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The Locus Of Context Effects In Word Processing
Jane Ellen Cockrell

Understanding the processes involved in decoding
written material is of major interest in psychology.

This

goal has led to the development of information processing
models in which the different functions involved in decoding
are thought of as separate stages.

For example, given a

reaction time task in which subjects are required to dis¬
criminate between word and nonword items, a model attempting
to describe the processing events leading to a response
could include three stages: (1)

An initial encoding stage

where the item is transformed into an appropriate repre¬
sentation;

(2)

a lexical access stage where it is deter¬

mined if the item is stored in memory; and (3)

a decision

response stage in which the word-nonword decision is made
and the motor response is executed.
Within this framework, a variable which is known to
affect item processing is thought of as affecting at least
one stage.

Employing the additive factors method allows

one to make inferences concerning the locus of the effect
of a variable.

The variable to be studied is manipulated

along with another variable that is believed to affect a
particular stage.

Observing the statistical patterns of
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additivity and interaction between the two factors provides
an outline for the interpretation; additivity indicates that
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the variables are affecting different stages, while inter¬
action indicates a common stage.
The purpose of this study was to determine in which
stage or stages of item processing context has its effect.
According to the logic of the additive factors method, in
order to determine if context effects are perceptual in
nature, context should be manipulated along with an encoding
stage variable.
variable.

Stimulus quality is assumed to be such a

If the effects of stimulus quality and context

are additive, it is interpreted as meaning context is a
post-perceptual variable.

However, an interaction between

these two factors is assumed to be indicative that the
factors are influencing a common stage; in the event of such
an outcome, the inference would be made that context affects
the encoding stage.
Regardless of the context X stimulus quality outcome,
in order to determine if and where context has effects on
item processing beyond the encoding stage, it should be
manipulated along with a variable which affects a post-per¬
ceptual stage.

Previous research appears to have established

that context has no effect on the lexical access stage.
However, prior studies have not included the decision stage
as a possible locus for contextual effects.

Varying the

percentage of words and nonwords presented (the relative
response frequency) is assumed to affect this stage.

There¬

fore, varying both context and relative response frequency
should indicate whether context has any effect on the decision
stage.

The Locus of Context Effects
in Word Processing

Much research effort has been directed toward under¬
standing the processes by which meaning is extracted from
written material.

A popular strategy has been to study the

recognition of isolated letter strings (Rumelhart & Siple,
1974; Smith, 1969, 1971).

There are those who argue, how¬

ever, that any model of reading must incorporate the effects
of contextual information (cf. Kleiman, 1975; Neisser,
1966).

Support for such an assertion was originally evident

in the results of a small group of studies which document
context effects on the recognition process (e.g., Morton,
1969; Reicher, 1969; Tulving & Gold, 1963; Wheeler, 1970).
To date a number of models have been advanced to specify the
manner in which contextual information and stimulus cues are
combined during reading (e.g., Becker & Killion, 1977;
Marslen-Wilson & Welsh, 1978; Meyer, Schvaneveldt & Ruddy,
1975; Morton, 1969).

However, none of these models provides

a complete account of all available data (Schuberth, 1978).
The lexical decision paradigm has proven to be particu¬
larly useful for investigating contextual effects (Meyer &
Schvaneveldt, 1971; Schuberth & Eimas, 1977; Schvaneveldt &
Meyer, 1973).

The lexical decision requires a judgment of

whether a visually presented letter string is an English
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word or a nonword.

Although this is a relatively simple

task, its underlying cognitive processes are similar to
those required for reading.

At the very least, both involve

the encoding and lexical access of an item (Forster &
Chambers, 1973).
Research on lexical decisions has been used both to
test theories of word recognition and to isolate stages in
the processing sequence in which variables have their
effects.

The present thesis falls in the latter category.

Specifically, the study is aimed at determining if context
affects response operations.

Information obtained from

stage-analysis studies is important for models of word
recognition in that it defines the specific operations
affected by a variable.

Likewise, research designed to test

word recognition models is often relevant to stage theories.
The first section of this thesis presents the empirical data
obtained from both research areas.

The second critically

reviews word recognition and lexical decision models.

The

next section describes the current thinking concerning the
locus of context effects.
A Data Base For Theories of Contextual Effects
Meyer and his associates have found that ’’word"
decisions are faster when letter strings are preceded by
semantically associated primes (BREAD-BUTTER) than when
preceded by unrelated primes (BREAD-NURSE) (Meyer,
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Schvaneveldt & Ruddy, 1972, 1975).

As these studies omitted

a neutral control condition, they do not provide a basis for
determining whether facilitation, inhibition, or both occur.
Studies including the appropriate control condition (Neely,
1976; Schuberth & Eimas, 1977) have found that both
facilitation and inhibition are operative.

Further,

pronounceable nonwords, nonpronounceable nonwords, and words
benefit from prior presentation of contextual information.
Three results have been obtained in lexical decision
studies in which two or more of the following variables were
manipulated factorially: stimulus quality, stimulus
intensity, context (i.e., the semantic relatedness of the
stimulus and the context), transitional probability (i.e.,
predictability in context) and word frequency.
1. The effect of context interacts with the effect of
the visual quality (Meyer, Schvaneveldt, & Ruddy,
1975) and intensity of the stimulus (Becker &
Killion, 1977).
2. Both stimulus quality (Schuberth & Spoehr, 1979;
Stanners, Jastrzembski & Westbrook, 1975) and
stimulus intensity (Becker & Killion, 1977) combine
additively with word frequency to influence reaction
time.
3. Transitional probability (i.e., the predictability
of a word in a given context) and word frequency
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additively influence response latency (Schuberth &
Spoehr, 1979).
Regardless of the ultimate theoretical description of
the facilitdry and inhibitory effects of context on lexical
decisions, it would appear that any such model should
incorporate these findings.
Theories of Contextual Effects
At the present time, no available model provides a
totally satisfactory explanation regarding the effects of
contextual information on word recognition or word/nonword
classification.

One proposed model of word recognition is

Morton's logogen model (1969).

The model assumes that the

visual characteristics of a stimulus (e.g., lines, curves,
and angles) are identified by a visual feature analyzer.

An

identified feature is then analyzed by a vector of word
detectors or logogens.

A logogen may be thought of as a

counting device containing the visual, auditory and semantic
features relevant to the word it represents.

Whenever an

identified stimulus feature matches a feature in a word
detector, an internal counter for that detector is
incremented.

When the level of the feature count for a

particular word detector reaches a criterion level, the word
represented by that logogen becomes available as a response.
Thus, according to this theoretical perspective, the time
required for the identification of an isolated word is a
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function of 1) the rate at which the visual features of a
stimulus are identified, and 2) a logogen’s criterion
activation level.
The logogen model offers an elegant explanation of how
stimulus information and contextual information combine in
the process of word recognition.

Consider a situation in

which the isolated item, BONE, is presented in a visual word
recognition task.

A criterion number of stimulus features

must be extracted and counted before the logogen
representing the stimulus word will surpass its threshold
activation level.

However, when this item is preceded by

the sentence context, "THE PUPPY CHEWED THE

.",

semantic features from the context system are fed into the
logogen for BONE before the presentation of the stimulus.
As it is assumed that the feature count of a logogen is
incremented without regard to the source of excitation, an
increase in the activation level resulting from context
lowers the amount of additional excitation necessary to
reach threshold.

Therefore, fewer features must be

extracted from a stimulus word following a relevant context
in order to exceed the logogen's threshold activation level.
Thus, the model is capable of explaining how words are
identified more rapidly when an appropriate context is
provided.
The logogen model also can handle efficiently the
results obtained when inappropriate context is presented.
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Under such conditions the feature count for a target item's
logogen remains unchanged.

However, the probability of a

word becoming available is a function of the ratio of its
logogen's activation level to the total activation for all
existing logogens.

Therefore, inappropriate context

increases activation levels for irrelevant items resulting
in a lower probability that the logogen corresponding to the
stimulus will become available.
In its present form, the logogen model is a .theory of
word recognition.

In order to accommodate the data obtained

for word stimuli in lexical-decision experiments, the
logogen model requires the addition of the following four
assumptions:
1. The presence of a response corresponding to the
activated logogen in the output buffer is sufficient
information for an observer to infer that a word had
been presented.
2. The reaction time for this decision is inversely
related to the probability that a logogen has been
activated.

That is, decision time is inversely

related to the logogen's response strength, which in
turn, is a function of stimulus and contextual
information and the item's frequency of occurrence.
3. The amount of stimulus information available to a
logogen is assumed to be independent of its
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frequency (Morton, 1969, p. 18) and prior context
and to be a function of stimulus factors only.
. 4.

The rate at which stimulus information becomes
available is independent of the strength of the
logogen and does not vary with stimulus duration, at
least within the time usually necessary to extract
sufficient information to activate a logogen
(Schuberth & Eimas, 1977, p. 34).

When applying the logogen model to lexical-decision
data, one of the predictions of the model is that any
variable (e.g., stimulus intensity or stimulus quality)
which interferes with the feature extraction process should
interact with context.

That is, assuming that the effect of

context is to lower the number of stimulus features
necessary to activate the logogen for the stimulus, then any
manipulation which decreases the rate at which features are
extracted should have a greater effect when no context is
provided.

This prediction of a Stimulus intensity or

Stimulus quality X Context interaction is congruent with the
empirical results (Becker & Killion, 1977; Meyer,
Shvaneveldt & Ruddy, 1975).
Despite the intuitive appeal of the logogen model, not
all of the empirical results are readily interpretable
within its framework.

For example, Becker and Killion

(1977) found that applying the logic discussed above to
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frequency effects produces an inconsistency.

It is à common

finding that word frequency and ease of recognition are
inversely related (Solomon & Howes, 1951).

Morton has

attributed this finding to a difference in criterion levels
for high and low frequency words.

Although the mechanisms

causing context and frequency effects are different, their
mathematical results should be indistinguishable: Highfrequency words and contextual information are both assumed
to reduce the number of stimulus features that must be
processed.

Therefore, frequency and stimulus intensity or

stimulus quality also should interact.

However, as will be

discussed presently, the empirical results do not support
this prediction (Becker A Killion, 1977; Schuberth & Spoehr,
1979; Stanners, Jastrezembski, & Westbrook, 1975).
Becker and Killion (1977) offered an alternative to the
logogen-type model, the verification model.

Incorporating

aspects of the logogen model, the verification model assumes
that the purpose of the feature analyzer is to extract
features from the stimulus input and to send them to the
lexical-memory system.

According to the model, the feature

analyzer is not capable of word recognition; its function is
to identify candidates on the basis of primitive feature
information.

These candidates comprise the sensory set;

each member of the set is sampled individually in the
verification stage.

If the characteristics of the sampled
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item match the stimulus representation stored in visual
memory, then the word which the sampled item represents is
recognized; however, in the event that a match is not
encountered, the sampling process proceeds until either a
match is made or the set is exhausted.
Within the Becker and Killion framework, context is
assumed to excite relevant logogens, as suggested by Morton
(1969).

According to the verification model, this

semantically derived set of logogens becomes available for
verification prior to stimulus exposure.

Therefore, when a

congruous word is presented subsequently, the semantic
sampling set is already available for verification.

Thus,

this theoretical perspective assumes that the feature
analytic stage is bypassed, resulting in a decreased
response latency.

However, when the target is an unrelated

word, the verification procedure first exhaustively searches
the semantic set and then focuses attention on the sensory
set.

The time needed for an exhaustive sampling of the

semantic set is assumed to delay the sampling of sensory set
items.

In this manner, the verification model can

accommodate both the facilitory and inhibitory effect of
context.
Within the framework of the verification model, the
interpretation of the Stimulus intensity X Context (related
or unrelated priming) interaction requires the addition of
the following two assumptions: 1) Stimulus intensity

10

directly affects the rate of feature extraction, and 2)
intensity manipulations within a reasonable range do not
affect the verification process.

According to the model,

manipulating intensity under isolated conditions affects the
first stage in the processing sequence: Low intensity levels
decrease the rate of feature extraction.

This decrease

results in a delay of the availability of a sensory set.
However, as intensity differences are assumed not to affect
the verification procedure, once the set is defined
processing continues as if under optimal intensity levels.
The Context X Intensity interaction is interpreted as
follows: Providing a relevant context eliminates the
necessity of the feature analytic process.

Therefore, the

only effects of poor intensity levels on congruous word
processing would be those occurring in the peripheral visual
system.

On the other hand, the identification of an

incongruous word depends upon the availability of its
sensory set logogen.

As recognition of a sensory set member

is a function of stimulus intensity, reaction times would
increase substantially under poor intensity conditions.
Therefore, the verification model predicts that when a
context is provided, varying the levels of intensity has a
greater affect on unrelated than related target items.
Morton’s logogen model and the verification model
predict opposite outcomes when stimulus intensity and word
frequency are manipulated.

Both models postulate that
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intensity affects the rate of feature extraction.

The

opposite predictions arise from different assumptions made
by the two models concerning the effects of word frequency
on item processing.

Within the framework of the

verification model, members of a sensory or semantic set are
assumed to be sampled in the verification stage in a highto-low frequency order.

Thus, the difference in reaction

times between common and rare words is a function of the
number of words rejected prior to a verification.

Hence,

frequency effects are assumed to be a result of a difference
in processing in the verification stage and not in the
analytic stage.

Morton's logogen model, on the other hand,

assumes that frequency effects are a result of high
threshold values for rare words and low threshold values for
common words.

Therefore, according to Morton's model,

stimulus intensity should have a greater effect when rare
words than common words are presented.

Hence, a Stimulus

intensity X Word frequency interaction is predicted.
Alternatively, the verification model assumes that the two
factors influence separate stages, and their effects should
be additive.

Becker and Killion (1977) provide empirical

support for the verification model: The difference in
reaction times for common and rare words is constant across
all levels of intensity.
Although the verification model is able to predict a
Stimulus quality X Context interaction, it is unable to
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accommodate the finding that stimulus quality affects
congruous and incongruous conditions.

both

Although the effect

of quality is lessened by providing an appropriate context,
it clearly is not eliminated (Meyer, Schvaneveldt, & Ruddy,
1975; Schuberth & Spoehr, 1979).

Schuberth and Spoehr

(1979) proposed an addition to the verification model which
accommodates this finding.

According to this view, a

degraded item initiates a preprocessing operation.

This

operation causes a delay in the processing sequence under
contextual as well as isolated conditions.
In order to accommodate the additive effects between
transitional probability and word frequency, Schuberth and
Spoehr (1979) further extended the verification model by
adding the following two assumptions; 1) Semantic set
members are grouped for verification according to
predictability.

2) During verification, highly predictable

semantic set members are sampled prior to unlikely set
members.

Within probability groups, words are sampled in a

high-to-low frequency order.

Thus, with the additional

assumptions proposed by Schuberth and Spoehr (1979), the
verification model can accommodate many of the established
lexical-decision findings for word stimuli.
There is a major problem with both the logogen model
and the verification model in explaining the lexical
decision process; The systems are not capable of
accommodating nonword effects.

Within the verification
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framework, nonword processing should be similar to
incongruous word processing.

The presentation of an

unexpected item, whether it be a nonword or an incongruous
word,, should result in an exhaustive search of the semantic
and sensory sets and a subsequent delay in response latency.
Therefore, there should be inhibitory effects for nonword
items.

Alternatively, according to the logogen model, when

a nonword is presented, the counters for those logogens with
similar features will be incremented; however, no logogen
should reach activation threshold.

The model does not

include a mechanism for translating this event into a
nonword decision.

An obvious modification is to introduce a

deadline such as "if, after X msec, a logogen has not fired,
execute a nonword response" (Schvaneveldt & Meyer, 1976).
However, it has been demonstrated that pronounceable
nonwords (e.g., PLINK) have larger response latencies that
non-pronounceable nonwords (e.g., PLINKI) (Stanners &
Forbach, 1973).

The proposed modification offers no

explanation as to how reaction times for nonword
manipulations can differ.

Several investigators have

proposed that a check for orthographic or phonological
regularity occurs early in the processing sequence.

The

detection of illegalities occurring during nonpronounceable
nonword presentation leads to a rapid "nonword" response
(Rubenstein, Lewis, & Rubenstein, 1971; Snodgrass &
Jarvella, 1972).

Recognition of a pronounceable nonword, on
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the other hand, depends upon the expiration of a default or
deadline value.
A variation on this deadline approach was introduced by
Coltheàrt, Davelaar, Jonasson, & Besner (1977).

The

possibility of a variable deadline was proposed by Oilman
(1977).

Given a situation in which subjects are aware of

discrimination difficulties prior to item presentation,
lenient deadline values could be adopted under difficult
discrimination conditions and strict values under simple
conditions.

Coltheart, et al. suggested that this deadline

value could be adjusted during item processing.

For

example, assume that during item presentation deadline
values are increased whenever a number of excited logogens
is: detected.

Thus, when targets are either words or

pronounceable nonwords, deadline values are adjusted upwards
allowing more time for an accurate decision.

However,

during nonpronounceable nonword presentation, no excitement
is detected in the logogen system; therefore, the deadline
value is not readjusted, since the correct response is
probably "nonword."

Despite the intuitive appeal of this

deadline variation, it is not capable of explaining context
facilitation for nonwords without further assumptions.
Meyer and Schvaneveldt (1971) proposed two stage models
that explain context effects in the lexical decision
process.

These models assume that words with similar

meanings are organized in human memory in much the same
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manner as in a thesaurus; two semantically related words are
proximally located in memory.

The first model, the

spreading-excitation model, hypothesizes that a stimulus
item (e.g., DOCTOR) activates its location in semantic
memory, and this activation spreads to surrounding locations
(e.g., NURSE, PATIENT).

According to the spreading-

excitation view, when a related target item is presented
subsequently, the high activation level of its logogen
facilitates recognition.

Meyer and Schvaneveldt (1976)

suggest two assumptions about how a high activation level
affects the encoding of a related target: 1) A high
activation level allows more efficient feature analytic
processing,, or 2) A fewer number of features is required for
criterion.

The second model proposed, the location-shifting

model, assumes that attention must be allocated to the
location of the word being identified.

Subsequent

presentation of another word requires that one must redirect
attention to a new location.

The effects of context

therefore can be explained in terms of the distance between
the two locations: The time it takes to shift attention from
one location to another is a function of their distance and
its correlate, semantic relations.
Schvaneveldt and Meyer (1973) conducted a study
designed to distinguish between the two models.

The task

employed involved the simultaneous presentation of a vector
of three letter strings.

(One important assumption is that
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this vector is processed serially and from top to bottom.)
In the event that all letter strings were words, subjects
were required to respond "yes."

Alternatively, subjects

were required to respond "no" when word-nonword combinations
were presented.

The dependent measure was response latency

as a function of item position (top, middle, bottom).
The two models make several opposing predictions:
Consider a situation in which the following three words are
presented: BREAD (top position); STAR (middle position); and
BUTTER (bottom position).

The location shifting model would

predict that the association between BREAD and BUTTER would
not facilitate the reaction time for a "yes" response.

That

is, thé unrelated word in the middle position requires the
same shift in attention as a condition in which all words
are unrelated.

In contrast, the excitation-spreading view

holds that reaction time would be facilitated.

According to

this view, processing the word, BREAD, produces a spread of
neural excitation to proximal locations.

Therefore,

assuming that the decay in excitation is not immediate, the
increased activity level at the location for BUTTER should
enhance its recognition.

In summary, the spreading-

excitation model predicts faster reaction times in the
BREAD-STAR-BUTTER condition than in a condition in which all
words were unrelated.

On the other hand, the location-

shifting model predicts similar response latencies in the
two conditions.

Reaction times for the related-unrelated-
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related (RUR) triplets were significantly different from
those in conditions in which all words were unrelated.
Thus, the results support the spreading excitation model.
Meyer, Schvaneveldt, & Ruddy (1975) advanced a stage
model capable of incorporating the Stimulus quality X
Context interaction, which incorporates the spreading
excitation mechanism.

According to the model, a visual

stimulus is processed sequentially through four stages:
graphemic encoding, phonemic transformation, lexical memory
retrieval, and response execution.

Associated words are

construed as sharing common pathways such that the
presentation of an associated prime, by activating these
pathways, results in more efficient graphemic encoding.

As

stimulus quality can be assumed safely to affect the
graphemic encoding stage, both stimulus quality and context
share a common processing stage.

According to the logic of

the additive factors method (Sternberg, 1969), which will be
discussed at length in a subsequent section, any two
variables affecting the same stage can be expected to
interact.

Meyer, et al.'s explanation of the Context X

Stimulus quality interaction does not appear satisfactory in
that context facilitation is assumed to be a result of
priming visual feature analyzers.

It would appear that the

shared pathway explanation should assert that context
affects semantic processing rather than visual processing.
Another problem with the spreading excitation theory is that
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it cannot account for the finding that context hinders the
classification of unrelated items.

As activating one

pathway is assumed generally not to inhibit other pathways
(c.f., Posner & Snyder, 1975), Meyer, et al.'s theory is
unable to accommodate the finding of inhibitory context
effects.
Posner and Snyder (1975) have argued that spreading
excitation and limited capacity attention are mechanisms
which conjunctively describe the processes responsible for
context effects.

Within this framework, excitation is

viewed as an automatic process, whereas location shifting is
construed as requiring conscious attention allocation.
Also, because attention is allocated, misdirected attention
should result in inhibition.

However, a process which

operates automatically should be a benefit to the system at
no cost.
Neely (1976) conducted a study to determine whether
context facilitation was due to conscious attention
allocation.

Subjects were required to make lexical

decisions in a word priming or a neutral priming condition.
Word primes were either semantically related or semantically
unrelated to the target words.

The neutral prime was a

series of XX's preceding targets.

According to the Posner

and Snyder view, an increase in reaction times under
semantically unrelated conditions as compared to neutral
conditions would imply that a conscious attention mechanism

19

was operating.

Thus, inhibition for incongruous words would

be evidence for location shifting.

The data were congruent

with this view in that subjects' reaction times were slower
for words when they were preceded by semantically unrelated
words than when preceded by neutral warning signals.

This

inhibition could occur if the subject’s attention was
directed at the logogen for the priming word requiring a
large shift to an unattended logogen when a semantically
unrelated target word was presented.
Within this theoretical perspective, priming words
should inhibit nonword processing.

Although the location-

shifting view may not be applicable to nonword processing,
the energy required for allocating attention from a limited
capacity system should attenuate the strength of the system.
It follows that a word prime preceding a nonword should
require more energy (due to having to locate the word prime)
and therfore a larger response latency than a neutral
warning signal.

The results, however, were not congruent

with this theory.

Neely (1976) found that providing a

priming word significantly facilitated nonword processing.
Neely (1976) advanced the associative matching model to
accommodate the following pattern of results: Congruous word
facilitation, incongruous word interference, and nonword
facilitation.

The model specifies that upon seeing a word

prime such as "doctor," a subject will generate semantically
related responses such as "nurse" and "patient."

During
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stimulus presentation, these self-generated items are
compared to the target.

A match between a candidate and a

target item is assumed to decrease the latency of a word
response.

In contrast, a mismatch is assumed to result in a

bias to respond "nonword."

Hence, the presentation of a

nonword should decrease reaction times; however, reaction
times should increase during incongruous word presentation.
Thus, this theory assumes a differential response-bias
underlying decision latencies for congruous and incongruous
word s.
The Locus of Context Effects
Rather than to test a specific model of word
perception, the present thesis was designed to obtain
information on a more basic problem, determining the
processing stages of the lexical-decision task affected by
context.

Certainly, any model explaining the influence of

context should incorporate the appropriate processing
components.

As noted earlier, it has been established that

context affects the encoding stage (Meyer, Schvaneveldt, &
Ruddy,

1975).

Of particular interest in this study were the

response operations of lexical-decision processing.

That

is, does providing an appropriate context alter the response
components of the word-nonword decision process?
The additive factors methodology provides a means for
the examination of the individual operations involved in
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item processing (Sternberg, 1969).

Within this framework,

each.operation is construed as a separate stage.

For

example, given a lexical decision task, a model attempting
to describe the processing events leading to a response
could include three stages: (1) An initial encoding stage
where the item is transformed into an appropriate
representation; (2) A lexical access stage where it is
determined if the item is stored in memory; (3) A decision
response stage where the word-nonword decision is made and
the motor response is executed.

(Meyer, Schvaneveldt &

Ruddy, 1975.)
According to the additive factors method, a variable
which is known to affect item processing influences at least
one stage.

The method provides a means for determining

which processing stage(s) is affected.

There are two basic

assumptions underlying this methodology: (1) The stages in
information processing are sequential and independent, and
(2) The events occurring in each stage are independent of
the duration of prior stages.

These assumptions have

important implications when interpreting the effect of a
variable on item processing.

First, it implies that the

total reaction time is the sum of the duration of each
stage; therefore, a variable which affects the total time is
affecting the duration of at least one of the stages.

A

second implication is that two variables which have their
effects in different stages add independently to the total
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reaction time; hence, their effects are also additive.
However, when the two variables affect the same stage, it is
assumed that the effect of one variable is dependent on the
level of the other; thus, their effects interact.

Employing

the additive factors method allows one to make inferences
concerning the locus of the effect of a variable.

The

variable to be studied is manipulated along with another
variable that is believed to affect a particular stage.
Observing the statistical patterns of additivity and
interaction between the two factors provides an outline for
the interpretation; additivity indicates that the variables
are affecting different stages, while interaction indicates
influence of a common stage.
. Previous research involving this methodology had
identified stages in the information processing sequence in
which factors are believed to have their effects.

One such

factor is stimulus quality (intact vs. degraded, where a
degraded item has an overlaying grid of dots).

Using a

memory scanning paradigm, Sternberg (1967) found that
positive set size and stimulus quality added for practiced
subjects.

These results indicate that stimulus quality

affects the encoding stage; degrading a stimulus item
appears to influence only those aspects of the processing
sequence which do not involve the comparison of a stimulus
with positive set members.
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The increase in reaction time under degraded conditions
is attenuated when a appropriate semantic context is
provided (Meyer, Schvaneveldt, & Ruddy, 1975).

Similarly,

Becker and Killion, (1977) found a significant interaction
when manipulating context and another encoding stage
variable, stimulus intensity.

Assuming that stimulus

quality and intensity affect only the encoding stage, these
results are interpreted as meaning that context affects
encoding operations.
The lexical access stage has also been investigated as
a possible locus of context effects.

The lexical access

stage variable, word frequency, and context were
manipulated.

The assumption is made that the difference in

reaction times for high and low frequency words is a
function of the rate at which they are accessed in lexical
memory; high frequency words are accessed faster than low
frequency words (Rubenstein, Garfield, & Millikan, 1970;
Stanners, Jastrzembski, & Westbrook, 1975).

The empirical

evidence obtained when manipulating context and word
frequency indicates that their effects are additive
(Schuberth & Eimas, 1977; Schuberth & Spoehr, 1979).

The

interpretation is that context does not influence the
lexical access operation.^

1. Within the Becker and Killion model, context and
frequency additively influence retrieval operations;
context isolates a semantic subset, and frequency
influences the order in which these items are verified.
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Research designed to test decision explanations of
context effects has been inconsistent with the view that
context affects decision processes.

Meyer and Schvanaveldt

(1976) presented subjects with pairs of letter strings, the
test being to respond "yes" if both strings were words and
"no" otherwise.

Response latencies were shorter when

associated words than when unassociated words were
presented.

One explanation of this difference is that the

response criterion changes as a function of semantic
similarity.

For example, the semantic comparison model

proposed by Schaeffer & Wallace (1970) assumes that the
subject is aware of semantic similarity before he or she has
evaluated the stimulus along all critical dimensions.
Therefore, semantic similarity is assumed to produce a bias
to respond positively.

Therefore, semantically similar

items produce faster positive responses.

In contrast,

semantic similarity would slow negative responses.
Consistent with this view, findings in studies by Schaeffer
and Wallace (1969) have demonstrated an inhibitory effect of
association on negative responses.

For example, these

authors found that the judgment that two words belong to two
different superordinate categories is slowed by semantic
similarity.

(Note that this paradigm might require

different processing operations than those used in making a
lexical decision.)

Schvaneveldt and Meyer (1973) tested

this explanation by presenting three letter strings
simultaneously.

Inconsistent with the response bias
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explanation, these investigators found that a combination
such as BREAD BUTTER SATH produced faster reaction times
than when the words were unrelated.
The Present Experiment
It has been assumed in previous lexical decision models
(Meyer A Schvanaveldt, 1971; Schvanaveldt & Meyer, 1973; and
Meyer, Schvaneveldt & Ruddy, 1975) that context does not
influence response operations; however, until recently there
was no empirical evidence concerning this issue.

Schuberth

(1978) attempted to assess the differential effects of
context on the response components of the lexical decision
process for congruous and incongruous words.

Using the

analytic methods of signal detection theory (Green & Swets,
1966), he found that context did not differentially affect
the decision components in the processing of the two word
types.

The purpose of the present thesis was to obtain

direct information on the absolute effect of context on this
stage.

The additive factors methodology provided the means

for this investigation.

According to the logic of this

method, context should be manipulated in conjunction with a
response stage variable.

Sternberg (1969) concluded that

varying the yes-no response probabilities in a binary
decision task affects the response translation stage.
Generalizing this conclusion to lexical decisions, relative
response frequency is assumed to influence the response
stage.

Therefore, manipulating context and relative

26

response frequency should indicate whether context has any
affect on this stage: If the effects of relative response
frequency and context are additive, it is interpreted as
meaning that context is not a decision stage variable.
However, an interaction between these two factors implies
that they are influencing a common stage; in the event of
such an outcome, the inference would be made that context
affects response operations.
The above analysis assumes that relative response
frequency affects only the decision-response stage.
Previous researchers have assumed that relative response
frequency does not influence item encoding, but the evidence
is only indirect (Scarborough, Cortese, & Scarborough, 1977;
Sternberg, 1969).

As an internal check on this assumption,

two levels of stimulus quality were employed.

An additive

relationship between stimulus quality, a variable known to
affect the encoding stage, and relative response frequency
would indicate that these variables do not affect a common
processing stage.
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Method

Subjects
Forty-eight Rice University students (28 females and 20
males) received course credit for serving as subjects.

Each

subject was tested individually in a 45 minute session.
Subjects were randomly assigned to conditions with the
constraint that each contained an equal number of subjects.
Materials and Apparatus
Eighty sentence contexts consisting of an articlenoun-verb-article configuration (e.g., THE SWIMMER FEARED
THE

) were employed.

A semantically appropriate target

word (4-8 letters in length) completed each sentence.

Also,

associated with each sentence was a pronounceable nonword.
These items were drawn largely from the sample of
orthographically and phonologically legal nonsense items
employed by Rubenstein, et al. (1971).

All stimulus

materials were the same as those used by Schuberth (1978).
Stimuli were typed on Kodak Ektagraphic write-on slides and
presented on either one of two slide projectors; context
materials were presented on one projector and target items
were presented on another.
screen was 15 feet.

The viewing distance from the

Words and nonwords were degraded by

superimposing a pattern dot overlay (Letratone 10).

28
Subjects responded "word” or "nonword" by pressing one
of two marked buttons on a response panel.

Reaction times

were measured via a Lafayette msec, clock (Model #54419).
All of the apparati were operated automatically by relay
equipment.
Design
There were 4 groups of 12 subjects defined by the
orthogonal combination of 2 levels of stimulus quality
(intact vs degraded) and 2 levels of relative response
frequency (75% word, 25% nonwords vs. 50% words, 50%
nonwords) .

Repeated measures were taken for each of the 4

groups on the variables of item type (word or nonword) and
context.(present or absent).
Procedure
During a test session, each subject was presented 160
target items requiring a word or nonword response.

Context

and no context trials were blocked in groups of 80.
Sentence contexts were presented for two seconds prior to
the onset of target items.
these sentences aloud.

Subjects were required to read

Target items remained on the screen

until the subject executed a response.

The interval between

a response and the onset of the next context sentence was
two seconds.

For the trials in which no sentence contexts

were presented (the isolated condition), the screen was
blank for four seconds prior to the appearance of the target
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item.

Subjects received a ten-minute break between the

context and isolated conditions.

Prior to testing, all

subjects were presented ten practice trials under the same
conditions as those to be administered during testing.

For

example, subjects seeing degraded items in a 75% words-25%
nonwords condition, were presented this same condition for
practice.
The eighty sentence contexts were presented in the same
order for all subjects.

However, for each subject a random

procedure was employed for determining whether the word or
nonword associated with each sentence would be presented.
Also, in the isolated condition the same words and nonwords
used in the context condition were re-ordered randomly.
Therefore, each subject responded to the same eighty words
and nonwords in the two conditions.
All subjects were told the percentage of words and
nonwords to be presented prior to testing.

Also, the

importance of both speed and accuracy was emphasized at this
time.
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Results

Errors
As can be seen in Table 1, stimulus quality, item type,
context, and relative response frequency all affected the
error rate.

More errors were made Ca) when the stimulus was

degraded that when it was intact, F(1,40) s 7.57, £ < .01,
(b) when a nonword rather than a word was presented, F(1,40)
= 6.18, £ < .02, and (c) when a stimulus was presented
following context than when it was presented in isolation,
F(1,40) = 14.48, £ < .001.

The Item Type X Relative

Response Frequency interaction, was also significant,
F(1,40) = 18.77, £ < .001: More errors were made to words
when words were equally likely than when 15% of the stimuli
were words, whereas more errors were made to nonwords in the

15%-25% condition than in the 50%-50% condition.
Reaction Time
An inspection of Table 2 reveals that, as in the case
of errors, stimulus quality, item type, context, and
relative response frequency all affected response latency
reliably.

Reaction times were shorter (a) when a stimuls

was intact than when it was degraded, F(1,40) s 43.82, £ <
.001, (b) when a word rather than a nonword was presented,
F(1,40) = 88.17, £ < .001, and (c) when a stimulus was
presented following context than when it was presented in
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isolation.

The effect of relative response frequency was

reflected in the Item type X Relative response frequency
interaction, F(1,40) = 5.29, <.03: Nonwords were classified
more quickly in the 50%—50% condition than in the 75%-25%
condition, whereas there was essentially no effect of
relative response frequency on word items.

Both the effects

of stimulus quality and context were greater for nonword
than word items as reflected by the significant interactions
between Stimulus quality X Item type, F(1,40) = 27.99, £ <
.001 and Context X Item type, F(1,40) = 9.42, £ < .01.
There was no evidence that the effect of relative
response frequency differed as a function of stimulus
quality: neither the Stimulus quality X Relative response
frequency interaction, F(1,40) = 0.27, the Stimulus quality
X Relative response frequency X Item type, F(1,40) = 0.003,
nor any of the higher order interactions involving relative
response frequency and stimulus quality were significant.
A strong interaction between context and stimulus
quality was obtained, F(1,40) = 33.01, £ < 001.

The

difference between degraded and intact stimuli was 647 msec,
when stimuli were presented in isolation but only 343 msec,
when a context was provided.

As reflected by the Context X

Stimulus quality X Item type interaction, the extent to
which context attenuated the effect of stimulus quality was
greater for nonwords than for words, F(1,40) = 5.44, £ < .03.
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The effect of relative response frequency did not
differ reliably as a function of context, F(1,40) = 0.16,
£<.69, nor did the Relative response frequency X Item type X
Context interaction approach significance, F(1,40) = 2.05,
£=.16.

Neither were any of the higher-order interactions

among these variables significant.
The effect of trial blocks can be ascertained by
analyzing the Order of context X Context interaction: This
interaction contrasts the mean of the context and isolated
word conditions when presented first with the mean of these
conditions when presented second.

Similarly, the

interaction of trial blocks with any other variable can be
tested by the triple interaction containing that variable,
order, and context.
Degrading the stimuli increased response latency 273
msec, in trial block 1 but only 71 msec, in trial block 2,
the Order X Context X Stimulus quality interaction was
significant, F(1,40) = 14.60, £ < .001.

The effect of trial

blocks was greater for nonwords than for words as shown by
the Order X Context X Item type interaction, F(1,40) = 6.33,
£ < .02.

In contrast, there was no evidence that the effect

of relative response frequency differed as a function of
trial block.

Neither the Order X Context X Relative

response frequency, F(1,40) = 0.26, £ = .61, nor the Order X
Context X Relative response frequency X Item type, F(1,40) =
2.26, £ = .14, effects approached significance.

Mean Percent' Errors as a Function of Stimulus Quality, Relative Response
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Discussion

In order for studies using the additive factors method
to provide meaningful results, it is necessary that each of
the factors affect processing time.

This condition was met

in the present study: Stimulus quality, relative response
frequency, and context all significantly influenced response
latency.

The interpretation of the effect of context is

made somewhat ambiguous by the fact that the decrease in
reaction time was accompanied by a significant increase in
errors.

It appears unlikely, however, that the increase in

errors of slightly over

could be responsible for a

substantial portion of the 443 msec, reduction in reaction
time.
Stimulus quality was chosen as the variable affecting
the encoding stage whereas relative respsonse frequency was
chosen as a variable likely to affect the decision/response
stage.

Consistent with this interpretation is the finding

that stimulus quality and relative response frequency did
not interact significantly, and therefore can be assumed to
affect different stages.
The Stimulus quality X Context interaction obtained in
the present study replicates the previous finding of Meyer,
et al. (1975).

There appears to be little doubt that
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context affects the encoding stage.

This finding will be

discussed presently.
The most important finding in the present study
consisted of the failure of context and relative response
frequency to show any tendency to interact.

This result

suggests that context does not affect the decision/response
stage.

A conclusion that two variables affect different

stages derived from a study using the additive factors
method must be considered in light of certain inherent
problems in the method.

The first concerns the fact that

inferences are based on an acceptance of the null hypothesis
(Pachella, 1974; Taylor, 1976).

In the present study the

effects of relative response frequency and context were
remarkably additive, and the null hypothesis does appear to
be a good description of the data.

It is true, of course,

that it is impossible to ever affirm the null hypothesis.
second problem results from the possibility that two
variables affect the same stage, but combine additively
(Pachella, 1974; Sternberg, 1969; Taylor, 1976).

Advocates

of the additive factors method argue (Sternberg, 1969),
quite correctly, in the view of the author, that this is
unlikely.

Nevertheless, it is possible.

A related

criticism is based on the assumption that what the
experimenter considers a stage may actually consist of a
number of substages (Taylor, 1976).

In order for this

criticism to carry much weight, the substages and a

A
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theoretical justification for them must be provided.
Finally, the method assumes that manipulating a variable
does not alter the processing sequence (Pachella, 1974).

In

the present study this does appear to be a reasonable
assumption.

That is, one would not expect that manipulating

stimulus quality, relative response frequency or context
would affect the encode-access-decide-respond sequence.
The following findings obtained in the present study
taken in conjunction with previous findings have important
implications concerning the locus of context effects:
1. Context and stimulus quality interact.
2. Context and word frequency add.
3. Context and relative response frequency add.
Thus, context appears to influence only the encoding stage
in a lexical decision task.

Becker and Killion (1977)

proposed the verification model as an explanation of the
Context X Stimulus quality interaction.

The verification

model was introduced as an alternative to the logogen model
in an attempt to interpret the additivity between context
and word frequency.

According to the model, a visual

feature analyzer identifies primitive features (e.g., line
segments, curves, angles) of a stimulus; however, this
feature analyzer cannot identify the ’’relational” features
necessary for word recognition.

Therefore, within the
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vérification model framework the feature analysis process
yields a crude approximation of the stimulus.

The function

of this process is to identify a subset of items (known as
the sensory set) that is consistent with the primitive
feature information.

The second process in the verification

model is the verification process.

Its function is to

sample members of the sensory set for comparison with the
representation stored in visual memory.

Each word selected

for comparison is used in conjunction with its abstract
representation to predict the relational features of the
stimulus which is stored in visual memory.

If a match is

found, the word used to predict the relational features is
recognized.

In the event that a match is not encountered,

another word is sampled from the sensory set.

Context

facilitation in the verification model is assumed to be a
result of the elimination of sensory set identification.
That is, context is thought to delineate a semantically
derived set which is available to the verification process
prior to stimulus presentation.

That is, semantic set

verification and sensory feature definition are assumed to
occur simultaneously.

Thus, the feature analysis process is

bypassed when semantic context is presented.

In the event

that the context is not semantically related to the
stimulus, the semantic set is exhausted and verification
precedes to the sensory set.
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In order to explain the Stimulus quality X Context
interaction within the verification process the following
assumptions are required: The rate of feature extraction is
a direct function of stimulus quality.

Therefore, degrading

stimuli when no context is presented results in the delay in
the identification of the sensory set.

This implies that

degrading stimuli affects the feature analysis process plus
the system peripheral to the assumed visual memory.
Providing a relevant context eliminates the necessity of the
feature analytic process.

Therefore, the only effect of

degrading stimulus quality on congruous word processing
would be those occurring in the peripheral visual system.
Thus, the verification model predicts that when a context is
provided, varying stimulus quality has a greater affect on
unrelated than related items.
The verification model cannot explain the facilitation
of context on pronounceable nonwords.

According to the

model, the presentation of the context should result in the
generation of a semantically derived set.

In the event that

the stimulus is a nonword, this set would have to be
searched exhaustively before sampling from a sensory set
begins.

Thus, the verification model predicts that

pronounceable nonwords should take longer to identify when a
context is presented.
In the present study a similar Context X Stimulus
quality interaction was found for both word and nonwords.
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This commonality of context effects on these stimuli
suggests that context is affecting the encoding stage in the
same manner for both words and nonwords.

A complete model

of letter string processing must delineate exactly what this
effect is.
The finding that stimulus quality and item type
interact suggests that words and nonwords are encoded
differently.

Stanners, Jastrzembski, and Westbrook (1975)

proposed a "multiple look” encoding theory to accommodate a
similar Quality X Item type interaction.

According to this

view, subjects take multiple looks when encoding a stimulus
item whenever difficulty in accessing the item in lexical
memory.is encountered.

Hence, nonwords are likely to

require more looks than words.

The theory proposes the

following explanation as to why the difference in reaction
times between words and nonwords is greater under degraded
than intact conditions: If the assumption is made that each
look requires a "re-encoding" of the item, then the effect
of degradation on encoding time is added to the total
response latency for each additional look.

As more looks

are required for nonwords than words, this extra processing
time requirement is greater for nonwords.

Under intact

conditions the extra processing time for degradation is not
required; therefore, the difference between words and
nonwords is greater when the stimuli are degraded.
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Trial blocks interacted with stimulus quality but not
with relative response frequency.

Therefore, repeating

stimuli appears to affect the encoding stage.

Scarborough,

Cortese, and Scarborough (1977) found evidence that
repetition affects the lexical access stage.

The present

findings do not contradict those of Scarborough, et al. as
there is no reason why repetition cannot affect both the
encoding and the lexical access stages.
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