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PLANNED COMPARISON

Planned Comparison

Primary Disciplinary Field(s): Statistics, Experimental Design, Quantitative Psychology.

1. Core Definition

A planned comparison, frequently termed a planned contrast, is a statistical procedure utilized
primarily within the framework of the Analysis of Variance (ANOVA) or regression analysis. It

involves comparing specific, pre-determined combinations of population means based on
theoretically derived hypotheses formulated prior to the collection or inspection of the research
data. This method is crucial in confirmatory research because it allows the researcher to test highly
focused predictions that move beyond the general null hypothesis tested by the overall ANOVA F-
statistic. The defining characteristic of a planned comparison is its a priori nature: the specific
group means to be compared and the exact weighting coefficients must be established based on
theory or logical deduction before any analysis of the raw results commences.

The formal mathematical structure of a planned contrast requires assigning specific numerical
weights, or coefficients ($c_i$), to the group means ($mu_i$) such that the sum of these
coefficients equals zero ($sum c_i = 0$). This zero-sum constraint ensures that the contrast
represents a true comparison of differences rather than a measurement of absolute magnitude. For
example, if a researcher has three experimental groups (A, B, C) and hypothesizes that the mean
of Group A should be significantly lower than the average of Groups B and C, the appropriate
contrast coefficients might be +2, -1, and -1, respectively. If the calculated contrast value (L) yields
a statistically significant result, it provides direct, high-powered evidence supporting this specific,
focused research hypothesis, often yielding more interpretable conclusions than a general test of
means.

Because planned comparisons focus the statistical test on a specific portion of the variance--the
variance relevant to the theoretically predicted difference--they possess substantially greater
statistical power than omnibus tests or subsequent exploratory (post hoc) procedures.
Researchers prioritize planned comparisons whenever their theoretical model provides clear
guidance on which specific experimental conditions should differ. This methodological choice
maximizes the efficiency of the statistical inference by isolating the variance related to the primary
scientific question from the overall error variance, thus providing the most rigorous and
theoretically defensible method for testing focused predictions in complex experimental designs.

2. Theoretical Context and Necessity

The necessity for adopting planned comparisons stems directly from the challenges associated
with multiple comparisons and the control of the family-wise Type | error rate. A significant F-test
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in ANOVA merely indicates that not all population means are equal, failing to specify the location or
structure of those differences. If a researcher were to follow a significant omnibus F-test with
numerous unplanned pairwise comparisons, the probability of incorrectly rejecting a true null
hypothesis (a Type | error) would compound across tests. For instance, if 10 separate comparisons
are conducted at an alpha level of 0.05, the family-wise error rate could easily exceed 0.40,
rendering the observed significance highly suspect.

Planned comparisons circumvent this inflation risk because they are derived from the theoretical
structure of the experimental design, thereby limiting the total number of tests performed.
According to statistical principles, in an experiment with $k$ groups, a maximum of $k-1$
orthogonal contrasts (statistically independent comparisons) can be conducted while maintaining
the overall Type | error rate at the desired alpha level (e.g., $alpha = 0.053%). By limiting testing to
these independent, theoretically motivated questions, the researcher maintains strict control over
the error probability, allowing for a precise and conservative test of the specific predictions.

Furthermore, planned comparisons are essential when the research design involves nuanced or
structural hypotheses. For example, in studies involving graded levels of treatment (dose-response
studies) or comparisons between various experimental conditions and a single control group, the
overarching null hypothesis tested by the ANOVA (all groups are the same) is often too broad to be
scientifically meaningful. Planned comparisons allow the researcher to address hypotheses such
as "Is the average effect of all three treatments different from the control condition?" or "Does the
effect show a linear increase as the dosage rises?" These targeted inquiries provide the necessary
depth to interpret complex experimental outcomes and confirm specific theoretical models, which
the general ANOVA test cannot accomplish.

3. Key Concepts and Mathematical Structure

Coefficients and Weights: The algebraic representation of a contrast, $L$, is defined by the
linear combination of population means weighted by the coefficients: $L =c_1mu_1 +c _2mu_2 +
dots + c_kmu_k$. The mandatory constraint is that the sum of these coefficients must be zero
($sum c_i = 0%). For example, comparing Group 1 ($mu_1$) and the average of Group 2 ($mu_23)
and Group 3 ($mu_3$) requires the coefficients +2, -1, -1, ensuring the comparison is balanced
and assesses the deviation from equality.

Orthogonality: Two contrasts, $L_a$ and $L_b$, are considered orthogonal if the sum of the
products of their corresponding coefficients is zero, provided the sample sizes are equal across
groups ($sum c_{ai}c_{bi} = 0$). Orthogonal contrasts are statistically independent; they test
distinct, non-overlapping theoretical questions. In an ANOVA with $k$ groups, $k-1$ mutually
orthogonal contrasts can be constructed, which collectively account for all the variation among the
group means, perfectly partitioning the sum of squares for the treatment effect.
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Partitioning of Variance: A central advantage of planned orthogonal comparisons is the ability to
decompose the overall variance explained by the independent variable ($SS_{Between}$) into
$k-1% independent components, each with one degree of freedom. Each component corresponds
exactly to the variance attributed to a specific theoretical comparison. This partitioning allows the
researcher to understand precisely which aspect of the experimental manipulation is responsible
for the overall effect, maximizing explanatory power and theoretical precision.

Test Statistic: The significance of a contrast is typically tested using a dedicated t-statistic or an F-
statistic with 1 degree of freedom in the numerator. The test statistic evaluates the null hypothesis
that the population contrast value ($L$) is zero. Since the test focuses only on the specific means
involved and pools the variance using the Mean Square Error ($SMS_{Error}$ from the overall
ANOVA), it provides a highly focused and powerful assessment of the theoretical prediction.

4. Procedures and Common Applications

The rigorous implementation of planned comparisons demands a structured methodological
approach. Initially, the researcher must articulate the specific theoretical model that predicts the
differences between means. This theoretical structure is then translated into precise numerical
coefficients. For instance, if an experiment involves a drug administered at three levels (Placebo,
Low Dose, High Dose), the researcher might plan two orthogonal contrasts: first, a comparison of
the Placebo group against the average of the two Dose groups (testing overall drug efficacy); and
second, a comparison between the Low Dose and High Dose groups (testing the dose-response
relationship).

One of the most common applications is the use of complex contrasts to compare a set of
treatment conditions against a control condition. If a study compares four novel teaching methods
(T1, T2, T3, T4) against a Standard Curriculum (S), a researcher might plan a single contrast to
test if the pooled average of the four novel methods is significantly better than the Standard
Curriculum. Such a complex contrast provides a single, powerful test of the primary research
objective without performing four separate, error-inflating pairwise comparisons against the control

group.

Another powerful utility lies in trend analysis, particularly when the independent variable is
guantitative or ordinal (e.g., time, dosage, age). Planned comparisons can utilize specific
polynomial coefficients (linear, quadratic, cubic) to test for the mathematical form of the relationship
between the independent and dependent variables. Testing for a linear trend, for instance,
determines if the response variable changes proportionally to the increase in the level of the
independent variable, offering a much richer description of the effect than a simple statement that
the means differ. When such trends are hypothesized a priori, planned comparisons provide the
most appropriate and powerful statistical tool for confirmation.
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5. Comparison with Post Hoc Tests

The distinction between planned and post hoc tests (e.g., Tukey's HSD, Scheffé's method) is
fundamentally one of purpose and timing. Planned comparisons are theory-driven, confirmatory
tests defined strictly before data examination. They are high-powered because the test statistic's
critical value does not need severe adjustment, provided the number of tests remains limited and
adheres to the principles of orthogonality where possible. They are best suited for situations where
the researcher has strong theoretical reasons for specific predictions.

In contrast, post hoc tests are data-driven, exploratory methods conducted after an omnibus F-test
has established overall significance. Their purpose is to search for any mean differences that may
exist across all possible pairs or complex combinations. Because post hoc procedures cast a wide
net, they must employ very conservative corrections to strictly control the family-wise error rate
across the entire set of potential comparisons. This necessary control results in significantly
reduced statistical power; therefore, differences that might be significant under a planned
comparison often fail to reach significance under a conservative post hoc procedure.

Methodological experts universally advocate for the utilization of planned comparisons whenever a
specific hypothesis can be formulated, as this represents the most efficient and robust form of
statistical inference in experimental research. Post hoc methods are appropriately reserved only for
truly exploratory studies or when the observed data pattern was entirely unanticipated by the
existing theoretical model, necessitating a cautious, error-controlled search for potential effects.

6. Criticisms and Methodological Limitations

A significant criticism leveled against the use of planned comparisons involves the risk of p-
hacking or researcher degrees of freedom. The statistical power advantage inherent in planned
contrasts is only valid if the coefficients and comparisons were genuinely chosen a priori. If a
researcher inspects the data, notices that Group A and Group C have the largest difference, and
then falsely claims that a comparison between A and C was planned, the statistical test is rendered
invalid, and the Type | error rate is inflated. This methodological deceit undermines the integrity of
the procedure, emphasizing that the strength of planned comparison lies in its commitment to pre-
registration of hypotheses.

Furthermore, while orthogonality is statistically ideal because it ensures independence and
maximizes power for a set of $k-1$ tests, theoretically meaningful questions often require non-
orthogonal contrasts. For example, comparing Group 1 vs. Group 2, and then comparing Group
1 vs. Group 3, creates two dependent (non-orthogonal) tests because Group 1 is involved in both.
Testing non-orthogonal contrasts violates the strict assumption of independence and necessitates
the use of more conservative correction procedures, such as the Bonferroni adjustment or the use
of Dunn-Sidak tests, which consequently reduce the power advantage typically associated with
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planned comparisons.

Statisticians also debate the appropriate critical value when multiple contrasts are planned. While it
is acceptable to test $k-1$ orthogonal contrasts without adjusting the alpha level for each individual
test, if a researcher plans to test more than $k-1$ comparisons--even if they are all theoretically
justified--the risk of capitalizing on chance increases. In such scenarios, the Scheffé method,
though highly conservative, is sometimes recommended as a blanket protection against family-
wise error inflation, or the sequential Bonferroni procedure may be applied to the entire set of
planned tests to balance power and error control.

Further Reading

Contrast (statistics) - Wikipedia

Analysis of variance (ANOVA) - Wikipedia

Planned Comparison (Contrast) - Statistics How To
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