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SEQUENCE EFFECT

Definition and Context

The Sequence Effect represents a critical methodological consideration within experimental
research, particularly those employing repeated measures designs. Fundamentally, it describes
the phenomenon where the specific impact of a given experimental condition or treatment (B) is
systematically altered by the administration of the preceding condition or treatment (A). Unlike
simple order effects, which relate to general fatigue or practice irrespective of the treatment
content, the Sequence Effect hinges upon the unique interaction or carryover that occurs when
treatments are presented in one fixed or variable sequence versus another. This effect introduces
a substantial threat to internal validity because it confounds the true effect of the treatment itself
with the residual influence of the previously experienced treatment.

Understanding this effect requires acknowledging that human participants, whether in
psychological or medical studies, do not return to a pristine, baseline state immediately after
exposure to a strong stimulus or intervention. Instead, the physiological, cognitive, or emotional
residue of the first condition remains, subtly or overtly influencing the participant's response profile
during the second condition. If Treatment A leads to heightened alertness, for instance, and
Treatment B is designed to measure reaction time, the heightened alertness carried over from A
will artificially inflate the performance observed during B, regardless of B's inherent properties.
Consequently, the observed score for Treatment B is a composite: the true effect of B plus the
residual contamination from A, making the interpretation of independent treatment efficacy
profoundly complex.

The Sequence Effect mandates that researchers move beyond simply noting the presence of an
effect and instead analyze the conditional nature of the findings. The observed outcome is not
merely a function of the treatment itself, but a function of the treatment in sequence. This
awareness is particularly pertinent in crossover trials where subjects cycle through multiple
interventions, making the proper management of residual effects the primary determinant of the
study's scientific rigor and the validity of its conclusions.

The Sequence Effect in Repeated Measures Designs

Repeated measures designs, also known as within-subjects designs, are highly valued in research
for their efficiency and their powerful ability to control for inter-individual variability, as each
participant serves as their own control. However, this structure inherently exposes the design to
both order effects and the more insidious Sequence Effect. In these designs, participants are
intentionally exposed to multiple levels of the independent variable, requiring the researcher to
determine a specific path or sequence for this exposure. When the sequence is not properly
managed or randomized, the Sequence Effect can completely undermine the statistical
conclusions drawn from the data, leading to erroneous claims regarding the differential
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effectiveness of the treatments.

The inherent assumption in analyzing repeated measures data is that the effect of Treatment 1 is
independent of the effect of Treatment 2, 3, and so forth. The Sequence Effect directly violates this
assumption of independence. For example, in a study testing two types of cognitive therapy (T1
and T2), if T1 involves highly distressing emotional recall and T2 involves relaxation techniques,
the intense emotional state induced by T1 might drastically reduce the efficacy of T2 compared to
a scenario where T2 was administered first. This interaction suggests that the measured outcome
is not merely the effect of T2, but the effect of T2 conditioned upon prior exposure to T1.
Researchers must meticulously account for this potential interaction, recognizing that the order of
administration is not a benign logistical detail but a substantive variable that impacts the measured
outcome.

The strength of the Sequence Effect is often proportional to the intensity or permanence of the
intervention. Treatments that induce long-lasting physiological changes, require substantial
cognitive reorganization, or create intense emotional states are more likely to generate powerful
carryover that persists into subsequent conditions. Therefore, the design choice for repeated
measures must be highly sensitive to the nature of the independent variable, specifically gauging
the expected rate of decay or "washout" before the next condition can be reliably presented.

Differentiating Sequence and Order Effects

While often conflated in introductory texts, the distinction between Order Effects and Sequence
Effects is crucial for rigorous experimental design. Order effects refer to generalized changes in
performance that occur simply due to the position of a condition in the sequence, regardless of
which specific treatment is involved. The two primary types of order effects are practice effects,
where performance improves due to familiarity with the task or environment, and fatigue effects,
where performance declines due to boredom, exhaustion, or loss of motivation over time. These
effects are systematic across all participants exposed to the same structure and are typically linear
or monotonically related to the progression of trials.

In sharp contrast, the Sequence Effect (often termed the carryover effect) is specific and
interactive. It is not about generalized improvement or decline; rather, it is about the residual,
differential influence of Treatment A on the subsequent response to Treatment B. For a true
Sequence Effect to exist, the impact of A on B must be qualitatively different from the impact of B
on A. If A causes a specific physiological alteration that persists and interacts uniquely with B, but
B causes a different alteration that interacts uniquely with A, a Sequence Effect is present. If,
however, A followed by B simply results in the same performance decline as B followed by A, the
issue is likely a generalized fatigue (Order Effect), not a specific Sequence Effect. This distinction
dictates the appropriate mitigation strategy: counterbalancing controls for order effects, but more
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complex designs are required to isolate and address sequence effects.

The fundamental problem posed by the Sequence Effect is the violation of the homogeneity
assumption--that the effect of a treatment is the same regardless of what preceded it. When strong
Sequence Effects are detected, researchers may be compelled to abandon the within-subjects
design entirely and transition to a less powerful, but more robust, between-subjects design, or
interpret the findings strictly as interaction effects rather than main effects of the treatment
variables themselves. The failure to distinguish between these two effects can lead to the
inappropriate application of corrective measures, such as using simple reversal designs when
complex residual interactions are actually at play.

Underlying Mechanisms and Classification

The mechanisms underlying the Sequence Effect are diverse, spanning physiological,
pharmacological, and cognitive domains. One common physiological mechanism involves drug
interaction or residue. The classic example cited involves pharmaceutical studies, such as the
initial content provided: "The sequence effect can be seen in asthmatics when they take a reliever
followed by a longer term agent.” If a fast-acting bronchodilator (reliever) is administered first, its
temporary effects--including potential systemic stimulation--may linger and alter the absorption
rate, perceived efficacy, or side effect profile of the subsequently administered longer-term
prophylactic agent. The measured efficacy of the prophylactic agent is thus contaminated by the
residual presence of the reliever.

In psychological research, cognitive mechanisms frequently drive sequence effects. Exposure to a
complex problem-solving task (Condition A) might induce a specific cognitive "set" or strategy
persistence that participants then inappropriately apply to the subsequent, structurally different task
(Condition B). This is known as a set effect or transfer-of-training effect. This mechanism is
particularly strong in tasks involving learning or highly specific cognitive strategies, where the
mental framework established by the first task biases the processing of the second, even if that
framework is suboptimal for the latter task.

Furthermore, sensitization or desensitization can occur. If a participant is exposed to an
intensely negative stimulus (A), their threshold for reacting to a moderately negative stimulus (B)
may be artificially raised (desensitization), leading to an underestimated reaction to B. Conversely,
A might make the participant hypersensitive (sensitization) to related stimuli in B. These
mechanisms underscore that the Sequence Effect is fundamentally about the incomplete washout
or decay of the initial intervention's influence, leading to a systematic, specific alteration of the
dependent variable measurement in the subsequent condition.

Another classification of carryover involves interference effects, particularly relevant in memory
research, where the material learned in the first condition actively interferes with the retrieval or
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encoding of material in the second condition. This interference can be proactive (A interfering with
B) or retroactive (B interfering with the ability to recall A), but in the context of the Sequence Effect,
proactive interference is the primary concern, as the preceding condition actively contaminates the
measurement of the succeeding condition.

Practical Manifestations of the Sequence Effect

The Sequence Effect manifests across various disciplines where interventions are sequential. In
marketing research, the order in which advertisements are presented profoundly affects consumer
perception. If a high-quality, high-priced product advertisement (A) is shown before a lower-quality,
lower-priced product advertisement (B), the perception of B's value may be unfairly diminished due
to the contrast established by A, an instance known as a contrast effect. Conversely, if B is
shown first, A might seem even more appealing, demonstrating the sequence dependency of the
measured outcome--the perceived value of B is contingent on the preceding exposure to A.

In educational psychology, the sequence in which instructional methods are delivered can
significantly impact learning outcomes. For instance, testing the efficacy of two distinct teaching
modules, Module X (focused on abstract theory) and Module Y (focused on practical application),
yields dramatically different results depending on the order. If Module X is taught first, the abstract
theoretical framework may provide a necessary scaffolding that enhances the absorption and
retention of the practical skills in Module Y. If Module Y is taught first, the lack of theoretical context
may render the practical application less meaningful, resulting in a lower measured effectiveness
for Module Y. This highlights that the measured effect of the teaching method itself is inseparable
from the sequence in which it was encountered.

Within psychophysics, sequential sensory stimulation often demonstrates strong sequence effects.
For example, in studies of pain tolerance, exposure to an intense noxious stimulus (A) might
temporarily elevate the participant's pain threshold, causing a subsequent, less intense stimulus
(B) to be perceived as milder than it would have been if B were presented first. This physiological
adaptation or habituation carries over, fundamentally altering the measurement of the second
stimulus condition. Without controlling for the sequence, the study risks concluding that Stimulus B
is inherently less potent than it truly is.

Methodological Approaches to Control Sequence Effects

Given the threat the Sequence Effect poses to internal validity, researchers employ sophisticated
methodological techniques to manage or minimize its influence. The most common approach is
counterbalancing, though simple complete counterbalancing (testing all possible orders) is often
impractical if the number of conditions is large. Instead, researchers often rely on partial
counterbalancing methods, such as the Latin Square design. The Latin Square ensures that
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every condition appears equally often at every position in the sequence and, crucially, that every
condition precedes and follows every other condition exactly once. While the Latin Square controls
for primary order effects, it does not fully eliminate the possibility of complex, higher-order
sequence effects, requiring careful interpretation of the residual variance.

Another essential strategy, particularly in medical or pharmacological contexts, is the
implementation of an adequate washout period between treatments. The washout period is a
mandated interval intended to allow the effects of the previous treatment to completely dissipate,
returning the participant to a biological or cognitive baseline state before the next treatment is
administered. Determining the appropriate length of the washout period is often challenging and
requires prior knowledge of the treatment's half-life or decay rate, often necessitating pilot studies
or pharmacokinetic data. If the washout period is insufficient, residual effects persist, and the
sequence effect remains active.

Furthermore, researchers may employ a reversal design (ABAB design), especially in single-
subject research, to observe if the effect of the intervention is reversible when the intervention is
withdrawn and then reintroduced, which helps confirm that the observed change is attributable to
the intervention itself rather than a permanent carryover effect. When sequence effects are
strongly suspected or statistically confirmed, the most robust analytical approach involves including
the sequence order as an independent variable in the statistical model (e.g., ANOVA or
regression), allowing the researcher to isolate and estimate the magnitude of the carryover effect,
thereby statistically correcting for its influence on the main treatment effects.

Significance in Clinical and Experimental Settings

The diligent consideration of the Sequence Effect is paramount for generating reliable and
generalizable scientific knowledge in clinical and experimental settings. In clinical trials, ignoring
sequence effects can lead to incorrect conclusions about drug efficacy or dosage regimens. If a
treatment appears highly effective only when preceded by a specific placebo or baseline measure,
researchers might incorrectly attribute the success solely to the treatment, leading to flawed clinical
recommendations and potentially harmful patient protocols. Therefore, regulatory bodies frequently
mandate specific crossover designs and lengthy washout periods to ensure that the measured
outcomes reflect the true, independent effect of the pharmaceutical agent.

In fundamental psychology, the Sequence Effect guides the design of complex cognitive
experiments. Studies examining learning, memory retrieval, or emotional regulation must rigorously
control for how the presentation of stimuli or tasks influences subsequent performance. If a
researcher aims to compare two memory retrieval strategies, and the sequence (Strategy A
followed by B) yields vastly superior results compared to the reverse sequence (B followed by A), it
is insufficient to simply state that Strategy B is more effective. Instead, the finding must be carefully
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articulated: Strategy B is more effective when preceded by Strategy A, indicating a crucial
interaction.

This acknowledgment shifts the focus from simple main effects to complex interaction effects,
deepening the understanding of the underlying psychological processes and ensuring that
experimental results are accurately interpreted and reported, maintaining the integrity of the
scientific process. When significant sequence effects are unavoidable or detected, the researcher
must recognize the limitations imposed on the generalization of the findings, restricting the
conclusions to the specific sequential context in which the study was conducted.

Conclusion

The Sequence Effect stands as a formidable challenge to internal validity in any repeated
measures methodology. It underscores the reality that human behavior and physiological states
are not instantaneous and discrete, but rather cumulative and interactive. By understanding the
specific mechanisms of carryover--whether pharmacological residue, cognitive set, or sensitization-
-researchers can proactively desigh experiments that either minimize this effect through robust
counterbalancing and sufficient washout periods or, failing that, statistically model the effect to
prevent confounded conclusions. Ultimately, the careful management of sequential administration
is essential for ensuring that experimental results accurately reflect the efficacy of the treatment
variables rather than the artifact of their order of presentation.
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