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Latent-Variable, Structural Equation Modeling with PROC CALIS
Larry Hatcher, Winthrop University, Rock Hill, SC

SpecHicaUy, items 1·4 assess comrnltment, items 5·7
assess satisfaction, items 8·10 assess rewards, Items
11-13 assess costs, items 14·16 assess investments,
and items 17-19 assess anernawes.

ABSTRACT
TIlis paper shows how to use the SAS® System's PROC
CAUS to perform path analysis with latent variables.
This is a type 01 structural equation modeling that is
popularly aSSociated with the LlSREl program (Joreskog
& Sorbom,1989). TIlls paper describes a two-phase
procedure recommended by Anderson and Gerbing
(1988) In which you (a) first use cOnfirmatory lactor
analysis to develop an adequate measurement model,
and (b) then follow up by performing II latent-variable path
analysis. For each phase, it shOws hOw to draw a
program figure that identifies all of the parameters lD be
estimated, and how to convert this program figure into the
required PROC CALIS program.

ThiS paper uses Bentler's (1989) conventions of giving
manifest variables (observed variables) short variable
names beginning wHh the letter "Y," and 01 representing
manifest variables as rectangles!n figures. It also uses
Bentler's conven~ of giving latent variables
(unobserved variables) short variable names beginning
with the letter .p (for Factor), and of representing latent
variables as ovals in figures. Given these conventions,
you can see that the 19 rectangles In Figure 1 (variables
V1-V19) correspond to the 19 questionnaire Items, and
that fhe six ovals in Figure 1 (factors Fl-F6) correspond
to the six latent factors.

INTRODUCTION

THE 18 RULES OF STRUCTURAL
EQUATION MODELING

This paper shows how to use the CALIS procedure lD
perfonn path analysiS with latent variables. Specifically,
Hwill show how to test the type of latent-variable path
modellilat appears In Figure 1 (all figures are presented
at the end of this paper). This figure illustrates Rusbult's
(1980) investment model, a theory that Identifies the
determinants of commHment in romantic associations
and friendships.

To perform the analyses described here, you will (a)
prepare program ligures and (b) then convert these
program figures Into PROC CALIS programs. The
following 18 rules will guide you in this process:
Rute1: In general, only exogenous variables are
allowed to have covarlances.

In this model, commitment refers lD an individual's
intention to remain in the relationship. The model in
Figure 1 predicts that a person's commHment to a
relationship is directly affected by his or her
satisfaction with the relationship, the size of the
investments that he or she has put into the
relationship (I.e., the amount of time and energy put into
it), and the attractiveness of his or her alternatives to
the relationship (e.g., how attrectlve Rwould be to be with
a different romantiC partner).

Rule 2:

A residual term must be identified for each
endogenous variable in the model.

Rule 3: Exogenous variables do not have residual
terms.
RUle 4:

Sa~sfaction, in turn, is said to be affected by the
rewards associated with the relationship (I.e., the
number of "good things" come from the relaliOnshipj, and
the costs associated with the relationship (Le., the
number of "bad things" or hardships ~at come with the
relationship) .

Variances should be estimated for every
exogenous variable in the model, including
residual terms.

Rule 5: In most cases,covariances should be
estimated for every possible pair of maMest
exogenous variables; covariances are not
estimated for endogenous variables.
Rule 6: For simple recursive models, covariances
shOuld not be estimated for residual terms.

"V" VARIABLES AND "F"
VARIABLES

Rule 7: One equation shOUld be created for each
endogenous variable, with !hal variables's
name to the left of the equals sign.

Assume that you administer a 19-ttern questionnaire to a
group Of individuals whO are errgaged in romantiC
associations,. and that the 19 items const~ng the
questionnaire are designed to measure the six
investment model constructs described above.

Rule 8: Variables that have a direct effect on that
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endogenous variable are listed to the right of
the equals sign.

DRAWING THE PROGRAM FIGURE
FOR CONFIRMATORY FACTOR
ANALYSIS

Rule 9: Exogenous variables, inCluding residual
terms, are never usted to the left of the equals
sign.

You will facilitate the process of performing a CFA if you
first prepare a program figure that Identifie5 all of the
parameters to be estimated in the analysis. This process
begins by drawing the (uncompleted) program figure
presented here as Figure 2. You can see that it is
identical to the path model presented in Figure 1, except
that each F _iable is now conneCled to every other F
variable by a curved, double-headed arrow (this indicates
that every F variable is allowed to freely covary with
every other F variable in this CFA).

Rule 10: To estimate a path coefficient for a
independent variable, a unique path
coefficient name should be created for the
path coefficient associated with that
independent variable.
Rule 11: The iast term in each equation should be the
residual (diaturbance) term for that
endogenous variable; this E (or D) term will
have no name for Hs path coefficient.
Rule 12:

To estimate a parameter, create a name for
that paramater.

Rule 13:

To fix a parameter at a given numerical
value, insert that value in the place of the
parameter's name.

The completed program figure presented as Figure 3
Ident~1es aN 01 the parameters to be estimated In the
CFA. The following steps show you how to prepare the
various components of this program figure:
Step 1: Identify a residual term for each
endogenous variable. An endogenous variable
is a variable that has a straight, single-headed arrow
poinling at H. All V variables in Figure 3 are endogenous
variables. This paper follows Bentler's (1989) convention
of using the latter "E" to represent residual terms for the
V variables. You can see that an E term has been
created for each V variable in Figure 3.

Rule 14: To constrain two or more parameters to be
equal, use the same name for those
parameters.
Rule 15: In confirmatory feelor analysis, the
variances of the latent F variables are
usually fixed at 1.

Step 2: Identifying variances to be estimated
for the exogenous E variables. An exogenous
variable is a variable that does not have a straight,
single-headed arrow pointing at tt. All E terms in Figure 3
are exogenous variables. Rule 4 slates that variances
should be estimated lor all exogenous variables, and so
the symbol "VAR?" appears below each E term in Figure
3.

Rule 16: In path analysis with latent variables, the
variances of the exogenous F variables are
free parameters to be estimated.
Rule 17:

Rule 18:

In path analysis with latent variables, one
factor loading for each F variable should be
fixed at 1.

Step 3: Fixing the variances of the F
variables at 1, Rule 15 advises that you fix the
variances Of all F variables at 1 in a CFA. This is
illustrated by placing the symbol "VAR=1" in each oval in
Figure 3.

In a confirmatory taClor analysis of a
nonstandard model, the variances of a
manifest structural variable should be a free
parameter to be estimated.

Step 4: Identifying the covariances to be
estimated, The symbol "C?" appears 011 each curved
arrow in Frgure 3, signifying that PROC CALIS will
estimate the covariance between every possible pair of F
varllibles.

A TWO-PHASE PROCEDURE
To test the latent-variable path model of Figure 1, this
paper recommends that you follow a two-phase
procedure recommended by Anderson and Gerbing
(1988). In Phase 1, you will use confirmatory factor
analysis (CFA) to develop an acceptable measurement
model. In Phase 2, you will use path analySis with latent
variables to test the model in Figure 1.

Step 5: Identifying the factor loadinlJ$ to be
estimated. In Figure 3, the symbol "l?" appears on
each arrow going from an F variable to a V variable,
identifying the factor loadings thai are to be estimated in
the analysis.
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See Hatcher (1994) for a detailed discussion of each
statement const~uting the preceding program. Some of
the more important points regarding this program are
summarized belOw.

PREPARING THE PROC CALIS
PROGRAM TO PERFORM CFA .
Below is the entire PROC CALIS program (minus the data
slap) to estimata the model appearing in Figure 3 (line
nurrbers have been added on the left): .
1

COI1AlUANCE
CORR

PROC CALIS

2
3

RESIDUAL
MODIFICATION I

4

5
6
7

B
9

10
11

12
13
14
15

16
17
IS
19
20
21
22
23
24
25
26
27
28

29
30
31
32
33
34
35

36
37

38
39
40
41
42
43
44
45
46

47
4a
49
50

The PROC CALIS statement appears on lines 1-4 of the
preceding program. This statement calls up the CALIS
procedure, and requests a number of options (e.g., the
COVARIANCE optiOn requests that the analysis be
performed on the covariance matrix, rather than the
correlation matrix).

LINEQS
Vl - LvlFl
V2 - LV2Fl
V3 = LV3Fl
V4 = LV4Fl
V5 = LVSF2
V6 = LV6F2
V7 = LV7F2
VB = LVBF3
V9 = LVBF3
VIO = LVIOF3
Vll = LVIIF4
Vl2 = LV12F4
Vl3 = LV13F4
Vl4 = LV14F5
VlS = LV15F5
Vl6 = LV16F5
Vl? = LV17F6
VIa = LVI8F6
Vl9 = LV19F6

The UNEQS statement appears on lines 5-24. This
statament requests that the factor loadings be estimatad
in the CFA. For example, line 6 requests that CALIS
estimate the factor loading for the manifest variable V1.
The fact that the name 'V1" appears to the left of the
equals sign, and the name "F1" appears to the right of the
equals sign means that CALIS will estimate the factor
loading for the manifest variable V1 on the latent factor
F1. The parameter name "lV1 F1" appears in the
equation, meaning that this loading will be given the name
"LV1Fl".

Fl + EI,
Fl

4-

22,

+ E3,
Fl + E4,

Fl

F2 + ES,
F2 + E6,
F2 + E7,
F3 + E8,
F3 + E9,
F3 + Eill',

F4
F4
F4
F5
F5
F5
F6
F6
F6

+ Ell,
+ E12,
+ Ell,
+ E14,
+ E15,
+ E16,
+ E17,
+ EIB,
+ B19,

The sro statement appears on lines 25-32, and this
statement requests that vartances either be estimated or
fixed; Lines 26-31 fix the variances of all ot the F
variables at 1. Une 32 requests that variances be
estimated for E1 through E19. It requests that Ihese
variances be given the variance estimate names VARE1
through VARE19.

STD

Fl

=

1,

!'2

:=

1,

F3
F4

= 1,
= 1,

F5

0;;;:

F6

= 1,

11'

E1-E19
CO'l

Fl
Fl
F1
Fl
F1
F2
F2
F2
F2
F3
F3

The COY statement appears on lines 33-48, and R
requests that covariances be estimated for every .
possible combinatiOn of F variables. For example, hne 34
requesta that CALIS estimate the covariance between Fl
and F2, and that CALIS giVe this covariance the name
'CF1F2".

= VAREl-VARE19,

The VAR statement on line 49 merely lists the manWest
variables to be analyzed.

F2 = CF1F2,
FJ = CF1F3,
F4 = CFIF4,
FS = CFIFS,
F6 = CFlF6,
F3 = CF2F3,
F4. = CF2F4,
FS = CF2F5,
F6 = CF21'6,
F4 = CF3F4,
FS = CF3F5,

SUBMITTING THE PROGRAM AND
REVIEWING THE RESULTS
In conducting this analysiS, you would next submR the
preceding program, and review the output of PROC
CALIS to detarmine whether your measurement model
provides an adequate fit to the data. If not, you would
use the output of CALIS to modify the model so as to
attain a better fit. Space constraints preclude an
adequate discussion of the steps to follOW when doing
this; see Hatcher (1994) for a delailed discussion of
these steps.

F3 F6 = CF3F6,

F4 1'5
F4 F6
FS F6

= CF4FS,
= CF4F6,
= CFSF6,

VAR VI-V19 ;
RllN,
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on Fl (commttment). To test this prediction. you will
request that CALIS estimate the path coefficient lor this
path. In the program ligure, this is symbolized by placing
the symbol 'P?" on the appropriate causal arrow.
Similarly. you can see that the symbol "P?" appears on
each straight arrow going from on~ F variable to another F
variable in FIgure 4.

DRAWING THE PROGRAM FIGURE
FOR A LATENT-VARIABLE PATH
ANALYSIS
Once you have used CFA to develop an adequate
measurement model, you will modify the program figure
presented in Figure 3 so that tt is transformed into a
model appropriate for path analYSis with latent variables.
Figure 4 presents such a model: It is a completed
program figure for path analysis with latent variables.

PREPARING THE PROC CALIS
PROGRAM TO PERFORM LATENTVARIABLE PATH ANALYSIS

Notice that, in FlQure 4. the man~est variable V4 no
longer appears. Assume that this is because the CFA of
the measurement model (discussed above) showed that
V4 was doing a poor job of assessing lalent faclor Fl.
Because of this, V4 was dropped from all subsequent
analyses.

Below is the entire PFIOC CALIS program (minus the data
step) to estimate the model appearing in Figure 4 (Une
numbelS have been added on the left):
1

2
3
4
5
6
7
8
9

You should complete the following steps when
transforming the program figure for CFA (presented in
Figure 3) inlo the program figure for latent·variable path
analysis (presented in FlQure 4):
Step 1: Delete the variance estimates for the
endogenous F variables. in Figure 4, the symbol
"VAR?" no longer appealS in the ovals for F1 and /"2. This
is because they are now endogenous variables, and you
do not estimate the variances 01 endogenous variables.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Step 2: Create 0 terms for the endogenous F
variables. Rule 2 indicates that you must create a
residual term lor each endogenous variable in the figure,
and since Fl and F2 are now endogenous variables. you
must create residual terms lor them. Notice how this is
done in FlQure 4: The residual term 01 is created lor Fl,
and 02 is crated lor /"2. Since 01 and 02 are exogenous
variables, the symbol "VAR?" appealS below their names
in the figure, consistent with Rule 4.
Slep 3: Estimate the variances of the
exogenous F variables. Because F3-F6 are now
exogenous variables in a path model, you must now
estimate their variances. This is done in Frgure 4 by
placing the symbol "VAR?" in the ovals for F3-F6.

PROC CALIS

COVA<!ANCE
RESIDUAL
MODIFICATION ;
LlNEQS

VI k LVIFI
V2
LV2Fl
V3 =
VS k LVSF2
V6
LV6F2
V7 VB = LV8F3
V9 = LV5F3
V10 =
V11 = LVllF4
V12 =
V13 = LV13F4
V14 =
V15 = LV15F5
V16 = LVl6F5
V17 = LVl7F6
VIS =
Vl9 = LV19F6
k

k

Fl

28
29
30
31
32
33
34
35
36
37
3S
39
40
41
42
43

Step 4: Fix one f,ctor loading at 1 for each F
variable. To solve the scale indeterminacy problem,
Rule 17 indicates that you must fix one factor loading at
one for each F variable in your model Notice how this is
done in Frgure 4: With respect to Fl, the lactor loading
for V3 has been fiXed at 1 by Wl'itingthe number "1" next
to the appropriate causal arrow; with respect to F2, the
lactor loading for V7 has been fixed at 1 in the same way
(and so Iorth. for the remaining F variables).
Step 5: Identifying the path coefficients to
be estimated. In Figure 4, you can see that a straight,
single·headed arrow goes from F2 to Fl. This reflects the
prediction that F2 (satisfaction) will have a causal eIIect

1400

= I?FIF2

Fl + El,
Fl + E2,
F1 + E3,
F2 + E5,

F2 + E6,
F2 + E1,
F3 + EB,
F3 + E9,
FJ + El()',

F4
F4
F4
F5
F5
F5
F6.
F6
F6

+ Ell,
+ E12,
+ Ell,
+ E14,
+ !lIS,
+ E16,
+ E17,
+ ElS,
+ E19,

F2

+

PFIF5F5
!?FIF6 F6
F2 = !?F2l!'3 F3
PF2F4 F4

+

+ 01,
+
+ 02;

8TO

EI-E3
E5-E19
F3-F6
01-02

= VAREI-VARE3,
= VARE5=VARE19,
= VARF3-VARF6,
- VAROI-VAR02;

C(N

F3
F3
F3
F4

F4
F5
:1'6
F5

=
=
=
=

CF3F4,
CF3F5,
CF3F6,
CF4F5,

F4 16 "'" CF4F6,

F5 F6 = CF5F6;
V1lR Vl V2 V3 V5-V19
RUN;
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SUBMITTING THE PROGRAM AND
REVIEWING THE RESULTS

Many of the equations in the preceding program are
similar to those used In the program that performed CFA.
Because those equations were discussed earlier, they
will not be discussed again In this section. Instead, this
secti:>n will describe how some equations from the earlier
program had to be modified in order to estimate the model
presented In Figure 4.

After the program has been submitted for analysiS, you
will review the results for PROC CALIS to again assess
the extent to which the model provides an accaptable fit
to the data. Because this is a path analysis, however,
you will also review output to (a) determine wihether the
path coefficients depicted in Figure 4 were slgnfficant
and in the predicted direction, and (b) assess the
parsimony of your model. Hatcher (1994) provides
detailed guidelines for these activities.

Firs~ notice that, on line 9, the name for the factor
loading "LV3F1" has been dropped from the equation for
V3. This has the effect of fixing that factor ioadlng at 1.
Thls Is appropriate, because Figure 4 shows that the
factor loading for the path from F1 to V3 was to be fixed at
1. In the same way, notiCe thai factor loadings have also
been fixed at 1 in the equations for V7, V10, V12, V14,
and V1S. These are the same lactor ioadlngs that,
according to Figure 4, were supposed to be fiXed at 1.

CONCLUSION
The purpose of this paper was to introduce a shuctured
approach for using PROC CALIS to perform path analysIS
with latent variables. Due to space constraints, this
paper was not able to cover many issues that are
Important in structural equation modeling. Such issues
Include the problem of model ident~lcation. appropriate
methods for interpreting the results of the analysis, and
problems associated with model modffication. For a more
detaited treatment of these and related issues, see
Bolian (1989), Hatcher (1994). and Loehlin (1987).

Next, you can see thai lines 25-27 present the equalion
thai identifies the F variables thai are predicted to have
causal effects on F1 (you know that this Is the equation
for F1, because the short name "Fl" appears 10 the left of
the equals sign). The short variable names F2, F5, and
F6 appear to the right of the equalS sign in this equation,
indicating that they are the vanables expected to have
direct effects on Fl, Line 25 shows that the path
coefficient name 'PFl F2' has been given to the path
coefficient that represents the effect of F2 on F1, line 26
shows lIlat the path coefficient name 'PF1 FS" has been
given to the path coefficient that represents the effect 01
F5 on Fl, and so forth. In the same way, lines 28-29
identify the F variables predicted to have direct effects
onF2.
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