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Many difficulties inherent in the measurement of growth stem from the u~e of traditional measure-
ment methodologies. The longitudinal Guttman simplex (LGS), an alternative approach based on a
model of growth, is discussed in this article. The LGS has several advantages over traditional method-
ology. First, interindividual differences in developmental rates are a part of the model. Second. ihe
LGS procedure can easily handle any number of occasions of measurement. Third, the LGS is suited
to nonlinear as well as linear monotonic growth. Fourth, a consistency index associated with the
LGS methodology, CL. indicates the extent to which cumulative, unitary development characterizes
a particular latent variable. Finally, and perhaps most important, because a model of the growth
undergone by the latent variable being measured is incorporated in the LGS model the resulting
instruments enjoy a high level of construct validity. The LGS is limited to cumulative. unitary devel-
opment; additional measurement theories are needed for other kinds of development.

Although the ultimate goal of measuring growth is to infer
functional curves for individuals, in practice this is a difficult
goal to attain. Much of the difficulty stems from the methodol-
ogy In current use for developing instruments to measure
growth in a laten: variable. For the most part traditional mea-
surement theory, including classical test theory and item re-
sponse theory, is hased on the idea of an unchanging true score
and thus is poorly suited to development of measures of growth.
Yet psychological research on growth generally relies on tradi-
tional psychometric methodology. One purpose of this article is
to demenstrate how traditional measurement theory is lacking
in relevance to the concerns of researchers who wish to measure
monotonic individual growth, and that the requirements for de-
veloping ar 1g items 10 make up an instrument measur-
ing monotonic individual growth of a latent variable are differ-
ent from those commonly used for single-occasion instrumens.

An alternative 10 traditional methodology 1s needed, one
offering criteria for development of insiruments that are more
relevant 1o the measurement of growth. Such an alternative 1S
suggested in part by the work of those researchers—suct
gosa, Brang 1
and Bryk and !
perspective on long-standing debate about the statistical
treatment of individual growth data. A cornerstone of this new
perspective is the philosophy that an explicit a priori model of
individual growth is an indispensable part of the study of
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growth (e.g., Rogosaetal., 1982). One important implication of
this point of view is that the key to measurement of individual
growth lies in using an explicit model of individual growth to
guide measurement theory.

No single approach to measurement could be general enough
to embrace all the different models of growth and change ap-
pearing in the psychological literature. However, cutting across
many functional curve models is one simple, important, and
reasonably general aspect of growth thai serves as the focus of
this article. Regardless of its exact form. the change featured by
most growth models is inonotonic. Thus, a fundamental charac-
teristic of scales that purport to measure growth is that they
change monotonically across time within individuals, A second
purpose of this article is 1o describe a new measurement theory
based on a model of monotonic individual growth. This alterna-
tive measuremeni theory is called the longitudinal Guitman

simplex.

The problems with traditional approaches 10 measurement
of monotonic individual growth arise in two areas, First, tradi-
tional approaches are not based on a model of individual
growth in the latent variable, limiting the construct validity of
the resulting measures. Second, traditional approaches place a
heavy empbhasis on within-time interindividual variability in la-
tent variables to the exclusion of across-time intraindividual
variability. Yet the latter is the essence of individual growth,
whereas growth in a population can and does occur in the ab-
sence of within-time interindividual differences, The purpose
of this section is to show how, for these reasons, traditional psy-
chometric methodology is inadequate for and largely irrelevant
to development of scales to measure monotonic growth.
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MEASUREMENT OF GROWTH 129

As a starting point, consider one commonly used and, on the
surface, reasonable approach to evaluating an instrumeni to
measure growth. The approach is to define an adequate mea-
sure of monotonic individual growth as an instrument that
shows satisfactory reliability at each occasion and exhibits
monotonic change in mean total score across occasions. Be-
cause this procedure lacks a model of individual growth, it does
not distinguish between a monotonic increase in mean total
score based on instances of monotonic growth exclusively and
one based on a mixture of monoionic growth and decided de-
partures from monotonicity. However, as Rogosa et al. (1982)
pointed out, if the latent variable being measured is hypothe-
sized to undergo monotonic growth, then only an instrument
reflecting monotonic growth at the individual level ensures ade-
quate construct validity.

Itemns With Zero Within-Time Interindividual
Variability

The misplaced emphasis on within-time variability that oc-
curs when traditional measurement procedures are applied to
measures of monotonic growth can result in the inappropriate
removal of items from a scale. This occurs when items that have
a within-time interindividual variability of zero are branded
“constanis” and routinely removed. irrespective of whether
they show across-time intraindividual variability. There are sev-
eral reasons why researchers routinely discard items that have
a variance of zero at one or more occasions. One reason is that
because the correlation of a constant item with any other item
1s undefined, it does not make sense to include such items in any
statistical procedures based on correlations, such as regression,

ctor analysis, or item-total correlations. Another reason is
hat if constant items are included in an instrument develop-
ment procedure, they typically reduce measures of within-time
scale consistency to some degree. For example. adding & con-
stant items to a measure originally # items long reduces Cron—
bach’s alpha or Kuder-Richardson 20 by a factor of k/(in — 1) ¥
(n+wx—1).

However, any item that subjects are failing on one occasion
and then passing on another occasion is reflecting growth over
time irrespective of the amount of inte "1 dividual within-time
variability it contributes. For example, suppose childhood
growth occurring in a certain sequence is being measured——say,
a very simple math skills sequence involving first addition
skills, then subtraction, then multiplication. then division.
Clearly, a test measuring development along this dimension
would have to include items from all four domains in order o
claim adequate content validity. Suppose that on one occasion
when the test is administered most of the children can add. a
substaniial number can subtract, and a few can multiply, but
none can divide. Thus, the division items are constants because
no one has passed them. When the test is administered again a
vear later the division items are no longer constants, but the
additior: items are constants because everybody has passed
them. To see the effect that the practice of routinely discarding
such items can have on content validity, consider what the mea-
sure discussed in this example would be like with the addition
item, the division item, or both removed. The very limited use-
fulness of traditional methods in this context is illustrated by
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their inability to assess whether the constant items belong in this
measure of monotonic growth. The major measures of intellec-
tual development, such as the Stanford-Binet Intelligence Scale,
the Wechsler Intelligence Scale for Children, and the Bayley
Scales of Infant Development, escape this criticism. They in-
clude items that are passed or failed by all children at a given
age. This is one of the enduring strengths of these measures.

Reliability

Few researchers would dispute that under most circum-
stances scales should be constructed so as to maximize reliabil-
ity, which is an indication of “imprecision and precision of
tests” (Lord & Novick, 1968, p. 61). However, because the tradi-
tional definition of reliability is based solely on within-time in-
terindividual variability, it has little to do with the precision
of a measure of monotonic growth (Rogosa et al., 1982). The

traditional definition of instrument reliability as the ratio of
within-time interindividual true score variance to total within-
time interindividual variance,

2
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has little relevance to growth. Equation | shows that given the
same NOnzero error variance, a population with a large within-
time interindividual true score variance will yield a higher reli-
ability than a population with a small within-time interindi-
vidual true score variance. This means that where the subject
population is relatively homogeneous with respect to the latent
variable being measured, such as in a study following an ability
through the school years in a cohort of children, a measure can-
1ot show large reliability even if it is reflecting growth with per-
t accuracy.

One suggestion for avoiding this problem might be to base

mstmmeﬂ development on samn!es that are heterogeneous
with respect to the latent variable being measured (assuming
that such variability exists in the population) in or dei 0 ensure
an amount of wnhm lzme mt fzndxwduﬂ frue score v

at s sum
iiy. Anothe ugge
volves 1d° 1tify
true rate of lin
this paramete e‘ abilii}; is then redeunéd as the proportion
of imerindivldual bility in th ic attributable to in-
terindividual \ailabl,i} in the parameter. However, both of
these strategies lead to the evaluation of instruments in terms
of criteria that are not directly relevant to the measurement of
individual growth. Although in a particular growth situation
there may be interindividual differences in either the latent vari-
able or the rate at which the latent variable is changing, it is
quite possible to have neither and still have across-time intrain-
dividual variability (e.g., growth).

It is worth noting that although high test-retest reliability is
often considered desirable in measures of behavioral develop-
ment (e.g., Rushton, Brainerd, & Pressley, 1983), using this esti-
mate of reliability does not avoid the problems we have listed.
An instrument measuring growth may not produce a substan-
tial between-occasions correlation even if the measure is a very
accurate one. Given the same degree of measurement precision,

estion (Rogosa et al., 1982: Sauoe,
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130 LINDA M. COLLINS AND NORMAN CLIFF

a population whose members all develop at the same rate will
produce larger test-retest correlations than a population whose
members develop at different rates. Thus. except in the rare in-
stances where there is complete between- subjects homogeneity
of developmental rate. the test—retest correlation i 15 not a good
reflection of the precision with which a measure reflects growth.

One Approach to Measurement of
Monotonic Growth: The Longitudinal
Guttman Simplex

The preceding discussion demonstrated that a new approach
to measurement of growth is needed, and that this new ap-
proach must have several characieristics. First. it musi take as
a starting point a model of the growth process. Second. criteria
for evaluating instruments must be based on intraindividual
differences (i.e.. individual growth) rather than on interindivid-
ual differences. Third. because individual differences in growth
rate are 10 be expected in almost every situation. the presence
of interindividual or even intraindividual differences in growth
rate should not lead to the conclusion that the scale in question
is inconsistent. This section offers an alternative that has these
characteristics. Discussed in this section is the longitudinal
Guttman simplex (LGS: Collins & Cliff, 1985 Collins. Chff. &
Dent, 1988). the first measurement model especially for devel-
opment of instruments for longitudinal measurement of mono-
tonic change.

Cumulaiiy LGS Model

e. Unitary Development and the

As discussed earlier. th
growth is an explicit theory about the nature of individual
growth in a particular research situation. The theory of individ-
ual growth forming the basis of the LGS is called cumulative,
unitary growth. By cumularive. it is meant that as new skills are
anuxmd previously acquired skills are retained. By wnitary: it
is meant that all subjects develop in the same direction. In other
words, all skills are acquired in the same order.
r;uired a skill is not lost.

‘he LGS s an extension of the familiar Guttman simplex
modu (Guttman, 1950). There are (wo important differences
between the Guitman simplex and the LGS model. First.
whereas the Guttman simplex is a two-set model. where the sets
arc persons and items, the LGS model incorporates a third set.
time. Second. the Guttman simplex is a joint order of persons
and items: that is. an ordering of the data matrix so that the
items are ordered by difficulty. the persons are ordered by abil-
ity, and persons and items order each other. In contrast, the LGS
model is a joint items-times order consisient across pPersons.
The joint items-times order consistent across persons 1s a kev
feature of the LGS. It means that for each person there 1s an
internally consistent Guttman scale of items and times, and that
every person’s Guttman scale provides the same ordering for
items and times.

The LGS is an operationalization of cumulative. unitary de-
velopment. To see how this is so consider Table 1. which shows
a hypothetical example of data on a math skills acquisition
measure. In the hypothetical example. there is a measure with
four items. one for each of four skills. taken in Grades 1. 2. and

and once ac-

e first step in developing a measurc of

Table |
Hypothetical Example of an LGS
Child Addition  Subtraction  Multiplication  Division
Child A
Grade | Pass Fail Fail Fail
Grade 2 Pass Pass Pass Fail
Grade 3 Pass Pass Pass Fail
Child B
Grade | Fail Fail Fail Fail
Grade 2 Pass Pass Fail Fail
Grade 3 Pass Pass Pass Pass

Note. LGS = longiiudinal Guttman simplex.

3 by Child A and Child B. Growth in math skill is cumulative
here because as more skills are acquired, previously acquired
skills are retained. For example, Child A, who has learned mul-
tiplication. still passes the subtraction and addition items.
Growth is also unitary, because both Child A and Child B are
acquiring skills in the same order, Thus, it is clear that - Table |
1s an example of ulmu]auvc unitary growth. Another way of
looking at Table 1. however, is as a perfect 1 LGS, with a join

Hems-times ordu consistent across the two children. For (,dCh
of the two children, there is a joint order of items and times.
This joint order is consistent across the two children. ordering
the times such that math skill is clearly increasing over time and
ordering the items such that they are passed in the following
order: first addition. then subtraction. then multiplication, then
division.
7 11! e 1.GS

“Model and Scale Development

Inanyinstrument development work. it \51mo<,
the degree of internal scale consistenc i
such famihar consistency indices as C ronbsw s alpha and the
coetheient of scalability. Because the LGS is
model with an axi omam du‘mmon (Collins

muud ax10ms i empiri Ldl iata hzs 1s LhC 'wDr ach taken by
Cl.a consxstcm} m_ue,x for longitudinal Gutiman sc i
opcc by Collins et al. (1988).

CL provides a aneu measure of the consistency of empirical
ddla with the axioms of the LGS model by countin ng order re-
tations (Clifi. 1977). The starting point for this is the 2 X 2 re-
sponse patiern made up of an individual’s responses o two
items at two times. These response patterns contain order re-
lations: that is. they provide an order for the items. for the times,
or for both items and times. Those order relations that are con-
sistent with cumulative, unitary deve elopment represent in-
stances of adherence to the LGS mode] axioms in the data: any
other order relations represent violations of the LGS model ax-
IOIT]S.

The CL index is defined as follows:

le)
S

Consistent B
Total

Expected consistent
Expected total
Expected consistent

] —
Expected total
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In Equation 2, consistent refers to a weighted total of order re-
lations in the data that are consistent with the LGS model. The
weighted total includes the number of item-difficulty order re-
lations that are in agreement with the model across times plus
the time-progress order relations that are consistent across
items. Added to these is the number of consistent “unique” re-
lations; that is, the number of instances where a pair of items
are unordered at one time (both are passed or both are failed)
but are ordered in a way consistent with the model at the other
time. Total refers to a weighted total number of item, time, or
unique relations, whether consistent or inconsistent with the
model. Expected consisient and expected total refer to the
weighted total of relations of each kind that would be expected
simply on the basis of the differences in marginal frequencies
between items and across times.

Weights are applied differentially to the item orders, time or-
ders, and unique orders so as to achieve a high degree of sensitiv-
ity to small differences in scale consistency. Note that CL incor-
porates an adjustment for consistency that would be expected
due to chance, that is, the apparent consistency in Gutiman
scales that is attributable to differences in item marginals. In
the case of the LGS, the adjustment is made both within times
and across times. Thus, CL is an adjusted, weighted proportion
of the total number of order relations consisient with the model
axioms. CL can be used to indicate overall scale consistency,
and CL-if-item-deleted can be used to help indicate items
whose removal would improve scale consistency. (For addi-
tional details on the development of CL., see Collinset al., 1988.)

The metric of CL differs from more familiar consistency indi-
ces in that it is often lower than might be expected. Part of the
reason for this is that CL is focused at the item level, and thus
isanalogous to an average interitem correlation. A similar effect
is found in other item-level indices of cross-secticnal consis-
tency such as the one proposed by Loevinger (1947) and later
by Mokken (1971) and Cliff (1977). We are currently working
on consistency indices for measures of monotonic change that
will apply at the total score level.

Artificial daia illustration. To illustrate the use of the LGS
methodology and to contrast it with traditional methods,
now analyze two artificial data sets. Suppose a researcher wxsh-
ing to develop a measure of cumulative, unitary monotonic
growth pilot tests a six-item instrument involving 20 subjects at
two occasions. The resulting data appear in Table 2. Traditional
methods seem to indicate that these six items make up a consis-
tent measure of growth. First, all six items are sensitive 1o
growth, as reflected in the increase in passing probabilities
shown in Table 3. Second, Table 2 shows that the items and
persons form a perfect Guttman scale at each occasion. Third,
the difficulty order of the items is identical across times, suggest-
ing that they form a growth sequence.

In fact, these data were generated so that five of the items
form a perfectly consistent LGS and the remaining item does
not belong in the scale. Table 3 shows that the scale CL improves
dramatically when Item 2 is removed. This may seem paradoxi-
cal when traditional methods indicate that this item is a part of
a perfect Guttman scale. However, although this item is part
of a perfect cross-sectional Guttman scale, it is not part of a
cumulative, unitary developmental sequence. This can be seen
by examining the data in Table 2. The footnoted response pat-

Table 2
Hypothetical Data Set 1

Occasion | items Occasion 2 items
| 2 3 4 5 6 i 2 3 4 5 6
0 0 0 0 0 0 i 0 0 0 0 0
0 0 0 0 0 0 1 1 i 0 0 0
0 0 0 0 0 0 1 I l 1 0 0
0 0 0. 0 0 0 I 1 0 0 0 0
0 0 0 0 0 0 { 1 1 1 1 0
0 0 0 0 0 0 { 1 1 [ 1 1
1 0 0 0 0 0 { l 0 0 0 0
1 0 0 0 0 0 l [ 0 0 0 0
l 0 0 0 0 0 1 1 I 1 0 0
1 I 0 0 0 0 { 0 0 0 0 0*®
1 1 0 0 Q 0 { 0 0 0 0 0*®
1 1 0 0 0 0 { 0 0 0 0 0®
1 l 0 0 0 0 i 0 0 0 0 0®
1 1 [ 0 0 0 i 1 1 0 0 0
1 1 I 0 0 0 [ i 1 1 0 0
| 1 1 0 0 0 1 I 1 1 [ 0
1 1 I 0 0 0 1 { 1 I I 1
1 1 l { 0 0 i 1 1 1 i 0
1 i 1 1 0 0 I i 1 1 1 1
| 1 1 { | 0 I 1 1 [ I 1

* Inconsistent with a longitudinal Guttman simplex model.

terns are those that are inconsistent with the LGS model axi-
oms, because although the rest of the items reflect monotonic
growth, Item 2 reflects nonmonotonicity. That is, if Item 2 is a
part of the scale, this indicates that some individuals engage in
nonmonotonic developmem by gaining Item 1 and item 2, and
then losing Item 2.

There are two other aspects of this analysis that are worth
noting. First, as Table 3 shows, at the iﬁ st occasion item 0 1s a
constant because no one has passed it; at the second occasion
Item [ is a constant because no one has fai ed it. These items
both reflect growth over time and are perfectly consistent with
the ofhefzfeﬂs in me Sf*ale 2 ,,,,, hough, as mscuspd earlier, many
would routinely discard them.
?}econci, Mmougn ihc rauo\,ai of Ttem 2 produces a perfect
LGS, the correlation between scale scores on the 1wo occasions
is only .49, reflecting the fact that different individuals grow at
different rates. A researcher using tesi~retest reliability as a cri-
erion would probably scrap this measure, even though it is an
excellent measure of cumulative, unitary growth. Although in-
dividual differences in growth rate make a periect test-retest
correlation impossible, Tab‘e 3 shows that such 1ndividual
differences do not affect CL

Now suppose another researcher interested in developing a
measure of growth collects data on a sample of individuals who
are all of the same ability and who develop at the same rate. At
the first occasion, all subjects give the response pattern (00000);
at the second, all subjects respond (10000); at the third, (11000);
at the fourth, (11100); at the fifth, (11110); and at the last,
(11111). Unlike the data in Table 2, these data do not form an
items—persons Guttman scale at each occasion. In fact, at anv
single occasion all of the items are constant. Thus, there is no
within-time scale, and examination of the data panel by panel
will not shed any light on sequencing of the items. Yet there is

A~F
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Table 3
Item Passing Probabilities and CL if ltem Was
Deleted for Artificial Data

ltem Time | Time 2 CL if item deleted
] 0.70 1.00 0.47
2 0.55 0.75 1.00
3 0.33 0.60 0.38
4 0.15 0.50 0.38
3 0.05 0.35 0.38
6 0.00 0.20 0.40

Note. CL = a consistency index for longitudinal Gutiman scales (Col-

lins. Clifl. & Dent. 1988).

agreat deal of individual growth, thatis, a great many intraindi-
vidual across-time differences. The data show quite clearly that
there is an items-times joint order, in other words. that individ-
uals pass the items in an ordered sequence and that this se-
quence 1s the same for all individuals. The CL for these data is
unity. indicating that the five items form a perfectly consistent
measure of cumulative. unitary development,

Empirical data illusiration. The purpose of this illustration

1s 1o show that an instrument may appear to be a measure of

cumulative. unitary monotonic growth by uddmonal criteria
and vet fail to be consistent with the LGS model. The data pre-
senied here were originally analvzed by Rock and Pol ack-Ohls
(1987). who 100k a sample of 1,500 individuals from the High
School and Bevond 1980 sophomore cohort data file. Each stu-
dent had completed a 3§-item math test in 10th grade and again
in 12th grade. Rock and Pollack-Ohls’s goal was to develop a
measurc based on some subset of the 38 items that would tap
several levels of math skills development. where “ideally the
higher levels would require all the skills at the lower levels plus
some new skill unique to that level™ (p. 4).

Rock and Pollack-Ohls (1987) began by constructing four 3-
item “testlets.” each of which reflected mastery of one of the
following mathematics operations: (a) single operations on
whole numbers: (b) powers and roots. decimals. and fractions:

) low-level algebra: and (d) low-level geometry and moderate-
level algebra. The testlets were then used as items. A mastery
criterion was determined. with a subject demonstrating mas-
tery given a / and a subject failing to demonsirate mastery given
a (). The purpose of constructing testlets was to improve reliabil-
ity at the item level. and this novel strategv appears 10 have
worked quite well.

At first glance, these data appear to form a highly consistent
LGS. Table 4 shows that within each time the difficulty order
of the testlets is as would be expected. that is. with Testlet | the
least difhcult and Testlet 4 the most difficult. In fact, Rock and
Pollack-Ohls (1987) reported that the testlets form a highly con-
sistent Guttman scale within each occasion. with approxi-
mately 90% of respondents contributing perfectly consistent re-
sponse patterns at each occasion. Table 4 also shows that each
of the testlets is sensitive to change over time, reflected by an
increase. although relatively modest. in passing probability be-
tween 10th and 12th grade. However. despite this apparem con-
sistency the CL for these data is only .19, CL-if-item-deleted
shows that thislow CL is not caused by one problem item alone.
CLincreasestoonly .21 if Testlet | is deleted and to .20 if Testlet

2 is deleted, and decreases if Testlet 3 or Testlet 4 is deleted.
Thus, the conclusion is that these four tesilets do not form a
consistent LGS.

Although CL is not based directly on response patterns, it is
instructive to examine the response patterns to see why data
that are apparently so consistent do not form an LGS. Tabile 5,
which contains a cross-tabulation of the Time | and Time 2
response patterns in these data, shows clearly why the Rock and
Pollack-Ohls (1987) data do not form a consistent LGS. The
LGS model makes two implications for an individual’s response
pattern. The first implication is that each response pattern wili
be consistent with a perfect Guiiman scale ar each time. In this
case. there are five such possible within-time response patterns.
If the testlets are ordered numerically, the only response pat-
terns should be (0000), (1000). (1100), {1110), and (11i1). Ta-
ble 5 shows that about 20% of the subjects in the Rock and Pol-
lack-Ohls data provide non-Guitman response patterns at one
or both occasions. The second implication made by the LGS
model is that across time an individual’s response pattern will
show monotionic growth consistent with the directicn of growth
exhibited by all other individuals in the population. The diago-
nal of Table 5 shows that about 40% of the subjects did not
undergo any change at all between the first and second occasion.
The rcmahino subjects, who are in the upper and lower trian-
gles of Table 5 (excluding the non-Gutiman row and column),
are subjects with consistent response patierns who exhibit
change. Because in the Rock and Pollack-Ohls data growth is
taking place in a positive direction overall, as Table 4 shows, if

these data were perfectly consistent with the LGS model the
lower triangle oi“TabIn 5 would be empty. In conirast, about two
thirds of these subjects are above the diagonal, showing growth
in ability between 10th and 12th grade, and }bou‘r one thlrd are
below the diagonal. showing decline. Thus, } i
form a consistent LGS because there is relatively little change
over time. and what change does occur is not 1 *ncmc oni
all.only about one quarter of the szabyects conitri nued e
completely consistent with the idea of cumulative, unit
velopment.

ponses

ary Lr~
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The conclusion from this analysis is that,
form Guitman scales within times and show I_zodez
across times, it 1s only moderately true that these ma

xhibit monotonic growth. Another way t

hr-s\ four math skills do not constitute an L

modest degree.

Discussion

The measurement procedure outlined here fits in well with
the procedures for analysis of growth described by Rogosa et al.

Table 4
Item Passing Probabilities for Rock and
Pollack-Ohls (1987) Daia

Item Time | Time 2
Single operations .67 72
Powers. roots .40 47
Low-level algebra 23 33
Geometry .06 .09
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Table 5
Cross-Tabulation of Response Patterns Jor Rock and
Pollack-Ohls (1987) Data

. Twelfth grade
Response Non-
pattern 0000 1000 1100 1110 1111 Guttman Marginal

Tenth grade

0000 217 133 24 6 0 28 408
1000 100 164 63 33 7 50 417
100 10 40 73 84 12 29 248
1110 3 7 32 90 52 18 204
Il 0 0 3 17 44 3 67
Non-Gutiman 18 30 30 32 6 20 156
Marginal 350 374 225 282 121 148 1500

(1982) and Bryk and Raudenbush (1987), involving fitting a
regression equation for each individual’s growth trajectory and
then examining group differences in the regression coefficients.
Use of the LGS methodology will result in improved measure-
ment of monotonic growth, enhancing these analyses. There are
four features of the LGS methodology that make it particularly
suitable in this context. First, as discussed earlier the LGS meth-
odology does not penalize for individual differences in growth
rate. Thus, measures can be developed over an entire sample
even if large individual or group differences in developmental
rate are expected. Second. Rogosa et al. (1982) and Rogosa and
Willett (1985) have called for use of more occasions of measure-
ment in longitudinal studies. The LGS is unique among mea-
surement models in that it can easilv handle any number of
occasions of measurement. For example. the second artificial
data set discussed in the previous section involved six occasions
of measurement. The LGS model places no upper limit on the
number of occasions of measurement. Third. the LGS model
is a model of monotonic growth. but not necessarily of lincar
growth, so the model is well suited to various kinds of nonlinear
but monotonic growth. Fourth, CL is an important adjunct to
research involving constructs that are believed to undergo cu-

mulative, unitary development because it reveals the extent io
which this is or is not the case. For example, CL showed that
although math skills may form a hierarchical structure within
times in the Rock and Pollack-Ohls (1987) data, these data offer
little evidence for a hierarchy of monotonic skill acquisition
across time.

The ordinal approach taken here may seem less desirable in
some ways than positing continuous functions to describe
change, as for example, Rogosa and Willett (1985) have done.
However, it can be difficult to substantiate Iht idea that either
observed scores produced by psychometric instruments or the
latent variables estimated by them are defined more than ordi-
nally (Cliff, 1989, in press). Thus, looking for monotonic
change on such variables seems reasonable. Models more spe-

cific than the highly general one of monotonicity remain, of

course, desirable. Collins (in press) suggested stochastic move-
ment among latent classes as a more specific model, and pre-
sented ways of analyzing data to test the models and identify
change.

(%)
(%)

OF GROWTH 1

Post Hoc Scale Development

We have emphasized the a priori development of instru-
ments. However, scale development is not always a priori. Often
a researcher is confronted with a large array of variables or
itemns and wishes to explore the data for subscales. The aim of
the exploration may simply be to reveal some substantively in-
teresting subscale structure, or there may be a desire to go fur-
ther and use scores on the subscales for subsequent analyses.
LGscLus (Collins et al., 1988), a procedure for the exploration
of data for longitudinal Guttman subscales, is an agglomerative.
nonhierarchical clustering procedure using CL as a cluster ho-
mogeneity index. This procedure is one of the few exploratory
procedures developed particularly for longitudinal research.
(For more information about LGSCLUS, refer to Collins et al..
1988.)!

Measurement of Growth and Construct
A More General Perspective

Talidity:

We have advanced an approach arguing that measurement of
growth cannot proceed without an explicit a priori model of
growth, and have demonsirated how a model of cumulative,
unitary monotonic development has led to a measurement
model. Our view that measurement theory is inextricably
bound 10 substantive theory is rooted in some of psychology’s
most well-established measurement traditions. As Coombs
(1964, p. 5) has remarked, “a measurement or scaling model
is a theory of behavior, ddmltt@dl} on a miniature level, but
nevertheless theory A longitudinal Gutiman scale is an
operational definition of a theory of cumulative, unitary devel-
opment.

Such a close connection between subsianiive theory and me
surement theory helps maximize construct validity. To take an
example. consider a very simple theory of infant motor dwelop-
ment. This theory predicts not only that motor skill increases
from birth to 18 months, but that ledxen learn first 1o grasp
an object, then to sit up, then <.o stand, then o walk. '”1 a;l\ a
process like this is more | just an overa
skill. If it were me U\, this, mc oldﬂ in w
the various skills
before sitting up, some nouk SLcmd buo;c being able to grasp
an object. and so forth. Because this theory of infant motor de-
velopment specifies that babies acquire skills in a particular or-
der any motor development measure motivated by the theory
will reflect this order if it has good construct validity. To do
otherwise is to ignore a theoretically central aspect of the
growth process.

Collins et al. (1988) referred to latent variables that change
systematically over time as dynamic and to latent variables that
are not expected to change systematically as szatic. This termi-
nology places the measurement of growth in the context of
other measurement problems, and serves as a reminder that the
concerns are somewhat different when growth is being studied.

' LGscLus software (Collins, Dent, & Cliff, 1986) and LGSINDEX soft-
ware (Collins & Dent. 1986), which computes quantities helpful in in-
strument development. are available from the authors. These proce-
dures are described in detail in Collins et al. (1988).
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It also facilitates a broader conceptualization of growth. Dy-
namic latent variables may take many forms other than cumu-
lative, unitary development, depending on substantive consider-
ations. For example, some dynamic latent variables may be best
represented as cumulative stage sequences where some individ-
uals skip a particular stage; others may undergo development
that is not cumulative; others are best represented as continuous
autoregressive processes. Theory may predict gain during a cer-
tain period followed by loss in another period, or that individual
change occurs at a certain average rate. In short, there is an al-
most infinite number of conceptualizations of the growth pro-
cess.

This highlights an important limitation of the LGS model—
it is suitable only for dynamic latent variables whose growth
can be approximated by cumulative, unitary development. If
the growth of interest in a particular research study is of some
other form, then the LGS procedures would be a poor choice
for instrument development. New methodologies are needed for
the development of instruments measuring the many varieties
of dynamic latent variables featured in psychological theory
and research. These new methodologies will undoubtedly be
quite different in many ways from the LGS, but those offering
a high level of construct validity will start with a2 model of devel-
opment.
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