53711
132,22:91

145.9 Q9e!3
4.s2675

9000427
1s4. s1283

6.o’+083
ln5. Q1339

109.10091
4,23S51

6.07765
198. !6203

6. I)Q614
217.33992

6.02598
236,12836

246,25388
*.2382*

F VALUE ttiE5T 2 PHAsE VS >INGLE PHASE} = ZIJ5.89675 SIGNIFICANCE LEVEL (ADJLJSTEO FOR NO. OF REGRESSIONS) : .00000
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Table 5: Three phase regression on 30 observations

TuTAL .SSR OBSERVATIONS R SOUJRC t3ET17 sol fl~rt!) &LPU6 S5(ALPHAI S$R([)

,,+Ju72L+u2

,2 J742t+u2

,r+.75bk+U2

.2 J90uk+U2

+24 U25t. +U2

,2+107L+u2

.2+30 UL+U2

.2*33 .it. *u2

,,?b7i?ik+u2

.2+ E191L+U2

.2>011L+U2

,2>129t. +u2

Al.
9.

10.

13.
7*

10.

11.
d.

11.
,

12.
8.

10.

5.
12.
13.

>.
1*.
11.

17.
5.

Ad.

13.

1::

11.

1::

10.
h.

Iu.

12.
7.

11.

lU,
lU.
lU.

>.
15.
Iv.

L*.
6.

lU.

lU.
9.

11.

15.
5.

10.

19.
0.
5.

19.
3.
B.

9.
lU.
11.

n.
9.

13.

.5n577

.412J5

.900J6

.11173
,553,1
.9 Li0,+b

.30577

.22739

.92.1,,6

, 15328
,39b,5
.9&03b

.195, U
,526,5
.975 ,b

.lrJ3/U

.O?d ,7

.901 ..,0

,007.2
,0917/
.9dU ,b

.11173

.369,4

.’%l,, b

.335,7

.0 U3,9

.’=175f,b

40 U1,5
. 379,, U
.9(10,, b

.153~m

.200 5

.981’/b

.305.,5

.133!.1

.980., b

.195<0

.004,1

.9SUJ6

.U06. +

.397)0

.980,6

.305,,5

.017. >

.981 ,b

.000,3

. 326(,1
,980 ,b

.01UL4

.981:,1

.900,~i

,01+’4
.980j3
,96543

.201311

.0U012

.91Jl, tJ

.184,3

.47555

.975,.5

.18648

.29278
‘A09212b

lo fll19
.42.183

-1.92125

.18646

.21207
-2,00b O<

.A072Q

.3330a
-1.92125

-.232Q5
-,1492.

-1.54744

-.232Q2
‘,07265

‘2. UObO<

‘. UlbU/
-,u1463U

-1.+.212!,

,b all!,
.409U7

‘2.0060-

.lflb4,,
-.0209<

-1,8474+

.0067$

.7 U20J
-1,9212.

.10724

.< 388,
-2,0060<

.lfiul”

.1 +891
‘1 .9212,,

-.232U>
‘.0i63,

-1.92123

.0195+
,44181

-1 .9212.,

.18010

.U 541”
-2,0060.

.u039.
,4966<

-1,9212,

.0217q
-2.3327,
-l,9756b

.0217,,
‘2.93974
-l ,9232&

.19213
-.00393

-2. u060d

.18013
-.23759

-1.1j+74w

.U784U

.13211

.09409

,06902
.L9353
,09(489

,0781$11
.15958
,0916$

.07970

.16788
,09*89

.27250

.05676
,08761

,2725o
.06b33
,09164

.0U851
1.10091

.U. W139

,0690?
,2672k
,U91bIt

.U7644

.lb9b3

.08761

,05287
.67054
.09U89

.07970
,2130~
.0916U

,09596
.1s418
.09489

.27250

.06600

.09489

.06899
,2717U
.09089

,09596
.15359
.0916U

.U601+3
,41226
.09489

.04387

.15031

.37977

,00387
,4~bl13
.15298

.11998
,12703
.0q164

.150611
,ogl+31
,08761

23.85061
ao.13a5Q
b3. S0790

24.31557
16.7*968
b3.30750

23.85061
21,295u6
65.59632

2b.19Qol
19!!)2665
63.30750

24.8*61?
27.08070
bl.38726

2ti, M0617
25,94955
65.59632

2+.63037
27.0395!+
63.30750

2u.31557
17.68275
65.59632

23.85061
24. U5875
61.387?4

24. b9122
11.79570
63.30750

2u.19401
20.839u7
b5.59b32

23.875F19
22.63227
63.30750

24,64617
25.36806
63.30750

24.62380
17.$8286
b3.30750

23,8? 589
23.92717
65.59632

2+.707134
16.45967
b3.30750

26.50917
72.78667
64.94361

24.58917
f15.301w4
63.36728

23,83201
24.876o9
65.59632

23-67202
27.770147
61.38724

1,899s0
5,7!9065
7,90&30

e,o&6z!l
7, SS029
7,90480

1,09950
6,25922
7,62842

?,07780
6,62548
7,90*80

1.73134
2.86052
7.18968

1,7313U
3,36266
7,62802

2,256814
19.95s9n

7,904811

2,08525
8,57536
7,62842

1,.5995n
6,01327
7,109bR

2,22327
15.17669

7,90+80

2.07700
-7.44341
7,62Lw2

1.92211
5.77047
7,90uao

1,731>4
3.5192cI
7,90k80

2.23b53
9,16585
7,90480

1,92211
5.96513
7,62842

2.23500
I;,::m:

.

2.3500S
13.97795

17.27712

2,38805
13.5618U
10. *O337

1,94921
5,2b849
7,62042

1,98576
4,07021
7. 189b8

6,090313
7,31978
3.WEM3

6.09083
6. IL1769
8.51431

9,08’+27
7,10265
5.aU2S8

2.22776
4,60666

15,36732

2.?27?6
12.01208

8.314s1

14,40003
2.u2399
5.94288

9.%3711
6,99937
8.s1451

b, 09083
2.nlti20

15,76732

13.30320
4,u9630
5.9 U2138

9,08U27
b. >5725
8.3!431

6,07765
11. n0338

5.?4208

2,22776
15.8~423

5.9 U2138

12.99532
5,16897
5.94288

b.077b5
9.90835
8.31b31

13.29080
S.(79837
5.9Q288

18,6U712
1,75423
6.z2b75

18.64712
.3061JS

5.139717

6,046111
10.65091

LI.31U31

6002598
3.735*2

15.36732

F VALUE (W5T 3 WA>E VS UES1 2 PHASE) = U,7U8b2 SIGNIFICANCE LEvEL IAoJuSTEO FOR NO. OF REGRCSSIONSj z .90999
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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-equationmodel 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.


