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ADDITIVE-FACTORS METHOD

Primary Disciplinary Field(s): Cognitive Psychology, Experimental Psychology, Psychometrics

1. Core Definition

The Additive-Factors Method (AFM) is a rigorous experimental methodology and statistical

framework used primarily in cognitive psychology to analyze reaction time data. Developed

principally by Saul Sternberg in the late 1960s, its fundamental goal is to infer the organization of

underlying mental processes--specifically, whether two experimentally manipulated factors

influence the same stage of processing or separate, successive stages. AFM is premised on the

idea that cognitive operations occur in discrete, sequential stages, and the total response time (RT)

is the sum of the durations of these individual stages.

This method provides a powerful tool for theory construction by moving beyond simple behavioral

description to mapping the architecture of the mental system. The pattern of statistical results

obtained from manipulating pairs of factors--either an additive relationship or a statistical

interaction--allows researchers to deduce the functional relationship between the cognitive stages

being affected. Consequently, AFM transforms response time measurement from merely

assessing task difficulty into a diagnostic tool for internal process organization.

2. Origins and Proponent

The foundation of the Additive-Factors Method is rooted in the work of Saul Sternberg, who

published his seminal paper, "The Discovery of Processing Stages: Extensions of Donders'

Method" (1969). Sternberg sought to refine the subtractive method proposed by F.C. Donders,

which often faced criticisms regarding the assumption of pure insertion. Donders assumed that

adding a new mental process stage would simply increase RT without affecting the duration of pre-

existing stages, an assumption often difficult to justify empirically.

Sternberg's AFM provided a more robust alternative by focusing on the relationship between

variables rather than the absolute duration of stages. His work established that if two experimental

variables affect different processing stages, their effects on the total reaction time will be

independent and thus additive. Conversely, if they operate on the same stage, their effects will be

interdependent and manifest as a statistical interaction.

This shift from the subtractive logic of measuring stage duration to the additive logic of identifying

stage independence marked a significant advancement in the rigorous empirical study of human

information processing, providing cognitive scientists with a reliable framework for developing

stage models that characterize the flow of information through the mind.
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3. Theoretical Foundation: The Stage Model

AFM relies critically on the assumption that cognitive processing can be modeled as a series of

discrete, sequential stages. Each stage transforms input received from the preceding stage and

passes its output to the subsequent one. The total time taken to complete a task, the observed

reaction time (RT), is the sum of the time required to complete each successive stage (RT = Stage

A + Stage B + Stage C + ...). This framework is often referred to as a cascade or stage-processing

model, where the completion of one stage must precede the initiation of the next.

For the method to be applied successfully, the factors manipulated by the experimenter must be

hypothesized to influence specific, isolable stages. The experimental factors (e.g., stimulus quality,

memory set size, response complexity) are chosen because they theoretically modulate the

duration of one particular stage without influencing others. For instance, increasing the size of a

memory set might specifically extend the duration of the memory scanning stage (Stage B), but not

the stimulus encoding stage (Stage A) or the motor execution stage (Stage C).

The strength of AFM lies in its ability to test these theoretical models directly. By examining how

two manipulated factors jointly influence RT, the researcher can confirm or reject the hypothesis

that those factors map onto distinct processing modules within the proposed cognitive architecture,

thereby providing empirical constraint on model development.

4. Distinguishing Additivity vs. Interaction

The diagnostic power of the Additive-Factors Method stems from interpreting the statistical

relationship between two manipulated factors, Factor X and Factor Y, each varied across at least

two levels. These relationships are classified based on the resulting pattern in the reaction time

data:

Additivity (Different Stages): If Factor X affects Stage A and Factor Y affects Stage B (where A

and B are different, sequential stages), the effects of X and Y on total RT will be additive. This

means that the increase or decrease in RT caused by changing the level of X is constant,

regardless of the level of Y. When graphed, the mean RT functions for the different levels of Y,

plotted against the levels of X, will form parallel lines. Additivity suggests functional

independence between the stages impacted by the factors.

Interaction (Same Stage): If Factor X and Factor Y both affect the same processing stage (e.g.,

Stage A), or if one factor influences the way the other factor operates, their combined influence will

result in a statistical interaction. This signifies that the effect of Factor X on RT changes depending

on the level of Factor Y. When graphed, the RT functions plotted will show diverging, converging,

or crossing (non-parallel) lines. An interaction suggests shared processing mechanisms or

interdependence between the cognitive functions manipulated.
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The core methodology thus dictates that an additive effect implies that the two factors impact like

or different handling levels, leading to independence; if they impact the same level, their effects

should be interactive.

5. Experimental Application in Response Time Studies

AFM is applied through rigorous factorial experimental designs, typically involving a minimum 2x2

or 3x3 design where two or more factors are completely crossed. Researchers first hypothesize a

specific sequential stage model for the task at hand and then select factors intended to target

specific stages within that model.

A classic demonstration of AFM is found in Sternberg's own research on short-term memory

scanning (the Sternberg task). He manipulated the size of the memory set (the number of items to

be held in working memory, hypothesized to influence the comparison stage) and the degradation

of the stimulus (the clarity of the probe item, hypothesized to influence the encoding stage). Since

these two factors were found to have additive effects on reaction time, the conclusion was strongly

supported that the perceptual encoding stage and the memory comparison stage were functionally

independent and sequential operations.

Conversely, if researchers were to manipulate both the physical contrast of a stimulus and the level

of background noise (both likely affecting the initial perceptual input stage), an interactive effect

would be expected, providing evidence that these two factors converge upon the same sensory

processing mechanism.

6. Statistical Interpretation and Requirements

The statistical cornerstone of the Additive-Factors Method is the interpretation of the interaction

term within an Analysis of Variance (ANOVA). The hypothesis of additivity is confirmed when the

interaction term between the two factors is statistically non-significant, indicating that the effects of

the two factors are independent and thus suggesting they operate on different processing stages.

However, interpreting a lack of significance requires caution. In this methodological context, the

researcher is essentially arguing for the null hypothesis (no interaction). Therefore, the experiment

must possess high statistical power to ensure that a failure to find an interaction is not merely a

Type II error (falsely concluding independence when an interaction truly exists). Replication and

meta-analysis are often necessary to build confidence in an additive finding. Furthermore,

graphical inspection of the RT functions is essential to ensure that the pattern of means visually

conforms to the parallel structure expected under additivity, reinforcing the statistical result.
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7. Key Assumptions and Limitations

Despite its utility, AFM is subject to several theoretical and methodological assumptions that limit

its universal applicability:

Assumption of Strict Sequentiality: AFM assumes that cognitive processing occurs in discrete,

non-overlapping stages. This stage model conflicts with modern theories such as parallel

processing models or cascade models, which allow for partial overlap or continuous information

flow between stages. If stages overlap, the interpretation of additivity vs. interaction becomes

ambiguous.

Factor Selectivity: The method requires that the manipulated factors selectively influence only

one specific processing stage. If a factor is found to affect two or more stages simultaneously (a

pervasive effect), the resulting additive or interactive pattern cannot uniquely map the underlying

architecture.

Scale Dependence: The finding of additivity or interaction can sometimes be dependent on the

scale used to measure reaction time. Logarithmic transformation of RT data, for instance, can

sometimes change a finding of interaction into a finding of additivity, raising questions about the

theoretical significance of the observed interaction pattern.

Generalizability: The conclusions drawn from AFM pertain strictly to the specific set of conditions

and task structure under which the experiment was run. Minor changes in task instructions or

demands may alter the hypothesized stage structure, potentially changing the pattern of results.

8. Significance in Cognitive Modeling

The Additive-Factors Method represents a critical achievement in experimental psychology,

providing the first rigorous, quantitative means of testing hypotheses about the internal architecture

of the cognitive system using behavioral data. Its primary significance lies in providing an

empirically verifiable framework for building and testing structural models of cognition that go

beyond simple input-output observation. AFM provided the foundational logic that allowed cognitive

psychology to develop formal, mechanistic models rather than relying solely on descriptive

accounts.

The methodology has since been extended and adapted, influencing the development of process

models in fields ranging from psycholinguistics to human factors engineering. While complex

computational models and neuroscientific techniques offer deeper insights today, AFM's elegant

theoretical structure and reliance on fundamental factorial design ensure its continued relevance

as a crucial step in the initial exploration and validation of cognitive stage theories.

9. Further Reading
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Saul Sternberg (psychologist)

Cognitive psychology

Franciscus Donders
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