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This foundational assumption in classical test theory (CTT) significantly influences how assessments are
designed, interpreted, and used in various fields such as education, psychology, and organizational testing.
Understanding the implications of this assumption is essential for test developers, practitioners, and
researchers alike. In this article, we explore the core principles of classical test theory related to true scores,
examine why the assumption that a person's true score remains constant over time matters, and discuss the

limitations and alternatives to this approach.

Understanding Classical Test Theory (CTT)

What Is Classical Test Theory?

Classical Test Theory is one of the earliest and most widely used frameworks for understanding and
measuring psychological traits, abilities, and knowledge. Developed in the early 20th century, CTT

provides a mathematical model that relates observed test scores to two main components:

- True Score (T): The hypothetical real level of ability or trait that a person possesses.

- Error (E): Random measurement error that causes the observed score to fluctuate around the true score.
Mathematically, this relationship is expressed as:

Observed Score (X) = True Score (T) + Error (E)

The core idea is that while the true score reflects the individual's actual ability, the observed score is

influenced by various sources of error, such as test anxiety, environmental factors, or scoring

inconsistencies.



Key Assumptions of CTT

Classical Test Theory is built upon several assumptions, notably:

- The true score is constant for the individual across repeated testing, assuming no change in ability.
- Errors are random and uncorrelated with true scores.

- The measurement error has a mean of zero, meaning errors cancel out over many measurements.

While these assumptions simplify the analysis and interpretation of test scores, they also introduce

limitations, especially when the assumption of a stable true score is violated.

The Significance of the Assumption: True Score Is Constant Over

Time

Why Does CTT Assume a Stable True Score?

The assumption that a person's true score remains unchanged over time simplifies the modeling process. It
allows test developers and researchers to interpret scores across different testing occasions as reflective of

the same underlying trait or ability. This assumption is crucial for:

- Test-Retest Reliability: Estimating the stability of scores over time.

- Longitudinal Studies: Tracking development or change in abilities.

- Score Comparisons: Comparing scores from different testing sessions assuming the true underlying trait is
stable.

In essence, assuming a constant true score means that any variation in observed scores across tests is

attributed solely to measurement error, not actual changes in the underlying trait.

Implications for Test Design and Interpretation

This assumption influences several aspects of assessment:

- Test-Retest Reliability Estimates: If the true score is stable, the correlation between scores at different
times indicates the test's reliability.

- Score Equivalence: Repeated administrations should produce similar observed scores if the true score



remains unchanged.

- Score Interpretation: Variations are treated as measurement error rather than real change.

For example, in a standardized intelligence test, the assumption implies that an individual's intelligence

quotient (IQ) remains consistent over short periods, making repeated testing meaningful and comparable.

Limitations of the Assumption in Practice

Why Might True Scores Change Over Time?

Despite the simplifying assumption, real-world data often show that true scores can and do change over

time. Factors influencing this include:

- Learning and Development: Skills, knowledge, and abilities develop or decline.
- Environmental Influences: Changes in environment, motivation, or health status.
- Interventions and Training: Educational programs or therapy sessions can alter true scores.

- Measurement Contexts: Different testing conditions can impact the true score indirectly.

For instance, a student preparing for an exam may improve their knowledge, thus increasing their true

score, which the assumption of constancy fails to account for.

Consequences of Assuming a Constant True Score

Relying on the assumption that true scores are static can lead to:

- Misinterpretation of Score Changes: Changes in observed scores may be incorrectly attributed solely to
measurement error.

- Inaccurate Reliability Estimates: Overestimating reliability if true scores are changing.

- Inappropriate Use of Test Results: Using test scores for decisions over time without considering potential

genuine changes.

This underscores the importance of understanding the context and limitations of classical test theory,

especially in longitudinal assessments.



Alternatives and Extensions to Classical Test Theory

Item Response Theory (IRT)

Item Response Theory provides a modern alternative that models the probability of a correct response
based on the individual's ability and item characteristics. IRT can accommodate changing abilities over time

by modeling ability as a latent trait that can vary, offering more flexibility than CTT.

Generalizability Theory (G-Theory)

G-Theory extends classical test theory by analyzing multiple sources of error and variability, allowing for
more nuanced reliability estimates that consider potential changes in true scores across different contexts

and time points.

Latent Growth Modeling

This statistical approach explicitly models change over time, estimating individual trajectories rather than
assuming static true scores. It is particularly useful in longitudinal studies where true scores are expected to

evolve.

Practical Implications for Test Users

Designing Reliable Assessments

‘When designing assessments, consider:

- The purpose of measurement: Is it to capture a stable trait or a transient state?
- The testing interval: Longer intervals may increase the likelihood of genuine change.

- The test's sensitivity: Can the test detect real changes versus measurement error?



Interpreting Repeated Test Results

Practitioners should:

- Be cautious in attributing score changes solely to measurement error.
- Incorporate knowledge of possible actual changes in ability.

- Use multiple assessment methods or models that account for change over time.

Monitoring Development and Change

In contexts where true scores are expected to change (e.g., educational growth, therapy outcomes), models

that do not assume constancy provide more accurate and meaningful insights.

Conclusion

The assumption that a person's true score remains the same over time when repeating the same test is a
cornerstone of classical test theory. This simplification facilitates the analysis of reliability and score
interpretation but also introduces limitations, especially in dynamic contexts where abilities evolve.
Recognizing these limitations highlights the importance of choosing appropriate measurement models and
methods that consider the possibility of true score variation. Whether through advanced models like IRT,
G-Theory, or latent growth modeling, contemporary assessment practices increasingly acknowledge that
true scores are not always static, leading to more accurate and meaningful measurement of human abilities

and traits.

Key Takeaways:

- Classical Test Theory assumes a stable true score for individuals across repeated testing.

- This assumption simplifies reliability estimation but may not reflect real-world changes.

- Recognizing the potential for true score variability is critical for accurate assessment.

- Alternative models provide tools to account for dynamic changes in abilities over time.

- Practitioners should choose assessment strategies aligned with the nature of the trait being measured and

the context of testing.

By understanding the foundational assumptions of CTT and their limitations, professionals can improve the

accuracy, fairness, and usefulness of assessments across diverse applications.



Frequently Asked Questions

Why does Classic Test Theory assume a person's true score remains

constant over time?

Because it conceptualizes a person's true ability as an unchanging trait, with observed scores varying solely

due to measurement error, thus assuming stability across repeated testing.

What are the limitations of assuming a stable true score in repeated

testing scenarios?

This assumption ignores possible genuine changes in ability over time, practice effects, or learning, which

can lead to inaccurate interpretations of test score changes.

How does the assumption of a stable true score affect test-retest reliability

estimates?

It simplifies the calculation by attributing score differences solely to measurement error, potentially

overestimating reliability if true scores naturally fluctuate.

In what situations might the assumption of an unchanging true score be
invalid?
‘When assessing skills or knowledge that can develop or decline over time, such as learning new concepts,

aging, or health-related changes, the true score is unlikely to remain constant.

How do modern theories like Item Response Theory (IRT) address the

assumption of a fixed true score?

IRT models consider that a person's ability can vary and incorporate item characteristics, allowing for more

dynamic and realistic representations of true ability over time.

What implications does the assumption of a constant true score have for

longitudinal studies?

It may lead to misinterpretation of score changes as measurement error rather than genuine change in

ability, affecting the validity of longitudinal assessments.



Can repeated testing under Classic Test Theory provide accurate insights

into a person's abilities over time?

Only if the person's true ability remains stable; otherwise, observed changes might reflect true

development or decline rather than measurement error, which the theory does not account for.

Additional Resources

Because Classic Test Theory Assumes A Person's True Score Is The Same Over Time, Repeating The Same
Test—this foundational premise influences how assessments are developed, administered, and interpreted
across numerous fields, from psychology and education to certification and research. Understanding this
assumption is crucial for anyone involved in test design, evaluation, or the interpretation of test results. It
shapes the expectations about the stability of scores, the validity of repeated testing, and the methods used to
improve measurement accuracy. In this article, we will delve into the core principles of Classic Test
Theory (CTT), explore why the assumption that a person's true score remains constant over time is central,

and examine the implications, limitations, and alternatives associated with this perspective.

Understanding Classic Test Theory (CTT): The Foundations
‘What Is Classic Test Theory?

Classic Test Theory is one of the earliest and most influential models in psychometric assessment. It
provides a framework for understanding the relationship between a person's observed test score, their true

ability or trait level, and measurement error. The fundamental equation of CTT is:
Observed Score (X) = True Score (T) + Error (E)

In this context:

- Observed Score (X): The actual score obtained on a test or assessment.

- True Score (T): The hypothetical, error-free score reflecting the individual's underlying trait.

- Error (E): Random fluctuations or inaccuracies that cause the observed score to deviate from the true

score.

This model assumes that, over repeated administrations, the true score remains constant, and variations in

observed scores are primarily due to measurement error.
The Assumption That True Scores Are Stable

A core assumption in CTT is that a person's true score is stable over time, especially when measuring a trait

or ability that is not expected to change rapidly. This assumption simplifies the analysis and interpretation



of test scores because it suggests that:
- Any fluctuation in observed scores across repeated tests is attributable solely to measurement error.

- The true score is an invariant property of the individual during the testing period.

This stability allows practitioners to treat test scores as reliable indicators of underlying traits, provided that

measurement error is minimized.

Why Does CTT Assume A Person's True Score Is The Same Over Time?

The Rationale Behind the Assumption

The assumption that a person's true score remains unchanged over time stems from several considerations:

1. Simplification of Measurement:
By assuming stability, CTT facilitates the calculation of reliability coefficients, such as test-retest reliability,

which estimate the consistency of scores over time.

2. Theoretical Clarity:
It provides a clear conceptual model where observed score fluctuations are due exclusively to error,

enabling easier analysis and interpretation.

3. Practical Application:
Many assessments—such as intelligence tests, personality inventories, or certification exams—aim to

measure traits or abilities thought to be relatively stable in the short term.

4. Statistical Modeling:

Assuming a fixed true score simplifies the statistical modeling process, making it easier to develop and
validate tests.

Practical Implications of the Assumption

The assumption influences:

- Test-Retest Reliability:

The expectation that scores should be similar across administrations if the trait is stable.

- Score Interpretation:

Changes in scores over time are viewed as measurement error rather than true change.

- Test Development:

Encourages designing assessments that minimize measurement error to accurately reflect the true score.



Limitations and Challenges of Assuming A Constant True Score

Despite its usefulness, the assumption that a person's true score is the same over time does not always hold

in practice. Recognizing these limitations is essential for accurate assessment and interpretation.

Situations Where True Scores Change

1. Learning and Development:
For skills, knowledge, or abilities that can improve with training, education, or experience, the true score

may increase over time.

2. Health and Psychological States:

Traits like mood, stress levels, or health status can fluctuate, affecting true scores.

3. Environmental and Contextual Factors:

Changes in environment, motivation, or test familiarity can influence true scores.

4. Measurement of Dynamic Processes:

Assessments of attitudes, opinions, or behaviors often inherently involve change over time.

Impacts on Reliability and Validity

- Misinterpretation of Score Changes:
When true scores are not stable, observed differences may reflect genuine change rather than

measurement error, leading to incorrect conclusions.

- Limitations in Longitudinal Assessments:
CTT-based models may underestimate or overestimate the stability of traits over time, impacting

longitudinal research.
- Potential for Overconfidence in Scores:

Assuming true score stability can lead to overconfidence in the precision of repeated measures where the

trait is inherently variable.

Addressing the Assumption: Alternatives and Extensions

Recognizing the limitations of the assumption that true scores are static over time has led to the

development of alternative models and approaches.



Item Response Theory (IRT)

- Dynamic Modeling:
IRT models the probability of a specific response as a function of person ability and item characteristics,

allowing for more nuanced understanding of change over time.

- Trait Change Measurement:
IRT-based models can explicitly account for changes in the underlying trait, making them suitable for

tracking development or intervention effects.

Latent Growth Modeling

- Longitudinal Analysis:

Latent growth models analyze how traits evolve over multiple time points, explicitly modeling true score

change.

- Application:

Widely used in developmental psychology, education, and health research to measure progress or decline.

Test-Retest Reliability with Short Intervals

- Minimizing True Change:

Short testing intervals reduce the likelihood of true score change, making CTT assumptions more valid.

- Limitations:

Not always feasible or appropriate, especially when measuring traits that can change rapidly.

Practical Recommendations for Test Practitioners

Given the assumption's limitations, practitioners should consider the following when designing,

administering, and interpreting assessments:

1. Choose Appropriate Timeframes:
- For traits expected to be stable, longer intervals can be used to evaluate reliability.

- For dynamic traits, shorter intervals or alternative models are needed.

2. Use Multiple Measures:

- Combining different assessments can provide a more comprehensive picture.

3. Acknowledge the Possibility of Change:

- Be cautious when interpreting score differences over time, especially for constructs prone to change.



4. Employ Complementary Statistical Models:

- Use IRT or growth modeling when appropriate to capture true score variability.

5. Report Reliability and Validity Transparently:

- Clearly state the assumptions underlying the assessment and their applicability to the context.

Conclusion: Navigating the Assumption in Practice

Because Classic Test Theory assumes A Person's True Score Is The Same Over Time, Repeating The Same
Test provides a simplified yet powerful framework for understanding test scores. It underpins many
reliability estimates and informs test development and interpretation. However, practitioners must
recognize that this assumption is not universally valid—particularly for traits, skills, or states that are
inherently variable. By understanding the theoretical basis, limitations, and alternatives, professionals can
make more informed decisions, select appropriate assessment models, and interpret test results with greater
nuance and accuracy. Ultimately, acknowledging the assumption's role and boundaries enables more robust,

meaningful measurement in the diverse contexts of human assessment.
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