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Understanding Sequence Effects in Research: Definition and Examples

A sequence effect is a critical methodological artifact that arises in research when the specific

ordering of experimental treatments administered to participants systematically influences or
interacts with the subsequent outcome measures. This phenomenon poses a significant threat to
internal validity, particularly in experimental setups utilizing within-subjects designs, where every

participant is exposed to multiple conditions consecutively.

Unlike general degradation or improvement in performance caused by non-specific factors like
fatigue or practice (which are categorized as simple order effects), sequence effects involve a
precise residual influence, often termed a carryover effect. This means the specific experience of a
preceding condition fundamentally alters the participant's perception, physiological state, or
response to the condition immediately following it. Consequently, the measured effect of the
current treatment is contaminated by the lingering influence of the previous one.

This comprehensive guide meticulously defines the mechanisms underlying sequence effects,
provides detailed, contextual examples illustrating their impact, and outlines the robust
methodological strategies that research scientists must employ to effectively mitigate their
influence and preserve the integrity and validity of their study findings.

The Sequence Effect

Performance during this Performance during this
treatment affects the treatment affects the
next treatment. next treatment.
Treatment 1 —_— Treatment 2 —_ Treatment 3

Mechanisms Driving Sequence Effects

Sequence effects originate primarily from the psychological, physiological, or perceptual residue
left behind by a prior experimental condition. These lingering impacts prevent the participant from
returning to a true baseline state before beginning the next phase of the experiment, thereby
skewing the true measurement of the dependent variable. These effects are generally classified
into two principal categories: carryover effects and contrast effects.

A carryover effect occurs when the specific, substantive impact of the first treatment persists and
continues to affect performance or response during the subsequent treatment. For example, if a
researcher is studying the effects of medication, the active pharmacological ingredients of the first
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dose might remain in the participant's system, influencing the physiological baseline measurement
taken during the second condition (e.g., a placebo condition). This lingering physical or mental
state creates an additive effect, blurring the distinction between the true impact of the current
treatment and the remnants of the previous one.

In contrast, a contrast effect is a phenomenon common in subjective rating and perceptual tasks,
where the preceding stimulus establishes an anchoring baseline against which the current stimulus
is judged. If the initial stimulus was extreme--either exceptionally high or low--the second stimulus,
even if moderate in absolute terms, will be perceived as relatively opposite, leading to a distorted
rating. This mechanism often generates the most pronounced systematic errors in studies requiring
subjective judgments, as the internal standard of comparison is continually shifting based on recent
exposure.

Case Studies: lllustrating Sequence Effects in Research

To fully grasp the magnitude of sequence effects, it is essential to analyze scenarios where the
context established by an earlier condition fundamentally alters the participant's judgment criteria
or internal state. The following detailed examples demonstrate how the sequence of experimental
treatments can introduce systematic and profound bias into data collection.

1. Subjective Assessment of Quiz Difficulty

Consider a hypothetical cognitive research study where participants are required to sequentially
complete five distinct mathematics quizzes, designated Q1 through Q5. Following the completion
of each quiz, participants are immediately asked to rate its perceived difficulty on a standardized
scale and assess their confidence in their performance. The overarching research goal is to obtain
an intrinsic difficulty rating for each individual quiz, independent of context.

In this sequential design, the difficulty level of any previous quiz is highly likely to influence the
rating assigned to the current quiz--a classic demonstration of a contrast effect. If a participant
begins the sequence with an exceptionally challenging Quiz #1, and then proceeds to a moderately
difficult Quiz #2, they may subsequently rate Quiz #2 as "easy" or "manageable." This judgment is
not absolute; rather, the participant is comparing Quiz #2 directly to the immediate, demanding
memory of Quiz #1. Had the sequence been reversed--starting with an easy quiz--the moderate
Quiz #2 might have been rated as "difficult" by comparison. This dependency on the sequence
undermines the validity and independence of the difficulty ratings for all subsequent quizzes.

2. Perceptual Judgment of Physical Weight

Imagine a psychophysics study where researchers ask participants to sequentially lift and assess
the weight of three different dumbbells (A, B, and C). The participants are required to provide a
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subjective rating of how heavy they perceive each object to be immediately after handling it.
Assume Dumbbell A weighs 20 pounds, and Dumbbell B weighs 10 pounds.

If the participant picks up the significantly heavy 20-pound dumbbell (A) first, and immediately
follows this with the 10-pound dumbbell (B), they are highly likely to underestimate the perceived
weight of dumbbell B. Their muscles and perceptual system have been anchored to the high effort
and sensation of the 20-pound reference point. Consequently, they might incorrectly rate the 10-
pound dumbbell as "much lighter" than its actual weight suggests. This demonstrates a powerful
sequence effect where the extreme experience of the initial, heavy item carries over to sharply
contrast the judgment of the lighter item. To accurately assess the perceived weight of B,
researchers must ensure that this perception is not contaminated by the immediate handling of A.

3. Rating Speed and Velocity in Sports Performance

Suppose researchers conduct a study requiring participants to assess the speed of four different
sprinters (S1, S2, S3, S4) by viewing videos of their performances one after the other. Participants
are tasked with rating the velocity of each runner on a standardized 10-point scale.

If Sprinter S1 is exceptionally fast, that performance sets an immediate, high perceptual
benchmark for all subsequent judgments. When the participant views Sprinter S2, who may be fast
in an absolute sense but slower than S1, the participant is likely to rate S2 as relatively slower than
they would have had S2 been viewed first. The sequence effectively establishes a shifting context
where all subsequent runners are judged relative to the initial, fastest performance. The speed of
the immediately preceding sprinter directly interacts with and affects the participant's perception of
the current sprinter's velocity, compromising the true, independent rating of each athlete's
performance.

Methodological Controls: Minimizing Sequence Effects

To successfully safeguard the internal validity of research, particularly within within-subjects
designs, researchers must implement specific methodological controls designed to either disrupt
the interaction between conditions or account for the resulting variance. The two most fundamental
and effective strategies involve increasing the inter-treatment time and systematically implementing
counterbalancing.

1. Increase Time Between Experimental Treatments

The most straightforward approach to mitigating sequence effects is to significantly increase the
duration between the administration of experimental treatments. This strategy is fundamentally

aimed at allowing the effects of the previous condition to fully dissipate, ensuring the participant
returns to a true, uncontaminated baseline state before proceeding.
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Physiological Dissipation: For studies involving physical tasks or physiological manipulations
(such as drug trials, muscle fatigue, or the dumbbell weight example), this necessitates allowing
sufficient time for biological or physical effects (e.g., drug metabolism or muscle exhaustion) to
completely fade.

Psychological Decay: In cognitive and perceptual studies, increasing the interval--for instance,
implementing a 10-minute break, or scheduling treatments on entirely different days--reduces the
likelihood that the participant will consciously or unconsciously compare the current task to the
immediate memory and experience of the previous task. This decay minimizes the formation of
psychological anchors.

By spacing out the treatments sufficiently, researchers significantly increase the probability that
participants will provide responses that are truly independent of their immediate exposure to prior
conditions, effectively mitigating residual sequence effects.

2. Utilizing Counterbalancing Techniques

Counterbalancing is a powerful statistical and design technique where researchers systematically

vary the order in which experimental conditions are assigned across different groups of
participants. The primary objective is not to eliminate the sequence effect entirely, but rather to
distribute its influence evenly across all conditions. By ensuring that any carryover effect is
balanced, the researcher can then isolate and statistically control for the effect, separating it from
the independent variable's true impact.

In a scenario involving three conditions (A, B, C), complete counterbalancing requires using all
possible permutations (ABC, ACB, BAC, BCA, CAB, CBA). By employing each order an equal
number of times, the researcher ensures that Condition B follows A exactly as often as it follows C,
thereby balancing the carryover effects across all possible pairings. This systematic rotation
ensures that the position effect and the specific carryover effect are distributed equally throughout
the experiment.

Advanced Counterbalancing Techniques

While complete counterbalancing is statistically ideal, it rapidly becomes impractical as the number

of conditions (N) increases, requiring N! (N factorial) permutations. For studies involving five or
more conditions, researchers must rely on highly efficient incomplete counterbalancing methods to
achieve adequate control without requiring an impossibly large sample size.

Key Incomplete Counterbalancing Methods:

Randomized Blocks: In this simplest method, each participant receives a unique, random order of
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treatments. While straightforward to implement, this method does not statistically guarantee that
sequence effects are perfectly balanced across all participants, especially when working with
smaller sample sizes.

Latin Square Design: This represents the most popular and efficient technique for incomplete
counterbalancing. A Latin Square ensures two critical controls: first, that every condition appears
exactly once in every ordinal position (1st, 2nd, 3rd, etc.); and second, that every condition
precedes every other condition exactly once. This design provides robust control for general linear
order effects while significantly reducing the number of sequences required compared to complete
counterbalancing.

Balanced Latin Square Design: This is a sophisticated refinement of the standard Latin Square,
specifically ensuring that every condition is immediately followed by every other condition exactly
once. This design is considered the gold standard when researchers are particularly concerned
with immediate pairwise sequence effects, such as the direct contrast or carryover between
Treatment A and Treatment B.

The implementation of effective counterbalancing allows researchers to successfully disentangle
the true effect of a condition from the systemic artifact introduced by the sequence of experimental
treatments, leading directly to more accurate, reliable, and scientifically defensible conclusions.

Differentiating Sequence Effects and Order Effects

Maintaining the integrity of experimental design requires researchers to clearly distinguish between
sequence effects and the broader, related concept of order effects. Although both concepts relate
to the arrangement of conditions, their underlying causes and methodological implications are
fundamentally distinct.

1. The Nature of Order Effects:

An order effect refers to a systematic change in performance that is simply due to the general
position of a treatment within the sequence, regardless of which specific treatment it is. This
change is typically cumulative and non-specific over the duration of the experiment.

Practice Effect: Participants may systematically improve their performance on a task the later it
appears in the sequence because they have gained general cognitive or motor experience,
familiarity, or learned strategies from previous, unrelated treatments.

Fatigue Effect: Conversely, participants may systematically perform worse on a task the later it
appears due to accumulated mental exhaustion, boredom, or physical tiredness resulting from
participation in earlier, demanding treatments.

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://en.wikipedia.org/wiki/Treatment_group
https://en.wikipedia.org/wiki/Treatment_group
https://en.wikipedia.org/wiki/Order_effect
https://statistics.arabpsychology.com/?p=11105
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

Understanding Sequence Effects in Research: Definition and Examples

Order effects cause participants to systematically get better or worse at a task purely as a function
of time and position.

2. The Nature of Sequence Effects (Carryover Effects):

A sequence effect (or true carryover effect) is highly specific: it occurs when the identity and

inherent properties of the preceding treatment specifically interact with the current treatment. The
performance observed in condition B is affected by whether it immediately followed A or C,
indicating an interaction between the treatments themselves, not just the position.

For instance, exposure to a high-dose stimulant medication (Treatment A) may specifically and
significantly affect reaction time measurements in the subsequent placebo condition (Treatment B),
whereas exposure to a low-dose medication (Treatment C) may have no such lingering or
interactive influence on Treatment B. This unigue interaction between the content of the conditions
is the defining characteristic and primary concern of a true sequence effect.

Conclusion: Ensuring Validity in Experimental Design

Sequence effects represent a substantial and pervasive threat to the validity and reliability of
research findings, particularly within experimental designs that rely on repeated exposure to
multiple conditions. By accurately diagnosing whether the threat stems from simple fatigue, specific
carryover, or psychological contrast anchoring, researchers can implement rigorous and targeted
controls.

The successful mitigation of these effects--through employing adequate resting or dissipation
periods and utilizing advanced counterbalancing designs--ensures that observed differences in the

dependent variable are attributable solely to the manipulation of the independent variable. This
careful methodological control ultimately strengthens the reliability, internal validity, and
generalizability of the resulting scientific conclusions.
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