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In the vast landscape of statistics, a core objective is the precise measurement of the relationship--

or correlation--that exists between two variables. This measurement is not merely academic; it

provides fundamental insights into how different phenomena interact, change, and predict one

another. A robust understanding of correlation is essential for researchers aiming to answer two

critical questions about any paired dataset:

The direction of the association: Does an increase in one variable predictably correspond to an

increase (a positive correlation) or a decrease (a negative correlation) in the second variable?

The strength of the association: How closely aligned are the values of the variables? A stronger

correlation suggests a highly predictable and reliable relationship.

However, the path to accurate statistical analysis is often complicated by methodological

challenges that can dramatically skew results. One of the most significant and frequently

encountered methodological problems, particularly when calculating correlation coefficients, is

known as the Restriction of Range (RoR). This powerful biasing effect occurs when the observed

range of values for one or both variables under study is artificially constrained, truncated, or

limited. When this happens, the resulting correlation coefficient fails to accurately represent the

true relationship that exists within the broader population.

Understanding Restriction of Range (RoR)

Restriction of Range is fundamentally a specific type of sampling bias that directly and negatively

impacts the calculation of the correlation coefficient. When researchers limit data collection to only

a subset of the potential values a variable can assume, the observed variability within that sample

is inherently reduced. This reduced variability, or restricted range, almost invariably results in an

attenuation--a statistical lowering--of the measured correlation when compared to the actual

correlation present across the full, unrestricted population.

The underlying statistical mechanism driving this bias is linked to the mathematical definition of

correlation, which relies heavily on the concepts of variance and covariance. If the variance of a

key variable is constrained--meaning the data points are clustered closely together rather than

spread widely--the calculated covariance between the two variables will also be artificially lowered.

This reduction in covariance translates immediately into a weaker calculated correlation, making

the relationship appear less strong or less predictive than it truly is. This phenomenon is critical in

applied research fields such as industrial psychology, educational measurement, and human

resources, where researchers routinely work with samples that are not randomly selected.

It is important to differentiate between the ways restriction can manifest. Sometimes, the restriction

is explicit and intentional, such as using a rigorous screening process where only applicants

scoring above a certain percentile are admitted into a program. In other cases, the restriction is

incidental, often stemming from self-selection bias, where participants choose to engage in a study

https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Correlation_and_dependence
https://en.wikipedia.org/wiki/Range_(statistics)
https://en.wikipedia.org/wiki/Sampling_bias
https://en.wikipedia.org/wiki/Self-selection_bias
https://statistics.arabpsychology.com/?p=11594
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com


Understanding Restriction of Range: A Guide to Correlation Analysis in Statistics 3

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com

based on characteristics that inherently limit the range of scores (e.g., only highly motivated

individuals volunteer). Regardless of whether the restriction is direct selection or indirect self-

selection bias, the statistical outcome remains the same: a biased and attenuated estimate of the

true population correlation.

The Attenuation Effect on Correlation Coefficients

When the data range is restricted, the visual representation on a scatterplot demonstrates this bias

clearly: the data points become clustered tightly within a smaller portion of the plot, effectively

obscuring the clear linear trend that would be visible across the full spectrum of data. This visual

compression directly translates to a mathematical reduction in the correlation coefficient (r). The

primary danger associated with RoR is that it leads researchers to commit a Type II error--

incorrectly concluding that a strong, important relationship between two variables is actually weak

or non-existent.

To illustrate the severity of this issue, consider a theoretical scenario where a predictor variable (X)

and an outcome variable (Y) possess a genuine population correlation of r = 0.80. If a researcher

limits the sample to include only observations where X exceeds a specified threshold, the

calculated correlation within this restricted sample could plummet dramatically, perhaps falling to

0.40 or even lower. This misleading result can fundamentally alter the interpretation of research

findings, potentially causing organizations or institutions to make incorrect strategic decisions

based on an erroneous assumption of poor predictive validity.

Understanding this attenuation is vital for assessing validity, especially in high-stakes environments

like employment testing. Suppose a psychological assessment is highly predictive of future job

performance across the entire pool of applicants. However, if the hiring company only selects

individuals who score in the top 10% on that test (thereby severely restricting the range of predictor

scores), the subsequent internal company data measuring performance against the original test

score will inevitably show a significantly weaker correlation. This reduced correlation occurs not

because the test is invalid, but because the statistical analysis failed to account for the intentional

restriction of variability imposed during the selection process.

Detailed Illustration: Study Hours and Exam Scores

To grasp the concept of Restriction of Range concretely, let us analyze the relationship between

student effort and academic success. Our goal is to measure the true correlation between hours

studied per week and final exam score for all students enrolled at a large educational institution.

If we collect data from the entire population--say, 1,000 students--encompassing the full spectrum

from those who study negligibly to those who dedicate extensive time, we might observe a robust

population correlation of 0.73. This high figure accurately reflects the strong positive relationship:
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generally, students who invest more hours achieve significantly higher scores across the entire

student body.

This initial scatterplot, utilizing the full population data, clearly demonstrates the strong predictive

power of study time. However, the integrity of this correlation is immediately compromised if the

sampling methodology introduces a restriction.

Now, imagine researchers decide to only gather data from students enrolled in an advanced, highly

selective Honors curriculum. By their nature, these students are highly motivated and dedicated. It

is highly probable that every student in this cohort studied for at least 6 hours per week.

Consequently, when the correlation is calculated for this specific subset, the researchers are

forced to utilize a severely restricted range for the predictor variable, hours studied.

By artificially truncating the variance available for the predictor variable, the calculated correlation

between hours studied and exam score for these selective students will be statistically misleading.
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If we focus solely on the scatterplot area where Hours is greater than 6, the clustering effect

becomes visually apparent:
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The correlation calculated from this restricted plot drops drastically to only 0.37, a figure

significantly lower than the true population correlation of 0.73. Reliance on this restricted data

would falsely suggest that study habits have only a weak influence on test scores, thereby

misleading researchers who failed to sample across the full spectrum of the independent variable's

potential values.

Common Real-World Scenarios of RoR

The challenge posed by a restricted range is a practical issue that frequently arises in various

research domains due to necessary selection procedures, voluntary participation patterns, or

inherent limitations imposed by the specific sample pool under investigation.

1. Research on Elite Performers: Consider an investigation into the predictive link between a

specific, high-intensity workout regimen and gains in muscle mass. If researchers restrict their data

collection only to high-performance athletes, these individuals likely already possess a high

baseline level of muscle mass. Since they are operating near their physiological limits, there will be

a very narrow, restricted range of values available to calculate the correlation between the workout

regimen and the incremental muscle mass produced. In this instance, the true efficacy of the

regimen for the general population would be severely and falsely understated by the low
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correlation observed in the restricted sample.

2. Selection Bias in Employment and Education: A common scenario involves assessing the

predictive validity of a cognitive ability test for success in a rigorous academic program or a highly

competitive job role. By definition, the individuals accepted into these programs or positions are

those who achieved the highest scores on the initial screening test. Consequently, when the

correlation is calculated solely among the accepted subgroup, the range of test scores (the

predictor variable) is truncated. The resulting correlation between these high test scores and

subsequent performance will appear lower than the actual predictive validity of the test across the

entire pool of candidates. This is a classic example where RoR obscures the true utility of the

screening tool.

3. Evaluating Interventions and Ceiling Effects: If a targeted tutoring program is evaluated, and

the only participants are students who are already proactive and performing well (i.e., they are

eager to improve their grades), these students may already be scoring highly. Thus, there may not

be significant room for improvement in their grades, leading to a ceiling effect on the outcome

variable. When researchers calculate the correlation between hours spent in the tutoring program

and the resulting grade increase, the true relationship may be understated because the range for

positive change in grades has been restricted by the high baseline performance of the selected

group.

Statistical Methods for Correcting RoR Bias

To achieve a more accurate estimate of the population correlation, statistics offers several range

correction formulas. These methods are designed to mathematically estimate and restore the

variance that was lost due to the restricted sampling procedure.

One of the most widely used and respected methods for accounting for restricted ranges,

particularly when the restriction applies to the predictor variable (X) but the population variance of

the outcome variable (Y) is known, is known as Thorndike's Case 2. This essential formula was

developed by the pioneering psychometrician Robert L. Thorndike.

This correction formula provides an estimated true correlation ($r_{unrestricted}$) between the two

variables using the known population variance of the outcome variable:

True correlation = √(1 - ((SD²y restricted / SD²y unrestricted) * (1 - r²restricted)))

The terms within the formula are specifically defined as follows:

SD²y restricted: Represents the squared standard deviation (the variance) of the outcome variable

(Y) as calculated from the limited, restricted data set available to the researcher.
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SD²y unrestricted: Represents the known squared standard deviation (the variance) of the

response variable (Y) for the entire, unrestricted population of interest.

r²restricted: Represents the squared correlation coefficient derived from the available restricted

data.

When properly applied, this formula has proven effective at producing unbiased estimates of the

true population correlation, provided the necessary population variance information is accurately

obtained and available.

Limitations of Correction and Best Practices in Research

While range correction formulas like Thorndike's Case 2 are indispensable tools for mitigating bias,

they are not a perfect remedy for flawed sampling. The most critical limitation of these methods lies

in their requirement for an accurate estimate of the true population standard deviation (SD) for the

outcome variable (Y). If this population variance is merely guessed, estimated inaccurately, or

derived from an unreliable source, the resulting corrected correlation will inevitably be flawed and

still represent a biased estimate.

Furthermore, these sophisticated correction methods operate under several fundamental

assumptions: they assume that the relationship between the two variables is perfectly linear, and

they assume that the mechanism causing the restriction is clearly known and applied directly to

one of the variables. In scenarios involving more complex or unknown forms of restriction, or when

the underlying relationship between X and Y is curvilinear rather than linear, the application of

standard correction formulas may be insufficient or wholly inappropriate, leading to a failure of the

attenuation adjustment.

Therefore, the definitive best practice remains prevention: researchers must prioritize collecting

data from a sample that genuinely represents the full variability of the population of interest. When

restriction is an unavoidable reality--such as in studies involving highly selective processes--

meticulous documentation of the exact selection criteria and the careful, informed application of

appropriate correction formulas are absolutely essential steps for drawing valid and trustworthy

statistical inferences.
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