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Cumulative Scale

Primary Disciplinary Field(s): Psychometrics, Social Psychology, Sociology

1. Core Definition

The Cumulative Scale, most frequently recognized as the Guttman Scale or through the process

of scalogram analysis, is a specific methodology utilized primarily in psychometrics and social

research for measuring attitudes or traits. It operates under the stringent assumption of

unidimensionality, meaning it measures only a single, underlying latent variable, such as

prejudice, political conservatism, or, as noted in clinical contexts, specific emotional states.

The fundamental principle that distinguishes the Cumulative Scale from other scaling techniques,

such as the Likert or Thurstone scales, is its inherent hierarchical structure. Items within the scale

are arranged in accelerated degrees of intensity or difficulty. Consequently, an affirmative

response to an item representing a high level of intensity implies that the respondent must also

have endorsed all preceding items representing lower levels of intensity on that same dimension.

This leads to a highly predictable, cumulative response pattern.

In practice, the scale is an outlook measure comprised of many oral proclamations corresponding

to an outlook item. If a perfect scale is achieved, knowing a respondent's total score is sufficient to

predict their exact pattern of responses across all items. For example, if a scale measuring

authoritarianism has five hierarchically ordered statements, a respondent scoring three is expected

to agree with items one, two, and three, and disagree with four and five. Any deviation from this

perfect pattern is termed an error of reproducibility.

2. Etymology and Historical Development

The Cumulative Scale was initially postulated by the American experimental psychologist and

mathematician, Louis Guttman (1916-1987). Guttman developed this methodology during the

1940s while working for the Research Branch of the Information and Education Division of the

United States Army. His primary objective was to develop more precise and methodologically

sound ways of measuring troop morale and social attitudes during World War II.

Prior to Guttman's work, many scales suffered from issues related to content validity and the

unknown dimensionality of the measured construct. Guttman provided a rigorous statistical

framework for testing whether a set of items truly represented a single, continuous dimension. His

focus on creating a deterministic model where response patterns could be perfectly reconstructed

from the total score represented a significant advance in attitude measurement theory.

Although the Guttman Scale requires extremely demanding conditions to achieve a perfect fit, its
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initial publication cemented its place as a foundational technique. It provided the intellectual and

methodological precursor for later, more flexible scaling techniques, including advanced Item

Response Theory (IRT) models, which still draw heavily on the concept of item hierarchy and

unidimensionality.

3. Key Characteristics: Item Gradation and Unidimensionality

The power and the limitation of the Cumulative Scale derive from its two core characteristics: item

gradation and the requirement for strict unidimensionality.

Deterministic Relationship: The model assumes a perfect, non-probabilistic relationship between

the underlying attitude and the observed responses. A respondent either possesses enough of the

latent trait to pass a particular item or they do not.

Hierarchical Structure (Item Gradation): Items must be structured such that they reflect

accelerated degrees of positive analysis or intensity regarding the attitude being measured. This

means items are ordered from the easiest to endorse (least intense) to the hardest to endorse

(most intense). This hierarchy is crucial for the scale's cumulative nature.

Coefficient of Reproducibility (CR): The critical statistical measure used to assess the quality of

a Guttman scale. CR is calculated as one minus the ratio of errors to total responses. A highly

scalable set of items requires a CR of 0.90 or greater, meaning that 90% or more of the observed

responses must be predictable based on the total score alone. This rigorous cutoff ensures the

items indeed measure a single, cumulative dimension.

4. Applications and Examples

The Cumulative Scale has historically proven useful in fields where hierarchical progression is

naturally assumed, especially sociology and educational assessment. Its most famous historical

application is the Bogardus Social Distance Scale, which measures an individual's willingness to

participate in social contacts of varying degrees of closeness with members of diverse social

groups.

In clinical and social psychology, the cumulative scale can be used to track the intensity of

symptoms or the progression of recovery. For instance, a scale measuring the severity of a

condition might include items that escalate in intensity: an individual experiencing the most severe

symptom is expected to also exhibit all lesser symptoms. The source material references the scale

showing a "distinct deceleration in mood for all the females in the PMDD subset during their luteal

phases," suggesting its use in tracking measurable, sequential changes in affective states where

symptom presence follows a predictable intensity curve.

Furthermore, in political science, Guttman scaling has been applied to analyze voting patterns or

legislative behaviors, determining if decision-making (e.g., voting for increasingly controversial
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legislation) follows a consistent, underlying ideological dimension. Its use confirms whether a

researcher is genuinely measuring a single construct or accidentally aggregating multiple distinct

psychological factors.

5. Methodology: The Guttman Scaling Process

The creation of a valid Guttman scale is an empirical process, requiring careful item selection and

rigorous statistical verification of the hierarchical pattern. It involves several key steps that

differentiate it from simpler scaling methods.

First, a pool of potential attitude statements is generated, all theoretically related to the single

dimension of interest. These items are initially administered to a sample of respondents. The

resulting data matrix is then analyzed to determine scalability. This analysis involves arranging the

respondents and the items such that the "ideal" cumulative pattern--the scalogram--is revealed.

This arrangement visually confirms whether responses align with the hypothesis that agreement

with item 'X' necessitates agreement with all items less intense than 'X'.

The most critical stage is the calculation of the Coefficient of Reproducibility. If the CR falls

below the accepted threshold (typically 0.90), the researcher must re-evaluate the items, often

removing those that contribute disproportionately to the measurement error. This iterative process

is designed to refine the scale until only those items that genuinely fit the deterministic, hierarchical

model remain. The resulting scale is a powerful, albeit highly constrained, measure of the latent

variable.

6. Significance and Impact

Louis Guttman's work on the Cumulative Scale provided a crucial methodological contribution to

social science by formally defining and testing the concept of unidimensionality. By establishing a

quantifiable metric (the Coefficient of Reproducibility) for assessing measurement quality, Guttman

forced researchers to move beyond simple face validity and prove empirically that their scales

were measuring what they purported to measure along a single dimension.

Although the strict deterministic nature of the Guttman Scale means that perfect scales are rare in

complex psychological research, the methodology remains conceptually significant. It serves as an

ideal measurement model against which other, more probabilistic models are often compared. Its

legacy lies in defining the necessary conditions for true scale measurement and influencing the

development of modern statistical techniques designed to handle the inevitable measurement error

found in human attitudes and behaviors.
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7. Debates and Criticisms

Despite its theoretical elegance, the Cumulative Scale faces several practical and theoretical

criticisms, primarily related to the strict assumptions it imposes on human behavior.

The most significant critique is the challenge of its deterministic assumption. In reality, human

attitudes are rarely organized into perfect, error-free hierarchies. Respondents often exhibit minor

inconsistencies or errors--known as "non-scalable" responses--that violate the cumulative pattern.

These errors necessitate the removal of items or respondents, potentially sacrificing valuable data

or forcing the researcher to simplify a complex concept to fit the model.

Furthermore, many psychological and social constructs are inherently multi-dimensional,

meaning they cannot be reduced to a single, simple hierarchy. Attempting to force such concepts

into a Guttman scale often results in a poor Coefficient of Reproducibility. Modern psychometric

models, particularly those based on Item Response Theory (IRT), offer a more realistic,

probabilistic approach that accounts for measurement error and allows for greater flexibility in item

characteristics without demanding perfect scalability.

Further Reading

Guttman Scale (Wikipedia)

Louis Guttman (Wikipedia)

Bogardus Social Distance Scale (Wikipedia)
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