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Measurement theories in psychology may be classi-
fied in terms of whether they begin from a general
measurement framework or from a specific area of
measurement. Points of contact between theories and
different specific measurement areas have been limited
by the choice of focus in discussions of general mea-
surement theories and specific theories or models. This
presentation outlines a metatheoretical framework that
begins with the obvious common factor in all areas,
the standard system of measurement. Just as a stan-
dard is a commonly accepted unit of measurement, a
standard system is a commonly accepted mechanism
of measurement for a given area. The concept of a
standard system amplifies general definitions of mea-
surement and clarifies metatheoretical statements con-

cerning the requirements for measurement. Differences
between measurement situations may be categorized
by the type of standard system used and by features of
the attribute measured. Identification of different stan-
dard systems and elements of the measurement process
provides a focus for comparisons between measure-
ment theories and models in different measurement
situations. Index terms: applied measurement
models, comparison of measurement models, definition
of measurement, measurement process, measurement
theory, metatheoretical framework for applied mea-
surement models, standard systems of measurement.

Measurement theories attempt to explain how
and under what circumstances it is possible to use
numbers to represent information about magnitudes

of attributes. Two types of theories can be iden-
tified, depending on the generality of the discus-
sion. Some measurement theorists have focused on

the general case, such as Campbell (1928), Ellis
( 1966), ~itchell (1986), Stevens ( 1951 ), and Suppes
and Zinnes (1963), while others have dealt with

specialized areas or aspects of measurement, such
as Johnston and Pennypacker (1980), Lord (1953),
Torgerson (1958), and Wherry (1982). These latter
developments concern specific topics such as be-
havioral observation, latent trait theory in testing,
scaling, and personnel assessment, respectively.

Points of contact between general measurement
theory and applied measurement areas have been
limited by the restricted discussion in general mea-
surement theory and by the highly specialized na-
ture of the discussions in specific measurement sit-
uations. General measurement theories have focused

on such issues as the formal requirements for

achieving a particular scale type, whereas special-
ized areas of measurement have been concerned
with models related to characteristics of the mea-

surement instrument and/or evaluation of the mea-

surement outcome. What is needed is a broader

focus for measurement theory so that the concepts
of applied measurement areas can be brought into
the context of general measurement theory. This
paper shows how focusing on the common factor
in all measurement-a generic concept for the

mechanism of measurement-coupled with an op-
erationalized analysis of the requirements for mea-
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surement that incorporates the concept, can inte-
grate a metatheory of measurement and discussions
of applied measurement.

Focusing on the common factor serves several
additional functions:

1. It expands current definitions of measurement
by showing that an agent is specified in the
act of measurement, which provides a more
complete definition.

2. It helps establish that measurement should be
conceptualized as a two-stage process. The ini-
tial stage involves an assessment made by a
mechanism., and the second stage converts that
assessment into numerical information. Some-
times these two stages are accomplished con-
currently so they appear to be part of a single
process.

3. It provides a general measurement theory basis
for areas of measurement that do not currently
have one. Discussions of psychological mea-
surement involving human assessment of be-
havioral attributes (e.g., Johnston & Penny-
packer, 1980; Landy & Farr, 1986; Mitchell,
1979) have not provided a foundation for con-
sidering human and test assessment as alter-
nate approaches to deriving measurement out-
comes. This presentation attempts to provide
such-a, foundation.

4. It provides a basis for a systematic analysis of
types of measurement situations. This serves
a heuristic function in helping to identify points
of similarity and difference between them,
which may lead to an increased interchange
of ideas and concepts between areas.

Issues in Measurement Theory

General measurement theories have focused on

one or more of three issues: (1) definitions of the
act of measurement; (2) statements of the logical
or formal requirements in measurement; and (3)
determination of the type of scale that may be de-
rived from measurement. The first two refer to the

issue of the necessary conditions required for the
appropriate use of numbers in measurement and

the third to the types of scalar information that may
be derived from measurement.

Definitions of Measurement

Stevens (1946, 1951 ) defined measurement as
the &dquo;assignment of numerals to objects or events
according to rules’ ’ (1951, p. 1) ~ He used the term
numerals specifically because he wanted to allow
for the possibility for one type of assignment that
led to what was termed a nominal scale, in which
numerals could be used to identify objects or events
but did not imply the order, interval, or zero char-
acteristics of the number system. Torgerson ( 195~)
suggested that the nominal form of assignment was
not really measurement at all but a type of ‘ ‘r~~m-
ing.&dquo; He also proposed that the properties of ob-
jects or events were being measured and not the
objects themselves. As a consequence of these two
disagreements, Torgerson (1958) modified Ste-

vens’ definition to &dquo;Measurement of a property
... involves the assignment of numbers to systems
to represent the property&dquo; (p. 14).
A third more elegant and general definition may

be derived from the presentation of Suppes and
Zinnes (1963). In their terms, measurement in-

volves the mapping of an empirical relational sys-
tem onto a numerical relational system. The em-

pirical relational system refers to a set of magnitudes
of the attribute of interest, and the numerical re-
lational system designates the set of numbers that
may be used to represent the magnitudes. Mea-
surement involves the conversion of information

about the empirical system into the numerical sys-
tem.

These definitions are similar because they each
mention an attribute to be measured, the numbers
that result from the measurement, and the notion

that magnitudes of the attribute are somehow as-
signed to, or mapped onto, different numbers. The
definitions do not emphasize or refer specifically
to a general mechanism for performing the assign-
ment or mapping.

Statements on the

Requirements for Measurement

The most pervasive and influential statement of
the requirements for measurement is attributed to
Campbe!1 (1928). These requirements have been
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referred to in one form or another in subsequent
discussions of general measurement theories (e.g.,
Ellis, 1966; Fraser, 1980; Stevens, 1951; Suppes
& Zinnes, 1963). Campbell stipulated in the first
two &dquo;laws&dquo; of measurement that the relations iden-

tified in the number system must be empirically
demonstrable in the property being measured. The
first law is referred to as that of order, which per-
mits statements such as A > j8 to be made. The

second is the additivity requirement, so that state-
ments such as C + D = E can be made.

The stipulation of the additivity requirement meant
that an empirical operation of addition had to be
demonstrated in the magnitudes of the property
before the additivity function in the number system
could be invoked. This did not seem possible for
many attributes. The matter went to court, in a

sense, when a committee was set up by the British
Association for the Advancement of Science to ar-

bitrate whether Stevens’ (1936) sone scale of loud-
ness was measurement. One of the committee

members, J. Guild, expressed the view that
Any law purporting to express a quantitative
relation between sensation intensity and stim-
ulus intensity is not merely false but is in fact
misleading unless and until a meaning can be
given to the concept of addition as applied to
sensation. (Committee Final Report, 1940, p.
345)

As has been pointed out by others (e.g., Fraser,
1980), this particular requirement creates difficulty
not only for psychological attributes but also for
many physical properties, including density or tem-
perature, where additivity cannot be demonstrated.

of in Measurement

A variation on the requirements for measurement
was introduced by Stevens (1946, 1951). In his
1951 statement he indicated that 6 ‘A rule for the

assignment of numerals (numbers) to aspects of
objects or events creates a scale&dquo; 9 (p. 23). The type
of scale that was generated in a given measurement
situation was directly related to the characteristics
of the number system that could be used. Stevens
outlined the basic scale types as being the nominal,
ordinal, interval, and ratio. The nominal scale did

not incorporate any of the characteristics of the
number system, whereas the ratio involved all of

them-namely, order, equality of interval and ex-
istence of an origin. Subsequent writers have sug-
gested the possibility of other scale types. For ex-
ample, Coombs ( 1953) included the possibility of
an ordered-metric scale, and Torgerson (1958) pro-
posed the possibility of an ordinal scale with zero
point.

The of a Standard
System of Measurement

None of the discussions of general measurement
theory emphasizes or even specifically introduces
a concept for the mechanism of measurement. At
the same time, the applied measurement literature
has referred to a number of different terms to iden-

tify these mechanisms. Specific concepts such as
instrument, test, rater, questionnaire, mechanism,
inventory, judge, in addition to the term &dquo;scale9’,
have been used to identify measuring devices. Gen-
erally these terms have been identified with a spe-
cific measurement situation and have not been ame-

nable to generalization across measurement
situations. For example, the concept of a scale as
used in personality assessment would need to be
generalized beyond recognition to apply it to stim-
ulus scaling or to observational assessment of be-
havior. The introduction of a generic concept would
not only identify an important component in mea-
surement theory but would also provide the basis
for generalizations across applied measurement sit-
uations.

The concept being proposed as the generic term
for the mechanism of measurement is a standard

system. A standard system is defined as any device,
mechanism, or discriminative process that may be
used to denote and indicate extent of magnitude or
differences between magnitudes of a property.
Magnitude refers to any specific amount of a prop-
erty or attribute being measured. Discriminative
process is used in the same sense as when it was

first introduced by Thurstone (1927) and with the
same intent. It provides for the possibility that hu-
man judgment could be used as a basic standard
system in the estimation of magnitudes or deter-
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mination of differences between magnitudes. The
term denote designates the act of encountering the
magnitudes of the property by the standard system.
For a measurement to be effected, the standard

system must encounter, or somehow come into

contact with, the property.
The term standard system was chosen to refer

to the generalized measurement mechanism be-
cause as a new term it will not be associated with

any given area of applied measurement and there-
fore does not connote or denote specific mecha-
nisms. The term system is used in the same general
sense suggested by Suppes and Zinnes (i963) in
referring to the terms empirical and numerical re-
lational systems. A standard system provides a des-
ignated mechanism for converting infornation about
the empirical system into the numerical system.
The term standard is used in a similar vein to that
used in the context of units of measurement. Just

as a standard is a commonly accepted unit of mea-
surement, a standard system is a commonly ac-
cepted mechanism for the measurement of a given
attribute.

An Analysis of Measurement Issues
Based on Standard Systems

Definition of Measurement

The concept of a standard system makes possible
a definition of measurement which specifies that
an agent is involved. It also makes clear that an

important element in the measurement enterprise
is the identification and/or development of an ap-
propriate standard system for a particular attribute.
Measurement may then be defined as use of a stan-

dard system to map magnitudes of properties or
attributes onto a formal system, such as that of the
number system.

For Measurement

What seems evident from statements on mea-

surement requirements is that unique situations have
been used as prototypical examples; as a result, the
theory has limited applicability. Campbell (1928)

and others, for example, focused on particular
properties, such as length and mass, when they
specified the requirements for measurement, It is

possible to perform the operations stipulated by
Campbell logically and empirically for small mag-
nitudes of length. In this case it may be perceptually
evident to the human observer that relations be-

tween magnitudes could be identified so that the
relationships A > .~ or C = D could be determined

for the magnitudes. In the case of most other prop-
erties, however, this evidence is not available di-

rectly to the human observer and it is therefore

necessary to rely on mechanisms to identify order,
equality, or an absence of magnitudes. These
mechanisms are standard systems for the measure-
ment of the property of interest.
A completely generalizable statement suggests

that when any standard system is used to establish
order or equality among magnitudes, a numerical
statement about these magnitudes is justified. In

the example used by Canxpbell (1928), human ob-
servation acting as a standard system was used to
identify equality of two magnitudes, such as the
length of two rods. When a pan balance is used to
establish equality of two weights, the balance in
conjunction with human observation determines the
equality of the weights.
The approach taken here generalizes the state-

ment regarding the determination of empirical
equalities and orders to include those determined
by standard systems other than those based on di-
rect human observation. Other standard systems
can be used to identify order or equality among
magnitudes. The generalized statement proposes
that when any standard system can be shown to

identify order among magnitudes or equality be-
tween magnitudes, a numerical statement about these
relationships is possible. The critical evaluation of
such statements rests in confirmation that the state-

ments of order or equality can be verified. In the
case of human observation, the evaluation involves
confirmation by other observers.

In the general case, however, verifiability of the
assessments consists of two p~rtse ~ (1) whether other
standard systems (of the same or different types)
agree; and (2) if agreement is found, whether a

relationship between the magnitudes and the in-
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dications of these magnitudes provided by the stan-
dard system can be established. In the case of direct
observation, as in the observation of lengths, these
two tests may be evaluated concurrently, If several
individuals agreed that X > F for two magnitudes
that were being observed directly, and none dis-
agreed, the researcher would have confidence in
assigning a larger number to X.
When direct observation of the attribute is not

possible, sequential verification can be performed.
First, determine whether different standard systems
intended to measure an attribute in fact give the
same indication of magnitude. Then, test for the
relationship between the magnitude of the property
and the indication of the magnitude provided by
the standard system in a theoretical and indirect

way; this may be determined by a validation pro-
cess that establishes the standard system as a ver-
idical and meaningful indicator of the attribute.

Scale Types

The term scale has not always been interpreted
in a consistent manner. Although Stevens proposed
that a scale &dquo;be identified as the rule of assignment
[in measurement] ... the term ’scale’ is sometimes
used to refer to the measuring instrument, and
sometimes even to the standard of Measurement&dquo; 9

(Kaplan, 1964, p. 189). The term should convey
the notion that the characteristic(s) implied in the
use of the numbers reflect something about the
information that was obtained concerning magni-
tudes of attributes. If this is the case, and given
the ambiguity involved in using the term scale, it

might be more useful to refer to the type of metric
information that is conveyed in the numbers. The
metric information may be derived directly or in-
directly from the information provided by the stan-
dard system.

The Measurement Process

Statements on the requirements for measurement
in general measurement theory are theoretical in
nature and do not deal specifically with the practical
aspects of arriving at a measurement. In contrast,
discussions in applied measurement areas have been

concerned with the construction of standard sys-
tems and determination of measurement accuracy.
What is needed is an operationatization of mea-
surement requirements that can be used as a me-
tatheoretical guideline in any applied measurement
situation.

The beginning point in any measurement situa-
tion is the construction or use of a standard system
that may be used to differentiate between the mag-
nitudes of attributes. The end point is the evaluation
of whether the numerical values assigned to the
magnitudes are justified. The intermediary steps
specify how the standard system is used to make
an assessment of the attribute and what use of the

number system is permitted. These aspects of ar-
riving at a measurement will be referred to as com-
ponents of the measurement process.

Components of the
Measurement Process

First, the process requires the identification of
an appropriate standard system. For most physical
attributes this implies the creation of some physical
system. As Astin (1968) made clear, the devel-

opment of physical systems is a highly technical
matter. For psychological attributes the measure-
ment process involves developing or using standard
systems which differ in kind, but not in the com-

plexity involved. As with physical standard sys-
tems, the construction of psychological systems
such as ability or achievement tests, for example,
is a highly technical matter. A categorization of
standard systems used in psychology is presented
below.

~ec&reg;nd, the measurement process requires that
the standard system denote the attribute of interest.
The standard system must be capable of encoun-
tering, interacting with, or identifying the pres-
ence, similarity, magnitude of difference, or ab-
sence of the property. Different standard systems
denote the attribute of interest in different ways.
A statement about denotability in any measurement
situation would involve protocol or descriptive
statements on how the attribute may be dimen-

sionalized, how the standard system encounters the
attribute, and how assessments are made.
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The term denotability was used by Allport (1955,
p. 19) to designate the perceptual encounterability
of an object, attribute, or property. In the present
context, the term is used to identify the possibility
that a property or attribute may be made manifest
or evident by or through a standard system, but not
be directly and immediately observable. For ex-
ample, a particle of matter may be denotable only
through an electron microscope. Or a distant planet
may be denotable only by a radar telescope which
translates the information to make it identifiable to

the human senses. In psychology much measure-
ment involves denotability through the interaction
between the standard system and the attribute. In

psychological testing, for example, it is just such
interaction between the test and the person that

makes possible the assessment of latent attributes.
Denotability issues involve the determination of

the extent of scientific agreement on whether a

particular standard system is denoting a given prop-
erty or attribute. This could range from complete
agreement to complete disagreement. For cases in
which the evidence is clear, as would be the case
when a ruler is being used to measure length, agree-
ment might be very high. This occurs because gen-
eral agreement exists regarding what constitutes the
property of length and regarding the appropriate-
ness of using the ruler to measure that property.
When self-report standard systems are used to mea-
sure personality characteristics, however, agree-
ment tends to be somewhat lower. The term sci-

entific agreement suggests that some degree of rigor
is needed to identify and stipulate the degree of
agreement; the way that it is determined may vary
in different measurement situations.

The notion of a standard system denoting an
attribute has implications for understandings of
measurement that involve the term &dquo;operational
definitions.&dquo; Rather than discussing the definition
of a construct in terms of the operations necessary
for its measurement, the act of measuring an at-
tribute can be referred to in terms of the interaction

that takes place between a particular standard sys-
tem and the attribute. The attribute to be measured

is in a sense defined and the assessment pro-

grammed into the standard system by the psy-
chologist observing or conceptualizing the attrib-

ute. Such a specification is more precise in its

implications than the specification of an operational
definition because an investigator is not free to

specify any definition. There must be scientific

evaluation and agreement on the denotability of the
attribute, and the accuracy of the assessment, by
a particular standard system.

Third, a model must be specified for deriving
metric information from the assessment provided
by the standard system. The derivation of metric
information may be conceptualized as a two-stage
sequential process. The first stage consists of the
assessment by the standard system. The second
involves the conversion of this assessment to nu-

merical information consistent with the appropriate
usage of the number system. When the standard

system is provided with a calibration in terms of a
unit system, metric information is derived simul-

taneously with the assessment by the standard sys-
tem. A quantity is obtained by comparing a specific
magnitude of the characteristic with the number of
units indicated by the standard system. An ability
test containing calibrated items is an example of
such a direct determination of metric information

using a unit of the standard system.
Metric information can be derived indirectly as

well by using a model describing the conversion
of the information provided by the standard system.
Thurstone’s ( 1927) Law of Comparative Judgment
and Coombs’ (1950) Unidimensional Unfolding
technique are examples of such conversions. In

addition, comparisons provided by the standard
system could be converted to a z- or T-score system
in which scores are compared in terms of the stan-
dard normal curve.
The assessment provided by the standard system

serves as a basis for representing the magnitudes
by the number system. The specific characteristics
of the number system that may be employed in that
representation are dictated by the type of infor-
mation provided by the standard system. Coombs
(1953), Stevens (1946), and Torgerson (1958), 9
among others, discussed some of the basic metric
representations.

Fourth, criteria and procedures must be devel-
oped for determining the extent to which the mea-
surement outcome accurately represents and re-
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flects the attribute being measured. These criteria
may be derived from the generalized statement of
the requirements for measurement. They evaluate
whether the indications of a given magnitude pro-
vided by the standard system are verifiable or repli-
cable through independent standard systems, eval-
uating empirically or inferentially whether the
different quantities indicated by the standard sys-
tem accurately reflect different magnitudes of the
attribute of interest, identifying the conditions that
might modify an appropriate measurement out-
come, and establishing the meaningfulness of the
measurement outcome. The procedures designed
to evaluate whether these criteria have been met

may need to be more detailed and elaborate for

some attributes and some types of standard sys-
tems. The procedures would differ somewhat, for
example, depending on the type and degree of de-
notability of the attribute and the operating char-
acteristics of the standard system.

Types of Standard
Systems s an Psychology

The importance of the concept of a standard sys-
tem lies not only in the fact that it highlights an
important element of the activity of measurement,
but also in that it permits a useful categorization
of applied measurement situations. These can po-
tentially be differentiated in terms of the type of
standard system that is being used and other dis-
tinguishing features of the measurement situation.
An analysis of applied measurement situations

suggests that at least three differentiable types of
standard systems exist in psychology. The differ-
entiation is based on the descriptive features of the
measurement mechanism used at the point of in-
teraction between the standard system and the at-
tribute being assessed. These types are the ele-

mentary, devised, and dual-process standard
systems.

The Elementary Standard System

The elementary standard system is identified with
the use of the human capacity to distinguish be-
tween magnitudes of attributes which may, through

appropriate calibration and/or conversion pro-
cesses, provide metric information. In psychology
as in other disciplines, there are many attributes
that can only be denoted, and magnitudes differ-
entiated, in this way. The term elementary refers
to this type because the assessment provided is

more primitive from an historical or accuracy per-
spective. The measurement of most physical prop-
erties was undoubtedly preceded by human obser-
vation and assessment prior to the development of
more precise devised standard systems.
The conceptualization of standard systems of

measurement that includes the possibility of human
assessment provides a basis for integrating these
types of assessments within a general measurement
theory. Previous discussions of personnel assess-
ment (e.g., Landy & Farr, 1980) and behavioral
assessment (e.g., Johnston & Pennypacker, 1980)
have not provided a theoretical basis for concep-
tualizing the human as a measurement mechanism.

The Devised Standard System

Devised standard systems are constructed by
psychologists to denote and determine magnitudes
of certain characteristics of individuals just as de-
vised standard systems are constructed by physi-
cists to determine magnitudes of physical proper-
ties. Devised standard systems include ability tests,
achievement tests, and the many physical instru-
ments used in psychology to measure behavioral
attributes.

The Dual-Process Standard System

The third type of measurement situation asso-
ciated with self-report instruments involves two
standard system processes. It includes, as one ele-
ment, a constructed standard system consisting of
a series of questions developed by the psychologist.
This represents an independent standard systems. In
addition, the respondent’s interaction with the stan-
dard system requires a self-assessment which can
be considered as a separate standard system as-
sessment. Both of these components of the mea-
surement situation need to be analyzed to determine
the meaningfulness of the measurement in these
categories.
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Seven categories of
Measurement

Although types of standard systems describe basic
differentiating features for measurement mecha-

nisms, other structural and/or functional features

might usefully be highlighted between different
measurement situations. The human standard sys-
tem, for example, has been used to make assess-
ments of stimuli in scaling studies, to make esti-
mates of observable behavior in studies of infant

movement, and to assess latent attributes such as

effective performance. Each of these represents a
slightly different task for the human standard sys-
tem.

Devised standard systems can be further differ-
entiated in terms of defining and operating char-
acteristics. Multi-item tests of latent ability and
achievement attributes may be contrasted with

physical mechanisms used to measure behavioral
movement. In addition, the dual-process assess-
ment of personality characteristics may be distin-
guished from the dual-process assessment of pref-
erences and interests. The former involves a self-

assessment of the individual’s typical behavior,
whereas the latter focuses on a p~rs&reg;r~9s evaluation,
of a given object or situation.

Based on such considerations, seven categories
of measurement representing different measure-
ment situations have been identified. These are

summarized in Figure I . The columns to the right
identify the different categories of measurement
associated with each type of standard system.

Standard Systems s

Category 1: Elementary assessment of stim-
uli. This category consists of situations in which
the human observer estimates the magnitude of a
stimulus property or a non-behavioral attribute of
another organism. The human standard system can
compare the stimuli to each other to determine sim-

ilarity, difference, or degree of difference as well
as identify the magnitude of the stimulus with some
response system that has been learned. Several re-
views (Dawes, 1972; Guilford, 1954; Torgerson,
1958) outlined these methods and indicated simi-

larities and differences between them. far the
most commonly used methods are variations of the
rating scale and the method of magnitude estima-
tion introduced by Stevens (1956).

C~te~&reg;r~ ~ Elementary assessment of be-
havior. This of measurement involves using
the elementary standard system to assess observ-
able behavior. The category is associated with the

type of assessment undertaken in developmental
studies of infants’ and children’s behavior (e.g., ,
Fassnacht, 1982; Hutt & Hutt, 1970) or in the area
of behavioral observation (e.g., Johnston Pen-
nypacker, 1980). The focus is on directly observ-
able behavior that may be counted or dimension-

alized in some way.
Category 3: Elementary assessment of latent ai-

tribute. This of measurement is ex-

emplified by the performance rating and personnel
assessment literature (e.g., Landy & Far, 1980;
Saal, Downey, & Lahey, 1980). The focus is on
the human standard system, which makes estimates
of characteristics by inferences from the behavior
of other humans. These standard system estimates
of human characteristics are retrospective
ratings of the behavior, and it is generality assumed
that a high rating is associated with &dquo;good&dquo; to

&dquo;excellent&dquo; performance and a low rating is as-

sociated with &dquo;poor&dquo; performance. The basic in-
formation that enters into the evaluation of a char-

acteristic or overall performance is the remembered
or described behavior inferred or indicated to be

relevant to that characteristic or overall perfor-
mance.

Devised Standard Systems

Category 4: Devised assessment of and
achievement. This refers to the use of the familiar

multi-item test as a measure of ability and achieve-
ment. The test consists of individual items which

are intended to measure a given latent attribute.
Ability and achievement tests have sometimes been
differentiated for measurement-related reasons.
Glaser for example, identified the former
as norm-referenced and the latter as criterion-ref-
erenced measurement.
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Figure 1
Types of Standard Systems and Categories of Measurement in Psychology

Category 5: Devised assessment of behav-
ior. This is the measurement situation in which

the standard system is a physical instrument which
reflects or records the magnitude of some behavior.
An actometer used to assess activity level in chil-
dren (e.g., Eaton, 19~3) would be an example of
such an instrument, as would the electr&reg;rriy&reg;gr ~ph
and the pupilometer. Instruments of this type are
extensively used in experimental studies of behav-
ior.

~~~~&reg;~~°&reg;~ess Standard Systems s

Category 6: Dual-process assessment &reg;~‘pe~°s&reg;r~-
ality. The prototype of this measurement situa-
tion is the questionnaire or self-report personality

test. The standard system consists of a set of ques-
tions or statements with which the respondent must
agree, in a true-false format, or indicate extent of
agreement in a Likert-type response format. From
the perspective of a standard system analysis, this
measurement situation involves two types of esti-
mation procedures. One is associated with the in-
dependent standard system consisting of test items
developed by the test constructor, and the other is
associated with the respondent’s self-assessment of
the characteristic under consideration in the test

item. The ultimate magnitude of direct interest to
the psychologist is the extent to which respondents
report that they possess the characteristic of inter-
est.

Category 7: Dual-process assessment of pref-
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erences and interests. This category of measure-
ment is similar to the previous one in that both
involve a form of self-report. It is differentiated

because the response is not so much a self-evalu-

ation, as it was in the previous category, as a per-
sonal evaluation of the object, situation, or activity
being portrayed in the items of the standard system.
The responses must be unfolded (Coombs, 1950)
or analyzed in other ways (Dawes, 1972; Torger-
son, 1958) to uncover the respondent’ position on
the continuum defined by the items of the standard
system.

Categories of Measurement and
~&reg;~~9s of the Measurement Process

The designation of different categories of mea-
surement and elements of the measurement process
identifies a basis for a metatheoretical framework
for organizing and evaluating specific measurement
models. Figure 2 outlines such a framework in
schematic form. The categories of measurement are
outlined row, and elements of the measurement
process form the columns. Examination of estab-

lished theories and models of measurement in the

context of the framework identifies whether

uniquenesses of the category of measurement are
considered, whether all elements of the measure,-
ment process are included in the model, and the
extent to which the model is generalizable over
categories.

A number of theories and models have been for-

mulated in the different applied measurement lit-
eratures. An exhaustive analysis of all measure,-
ment theories and models is not possible here because
of the considerable numbers involved, but some

examples should suggest the unique perspective
that this rnetath~c~retic~l framework provides.

Standard System Issues

The single most important aspect of measure-
ment situations that leads to differentiations be-

tween models relates to the operating or construct-
tion characteristics of the different standard systems.
These impose requirements and/or restrictions on
the model. For example, a model involving the
elementary standard system should take into con-
sideration the perceptual and cognitive aspects of
the assessment, as Feldman’s (1981) performance
appraisal model in Category 3 has done.

In addition, the model should consider between-
and within-standard system variability in assess-
ment. A number of models dealing with this issue
have been described in the first three categories.
Some examples are ’T~~hts&reg;&reg;~i~~r9s (1973) dy-
namic range theory and Poulton’s (1979) discus-
sion of bias in sensory judgments in Category 1;
Kazdin’s (1977) description of artifact, bias, and
complexity in Category 2; and Cronbach’s (1955)
model of judgmental accuracy in Category 3. Al-
though these three categories focus on similar is-

~’~~~~e 2
Schematic Framework for Identifying and Organizing Specific Measurement Models
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sues of human variability in judgment, they differ
with regard to the unique types of attributes that
are assessed.

In other categories (e.~.9 Category 4), the mea-
surement outcome depends on the construction

characteristics of the standard system, and issues
related to item and test difficulty and whether a
time limit is imposed become important. The con-
struction characteristics are quite different in Cat-
egory 5 (e.g., Martin & Venables, 1980). The op-
eration of physical instruments depends on the

particular design and materials used.
Category 6 models of dual-process assessment

must consider the dual aspects of the assessment
involved in the measurement. The construction
characteristics of the standard system and the char-
acteristics of the self-assessment need to be con-

sidered. Wiggins (1973), for example, indicated
that sources of variance in response to self-report
personality tests can be identified with &dquo;(a) by-
products of the strategy under which a scale is

~&reg;~strt~cted9 (b) item characteristics which intro-
duce method variance, (c) organized response styles
which exist in the individual, and (d) manifest-
tions of a particular construct domain&dquo; (p. 426).
The sources of variance identified in ca, b, and d
are associated with the test, whereas that identified
in c is associated with the individual.

Denotability

Denotability issues are addressed in a model when
statements are made regarding issues such as how
the attribute is dimensi&reg;na~ized9 how the standard

system encounters the attribute, and how the as-
sessments are made. Very few measurement models
deal with this issue in any detail.

Different standard systems present quite differ-
ent assessment situations. Elementary standard sys-
tem assessment involves observation and cognitive
evaluation, devised standard system assessment ire-
volves a direct interaction between the standard

system and the attribute, and dual-process situa-
tions involve elements of both. Some models that

have discussed denotability issues are Thurstone’s s

(1927) model of discriminal processes in Category
1, Johnston and Pennypacker’s (1980) model of
dimensional quantities in Category 2, Feldman’s
model of cognitive assessment in Category 3, and
Lord’s (1953) model of latent traits in Category 4.
Each of these provided some detail that is more or
less descriptive and/or speculative concerning the
way in which an assessment of the attribute is ef-

fected.

Metric ~~f~~° ~~I&reg;~

Some quite elaborate models have been pre-
sented for translating standard system assessments
into metric information. In other cases, however,
a fully developed model is not specified for a mea-
surement situation. Users of a rating scale, for ex-
ample, may assume that a metric is built into the
creation of a five- or seven-point line segment.
An example of a fully developed model in Cat-

egory I is ’I’h~rst&reg;~e’s ( 1927) Law of Comparative
Judgment which permits the transformation of a
comparative judgment to an equal interval metric.
The model specifies in some detail how proportion
judgments may be converted into distance infor-
mation in the standard normal curve.

An example of a reasonably well-developed model
in Category 2 has been outlined by Johnston and
Pennypacker (1980). They defined the basic de-
scriptive elements of observable behavior in terms
of what they refer to as dimensional quantities of
that behavior: latency, duration, and countability.
Latency and duration are time-related descriptive
elements of the behavior, whereas countability re-
fers to the number of discrete behaviors that occur

per unit time.
In Category 3, much of the measurement relies

on rating scale assessments. Models in this area
generally assume that metric information may be
derived directly from the ratings assigned by the
elementary standard system. In Category 4, the

latent trait model provides for an estimation of the
magnitude of the latent ability in terms of item

difficulty. Coombs’ (1950) model of Unidimen-
sional Unfolding is an elegant model associated
with Category 7 measurement.
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Models of Measurement Accuracy

The term accuracy is used here in a generic sense
and is not tied to a particular area or model. In
theory, accurate measurement occurs when a faith-
ful representation of magnitudes or differences ber-
tween magnitudes is captured by the standard sys-
tem. In practice, accurate measurement may be
approximated by adopting appropriate strategies at
each step in the measurement process. However,
the determination of measurement accuracy usually
focuses on the opposite case, that is, establishing
whether the measurement outcome includes some

type and amount of error. The existence of error

may be indicated when standard systems of the
same or different type disagree on magnitudes and/
or when a relationship between the magnitudes and
the indications of the magnitude provided by the
standard system cannot be hrmly established. A
measurement model dealing with accuracy speaks
to the issue of how accurate assessment is estab-

lished or how error is conceptualized or identified.
A number of measurement models in the applied

psychological measurement literature may be viewed
as models of measurement accuracy or inaccuracy.
Models of true score (e.g.. Lord & Novick, 1968),
generalizability theory (Cronbach, C~l~s~r, Nanda,
& Rajaratnam, 1972) and person reliability (lumps-
den, 1977) all discussed how (in)accuracy should
be conceptualized. Although some models have
been developed with Category 4 as a focus, vari-
ations of the model have been reported in other
areas, such as the version of true-score theory out-
lined for Category 3 measurement (Wherry, 1982).

Other models have identified the basic sources

of inaccuracy or have outlined procedures for de-
termining the extent of inaccuracy. For example,
Cronbach’s ( 1955) model of judgmental accuracy
in Category 3 measurement identified the compo-
nents of the judgment situation that affect the as-
sessment outcome. Tinsley and Weiss ( 1975) pro-
vided a differentiation between accuracy and

reliability for elementary standard system rating
assessments and an extensive review of indices that

could be used to identify accuracy and reliability
in this type of assessment. Saal et al. (1980) re-

cently reviewed conceptualizations of inaccuracy

in Category 3 and outlined some statistical pro-
cedures for identifying the sources of inaccuracy.
Wiggins 1973), in examining accuracy issues in
Category 6 measurement, identified two compo-
nents of variance in measurement. The first com-

ponent was identified with item characteristics and
referred to such characteristics as item social de-

sirability and the direction of item keying. The
second component was associated with response
style in the self-assessments and included individ-
ual tendencies such as lying or role-playing in re-
sponse to test items.

Conclusions

The major importance of the concept of a stan-
dard system lies in the fact that it can be used as
a basis for integrating different applied measure-
ment areas with each other and with general mea-
surement theory. Standard systems of measurement
are an integral part of applied measurement situ-
ations and measurement theory. A standard system
makes it possible to convert information about

magnitudes of the empirical system into the nu-
merical system. Although different standard sys-
tems have been used in different areas of psy-

chology to assess magnitudes of attributes, they
can be categorized in a systematic way.

All applied areas of psychology share a concern
with measurement issues that can be identified as

operationalized requirements for measurement.
These components of the measurement process can
be generalized as concerns related to the operating
characteristics of the standard system, type and

degree of denotability of the attribute, modes of
determining metric information, and development
of criteria and procedures for evaluating measure-
ment accuracy. The statement on the operational-
ized requirements for measurement and a review
of the different measurement mechanisms that are

used in psychology also provide a heuristic focus
for evaluation of measurement models. A complete
measurement model for a given type of standard
system would include statements regarding all as-
pects of the measurement process. These state-

ments may need to be formulated in slightly dif-
ferent form for different standard systems because
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of the inherent differences in the nature of these

standard systems.
The generic concept also serves several addi-

tional functions. The definition of measurement that
includes the concept of a standard system is more

complete when compared to existing definitions in
that an agent is specified for the conversion of
information about magnitudes into the number sys-
tem. The concept also highlights the separation of
the assessment function of the measurement mech-
anism from the conversion of that information into

numerical form, which serves to describe the mea-
surement procedure more adequately. Finally, and
perhaps most importantly, the conceptualization of
human judgment as a type of standard system of
assessment provides a measurement theory basis
for measurement situations involving such judg-
ment.
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