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Sequence Effect

Primary Disciplinary Field(s): Experimental Psychology, Research Methodology, Statistics,

Clinical Trials

1. Core Definition and Conceptual Framework

The Sequence Effect is a phenomenon observed primarily in within-subject experimental designs,

specifically repeated measures designs, where the administration of treatments or conditions

occurs in a non-randomized, fixed, or consistent order across all participants. Fundamentally, the

sequence effect refers to the impact that the specific arrangement or linear succession of

experimental conditions has on the dependent variable, independent of the inherent effect of the

individual treatments themselves. It is the result of the fixed order influencing the subsequent

responses, meaning that Condition B yields a different outcome if it follows Condition A than if it

follows Condition C, purely because of the pathway taken to reach it. This effect poses a significant

threat to the internal validity of research because it introduces a systematic bias that can be

confounded with the main treatment effect, making it impossible to isolate whether the observed

changes are due to the intervention itself or merely the predetermined structure of its delivery.

A sequence effect is often confused with, but distinct from, the broader category of order effects.

While an order effect generally refers to any influence exerted by the temporal position of a

treatment (e.g., all conditions administered early in the experiment yielding different results than

those administered later due to fatigue or practice), the sequence effect specifically captures the

transitional influence--the unique interaction between Condition X followed immediately by

Condition Y. For instance, in a medical context, as noted in the source material, if a patient

receives a fast-acting reliever medication followed by a long-term preventative agent, the

measured efficacy of the preventative agent might be artificially suppressed or enhanced due to

the residual physiological action or expectation created by the preceding reliever. The careful

identification and distinction of sequence effects are paramount in studies where repeated

exposure to stimuli or interventions is necessary, such as learning studies, pharmacological trials,

or perception experiments.

The magnitude and direction of the sequence effect depend heavily on the nature of the

interventions being sequenced. If the treatments involve cumulative learning or physiological

adaptation, the sequence effect may manifest as a progressive improvement or deterioration over

the course of the experiment. Alternatively, if the treatments are mutually interfering or involve

contrasting emotional states, the sequence effect could result in sharp contrasts or reversals in the

measured outcomes. Researchers employing repeated measures must actively anticipate potential

sequence effects during the design phase, as failure to account for them renders the study's

findings statistically ambiguous, potentially leading to erroneous conclusions about the efficacy or
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nature of the experimental manipulations.

2. Relationship to Order and Carryover Effects

Understanding the sequence effect necessitates distinguishing it from two related methodological

threats: the general order effect and the specific carryover effect. The order effect is an

overarching term describing changes in participant performance or response simply because of

where the condition falls in the experimental series. Typical examples include practice effects

(improvement over time due to familiarity with the task) and fatigue effects (deterioration over time

due to exhaustion or boredom). These are systematic biases tied to the position (first, second,

third, etc.) regardless of which specific treatment occupies that position. If Treatment A is always

first, and performance is always best in the first condition, the order effect confounds Treatment A's

efficacy.

The carryover effect, while closely related to the sequence effect, represents the lingering

influence of a specific treatment (T1) on the performance of the immediately succeeding treatment

(T2). For example, if T1 is an intense physical exertion task, the muscle soreness resulting from T1

that persists into the T2 measurement phase constitutes a carryover effect. The sequence effect,

however, is a slightly broader methodological concern that encompasses the potential interaction

between T1 and T2, even if the carryover is not purely residual, but rather a contextual shift. A true

sequence effect implies that the pairing (T1 followed by T2) creates a unique environment for T2

that would not exist in the pairing (T3 followed by T2). In essence, while carryover is the residual

contamination from the previous treatment, the sequence effect is the specific confounding

interaction inherent in the arrangement of treatments.

It is crucial for experimentalists to recognize that these three effects often co-occur. A poorly

designed repeated measures study may suffer from general fatigue (order effect), residual

cognitive load from the prior task (carryover effect), and the unique contrast created by switching

from a high-stimulus condition to a low-stimulus condition (sequence effect). Methodological rigor

demands that researchers employ design techniques, primarily counterbalancing, to

systematically distribute or eliminate these threats, thus purifying the measurement of the true

treatment effects. The inability to fully dissociate these confounding variables is a primary reason

why some experimentalists favor independent groups designs, despite the latter's demand for

larger sample sizes.

3. Experimental Context: Repeated Measures Designs

The sequence effect is intrinsically tied to repeated measures designs, also known as within-

subjects designs, where every participant is exposed to every level of the independent variable.

The primary advantage of this design is its statistical power and efficiency, as it controls for inter-
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individual variability because each subject serves as their own control. However, this advantage

comes at the cost of vulnerability to sequence and order effects, which introduce systematic error

that threatens validity.

In a typical repeated measures experiment involving three conditions (A, B, and C), if all

participants receive the conditions in the fixed order A-B-C, any differences observed in Condition

B might not be attributable solely to Condition B itself. Instead, the results for B are confounded by

the fact that B always followed A. If the researcher were to conclude that B is superior based on

these results, that conclusion would be flawed because the potential positive (or negative)

sequence effect of A preceding B has been inextricably merged with B's true effect. This fixed

order creates a dependency structure in the data that violates the fundamental assumption of

independence of observations often required for statistical inference.

The decision to use a repeated measures design, despite the risks associated with sequencing, is

often driven by practical constraints or the necessity of studying change within individuals. For

example, longitudinal clinical trials tracking the progression of drug efficacy over different dosages

inherently require repeated measures. In such scenarios, the careful management of time,

washout periods, and the explicit use of counterbalancing techniques become mandatory ethical

and methodological requirements to ensure the data collected is valid and reliable, thus preventing

the sequence effect from dominating the observed variance.

4. Mechanisms and Causes

The mechanisms underlying the sequence effect are manifold and depend heavily on the domain

of research, spanning cognitive, physiological, and psychological processes.

Sensitization or Desensitization: In perceptual or physiological studies, the initial exposure to a

treatment might alter a participant's biological or sensory threshold. For example, exposure to a

very loud noise (T1) might temporarily desensitize the auditory system, making the perceived

intensity of a subsequent, moderate noise (T2) appear lower than it otherwise would.

Interference or Priming: In cognitive psychology, the content or method of T1 might prime certain

cognitive schemas or create proactive interference, directly impairing or assisting performance on

T2. If T1 involves memorizing a list of related words, and T2 involves memorizing a list of unrelated

words, the structured nature of T1 might interfere with the organization required for T2.

Emotional or Affective Residue: If T1 induces a strong emotional state (e.g., anxiety or

sadness), that affective state may linger, influencing the participant's subjective response to a

neutral or mildly positive T2. This affective carryover creates a sequence effect where the

emotional context, rather than the intrinsic stimulus value of T2, dictates the response.

Expectation and Hypothesis Guessing: When treatments are administered sequentially,

participants may become aware of the experimental manipulation or the intended outcome. This
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expectation can cause participants to consciously or unconsciously alter their responses in

subsequent conditions, known as demand characteristics. If the sequence of drug dosages goes

from low to high, participants may simply expect greater effect in the later stages, regardless of the

drug's true pharmacological power.

These mechanisms underscore why the sequence effect is a specific threat: it is not merely about

the passage of time (order effect) but about the specific chemical, cognitive, or psychological

reaction generated by the transition between two defined states. Effective experimental design

must include mechanisms, such as adequate inter-trial intervals or the use of masking, to allow

these transitory effects to dissipate, or employ statistical methods to isolate their contribution.

5. Mitigation Strategies: Counterbalancing

The primary and most essential strategy for mitigating the confounding influence of the sequence

effect is counterbalancing. Counterbalancing involves systematically varying the order of

treatments across different participants to ensure that every condition has an equal chance of

appearing in every serial position and following every other condition an equal number of times.

There are several forms of counterbalancing, each designed to address various levels of

complexity and types of effects:

Complete Counterbalancing: This method requires that all possible orders of conditions be used.

For an experiment with k conditions, there are k factorial (k!) possible sequences. For example,

with three conditions (A, B, C), there are 3! = 6 possible sequences (ABC, ACB, BAC, BCA, CAB,

CBA). While ideal for smaller experiments (k ≤ 4), the required number of sequences rapidly

increases, making it impractical for studies with five or more conditions.

Partial Counterbalancing (Latin Square Design): When complete counterbalancing is infeasible,

researchers use partial methods, most commonly the Latin Square. The Latin Square ensures that

each condition appears exactly once in each serial position and that each condition precedes and

follows every other condition exactly once (or as closely as possible, depending on the number of

conditions). This method efficiently balances out the first-order sequence effects (the immediate

transition A to B) without requiring an excessively large number of groups.

Randomized Block Design: For very long sequences or continuous variables, researchers might

randomize the order of treatments within blocks for each participant. While this does not guarantee

perfect balance across all sequence combinations, randomization helps distribute the sequence

effects randomly across conditions, transforming the systematic bias into unsystematic error, which

can often be handled by standard inferential statistics.

The goal of counterbalancing is not necessarily to eliminate the sequence effect, which may be

inherent to the treatments, but to statistically unconfound it from the main effect of interest. By

distributing the influence of the sequence across all treatments equally, the researcher can then
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average out the sequence bias, allowing for a cleaner estimate of the true difference between

conditions.

6. Statistical Implications and Data Analysis

When sequence effects are present and not adequately counterbalanced, they inflate the error

variance and bias the estimates of the treatment means. Statistically, the systematic error

introduced by the fixed order decreases the power of the study to detect genuine differences. If a

researcher fails to recognize and model the sequence effect, the interpretation of standard

analyses of variance (ANOVA) or regression models applied to repeated measures data can be

fundamentally misleading.

In cases where counterbalancing is used (e.g., a Latin Square), the sequence effect can

sometimes be explicitly modeled as a factor in the statistical analysis. By including "Order" or

"Sequence Group" as an independent variable, the researcher can test whether the mean

differences observed across the sequence groups are statistically significant. A significant

sequence effect indicates that the order of presentation matters, confirming the necessity of the

counterbalancing strategy. Modern statistical techniques, such as mixed-effects models (or

hierarchical linear models), are particularly well-suited for analyzing complex repeated measures

data. These models allow researchers to specify nested data structures and explicitly model

sources of variance, including the variance attributable to individual subject differences, temporal

effects, and specific sequence interactions, providing a more robust and granular assessment of

the pure treatment effects.

Furthermore, if a sequence effect is hypothesized to be non-linear or related to specific carryover,

researchers might apply statistical corrections, such as adjusting the means based on the

performance in the preceding condition. However, such retrospective statistical manipulation is

generally less desirable than proactive methodological control (counterbalancing), as statistical

adjustments rely on assumptions about the nature of the confounding variable that may not hold

true in reality. Ultimately, the presence of a substantial, unmitigated sequence effect may lead a

researcher to deem the data invalid for answering the primary research question, necessitating

replication with a superior design.

7. Significance and Impact in Applied Research

The sequence effect holds profound significance in applied research fields, particularly those

involving interventions that have lasting physiological or behavioral impacts.

In clinical pharmacology and trials, avoiding sequence effects is critical. The example of

asthmatics receiving a reliever followed by a long-term agent illustrates this perfectly. If a fixed

sequence is used (reliever then preventative), the measurements of the long-term agent might
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always reflect a baseline lowered by the preceding reliever, potentially underestimating the

preventative agent's true stand-alone effect. For drug trials involving crossover designs (a type of

repeated measures), regulatory bodies like the FDA mandate rigorous washout periods and often

require balanced sequences to ensure that any residual effects from the first treatment have

completely dissipated before the second treatment is initiated. Failure to observe these precautions

can invalidate years of research and prevent regulatory approval.

In educational and training studies, sequence effects determine the optimal curriculum design. If

teaching Method A followed by Method B leads to superior retention than B followed by A, the

sequence effect informs pedagogical practice. Similarly, in usability testing for human-computer

interaction, if participants test Interface 1 followed by Interface 2, the learning curve established on

the first interface may unfairly inflate the perceived usability of the second, necessitating careful

rotation of the interface exposure order to obtain unbiased comparisons. The rigorous

management of the sequence effect thus ensures that research findings genuinely reflect the

properties of the treatments or systems being tested, rather than artifacts of the experimental

procedure itself.

Further Reading

Counterbalancing (Experimental Design)

Repeated Measures Design

Carryover and Sequence Effects in Experimental Design
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