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ADDITIVITY FROM MULTIPLE PRIMES IN
IDENTIFYING BACKWARD WRITTEN WORDS!

SALVADOR ALGARABEL, ALFONSO PITARQUE, MARIA JOSE SOLER
University of Valencia, University of Barcelona, University of Valencia
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Summary.—Activational theories of memory assume that activation from
several sources adds up to an intersecting node. We tested this idea in one ex-
periment where we kept constant the number of primes presented and we ma-
nipulated the number of different primes related to the target, the number of
presentations of the same prime, or the same target, presented as a prime. We
used a task in which the target was always a word, which appeared written
backward and had to be identified. We found a strong effect of target repe-
tition and diminished priming in the condition in which the target was re-
peated. We obtained additivity (greater activation) mainly in the condition
in which we presented several different primes, replicating and extending past
results.

Semaatic priming refers to the reduction in reaction time to a targer word,
when it is preceded by another semantically related word (prime). Semantic
priming as a phenomenon and activation as its theoretical referent are im-
portant concerns for memory theorists because they provide a tool to explore
the organization of semantic memory. In this respect, the phenomenon lends
support to network theories which assume that semantic memory is composed
of a large conceptual network in which concepts close in meaning are also
closely placed and the processing of a concept activates its closest associates.
The utility of the activation concept for the study of semantic memory would
be greatly strengthened if its empirical characterization could be more clearly
specified. This is one of the goals of the present paper, the investigation of
the empirical properties of activation.

Several recent research reports have explored a new property of the acti-
vation process implied by several current theories ( Anderson, 1983; Anderson
& Pirolli, 1984; Grossberg & Stone, 1986; McClelland & Rumelharr, 1985).
This property can be called additivity of activation and can be defined as the
increased facilitation of reaction time to a target word when several associated
concepts are activated, in comparison to when only one is acrivated. We could
also talk about additivity of activation from repeared activation of the same
prime node, in comparison with conditions in which only one is activated. In
spite of this theorerical interest, the assumption of additivity of activation has
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not been investigated empirically buc in a few reports and very tangeatially.
For example, Carroll and Kirsner (1982), using a rwo-word simultaneous iden-
tification task, found that the repetition of the prime stimulus, with relatively
long interrepetition intervals, did not affect reaction time to the stimulus pair
presented later. On the contrary, using low-frequency words, they found that
targee repetition diminished semantic priming, a resulc contrary to the idea of
addirivity or potenciation as defined in the present paper. The interaction be-
rween target repetition and semantic priming has not been replicated by den
Heyer (1986) who found complete independence between the variables (sta-
tistical additivity as defined by an analysis of variance), although a recent study
has shown this consistently (Algarabel, et al., 1988). The reason for the dis-
crepancy among the several studies is probably associated with the interrepeti-
tion interval. 'When short reperition intervals are chosen, chances of obtaining
an interaction between repetition and semantic priming are higher.

On the other hand, recent research (Algarabel, et al., 1988), using a lexical
decision task, showed no effect of repeating the same related prime or pre-
seating several different related primes on rarget reaction time. However,
when a different task was used, a targer preceded by several related primes pro-
duced more facilitation than when it was by a unique repeated related prime
or simply by a single related prime, demonstrating additivity of activation from
different presented primes. The task required variable presentation of a num-
ber of primes, with the target written backwards. The subject’s task was to
press the keyboard when he had idencified the target, which led to erasing
the stimulus from the computer screen, and to verbalize the word to the exper-
imenter. The idea behind the design of the task was twofold, to avoid on the
one hand, the dichotomy word-pseudoword on which lexical decision is based,
because this is probably the reason for the contamination of lexical decisions
with postlexical factors (de Groot, 1984 ), and on the other, to have a task suf-
ficiently sensitive to show any effect produced by the independent variables on
the latency of identification.

The present experiment was conducted as a stronger test of the additivity
assumption than that carried out in past reports (Algarabel, ez 4l., 1988). In
particular, we were interested in studying additivity of activation, varying the
relatedness variable at a constant number of primes. In past experiments (Al-
garabel, ez 4, 1988) we had manipulated simultaneously number of primes
together with relatedness. Now we kept constant cthe number of primes (al-
ways three) and varied the number of related primes (1-3) or the number of
repeaced presentations of the target as a prime (1-2).

We should expect to obtain, according to predictions of the major theoret-
ical positions (Anderson, 1983; McClelland & Rumelhart, 1985) that increased
stimularion of conceptual nodes linked to another conceptual node which rep-
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resents the rarget concept, produces facilitation of target node processing above
and beyond facilitation by a single prime. Moreover, we should expect that
the repetition of the target word, including it as a prime, should decrease re-
action time and lead to diminished priming, given the relevance of priming
by sources different from semantic priming. That is, the repetition of the
target word includes perceptual factors facilitating reaction time, which should
override the facilitative factors produced by semantic priming, as has been
shown in past reports (Algarabel, et al, 1988; Carroll & Kirsner, 1982; den
Heyer, 1986).

METHOD

Subjects

Thirty-six undergraduate students, 15 of them men, from the Universicy
of Valencia (Spain) served as subjects as a course requirement.

Stimuli and Procedure

The stimuli were selected from three different sources: category norms
(Pascual, Gotor, Miralles, & Algarabel, 1979), association norms (Algarabel,
Sanmarcin, Garcia, & Espert, 1986), and a Spanish Dictionary of antonyms and
synonyms (Sdinz de Robles, 1981). One hundred and eighty sequences of four
related words were selected, composing the original file from which the con-
ditions were randomly derived for every subject. The procedure was as fol-
lows. First, the computer chose randomly and independently for every subject
a different sequence of stimuli. Second, a2 random stimulus from each se-
quence was chosen as the targer, and then, depending on experimental condi-
tion, the other stimuli were re-paired appropriately to generate the rest of the
sequences. This process was repeated for each subject.

The task of the subject incuded 25 practice and 180 experimental trials,
composed of the following events. First, a fixation point (plus sign) appeared
in the center of a Macintosh computer monitor for 1000 msec. Second, three
signals for 117 msec. duration each, with an interstimulus interval of 0 msec.
were presented; all appeared in lowercase letters (Geneva, 12-point size).
Third, the stimulus target appeared, always a word, which stayed on until the
subject pressed a key (corresponding to the letter “B”) after its identificarion.
The stimulus test appeared in bold, capital letters (Geneva type, 12-point
size). All stimuli were between 3 and 8 letters long.

In the design we had 12 experimental conditions. There could be from
one to three different related primes, two or three related, repeated primes,
two or three nonrelated and repeated primes, one or two target-related and
repeated targets, one or two targets nonrelated and repeated, and finally a
general unrelated control condition with all three primes unrelated.

Subjects were told to respond as fast and accurately as possible.
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RESULTS

Errors made were 3.38% of all responses. Given their nonsignificance, no
attempt was made to analyze errors. All individual latencies below 500 msec.
or higher than two standard deviations from each subject’s mean were elim-
inated from the analysis (8.2%). Data for conditions in which the target
was repeated were analyzed separately from those of conditions in which the
prime was repeated. Table 1 presents the average reaction times for all con-
ditions in the experiment.

TABLE 1
MEAN BACKWARD WORD IDENTIFICATION TIMES (MSEC.) AND
STANDARD DEVIATIONS FOR CONDITIONS IN WHICH TARGET WAS INCLUDED
AS A PRIME (TARGET REPEATED) OR WHEN IT WAs NoT
(TARGET NONREPEATED) AND FOR NUMBER OF
RELATED, UNRELATED, REPEATED OR NONREPEATED PRIMES

No. of Target nonrepeated Target repeated

primes Related Nonrelated Related Nonrelated
Repeated  Nonrepeated Repeated Nonrepeated M SD M SD
M SD M SD M SD M SD

1 1697 469 1252 373 1365 399
2 1637 476 1527 391 1640 462 1211 431 1222 348
3 1525 412 1507 462 1718 504 1659 393

A one-way within-subjects analysis of variance was carried out on the con-
dition where there was no target repetition. The effect of experimental con-
dition was significant (F = 8.16, p < .001, MSe = 30067.57). To respond
to the question of interest, we calculated Newman-Keuls tests which showed
that the condition in which one related prime was presented (1697) did not
differ from the condition in which three nonrelated and nonrepeated primes
were presented (1659), that is, we did not observe priming for one related
prime. However, priming was noted when two or three related and nonrepeated
primes were presented (1527 and 1507) in comparison with condition in
which only one related prime was presented (1697). This indicates a priming
effect with two and three significantly different related primes. Also signif-
icant was the difference between conditions in which two and three related and
nonrepeated primes were presented (1527 and 1507), in relation to the unre-
lated control (1659).

Next, we looked at the results of the Newman-Keuls test for the condition
in which primes are repeated. The condition in which three related primes
were repeated (1525) was significantly different from those in which 1 and 2
related and nonrepeated primes were presented (1697 and 1637). This dif-
ference was of a semantic priming origin and not merely of stimulus repetition,
because the difference between the conditions with three related and repeated
primes (1525) was significantly different from the condition with nonrelated
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(1718) equivalent primes (p < .01). On the other hand, the repetition of
a prime per se has no effect because the conditions in which the primes were
nonrelated but repeated (1640 and 1718) did noc differ from the condition
in which the primes were repeated (1659).

We next examined the effect of number of primes when the target is re-
peated. For this purpose we carried out a one-way within-subjects analysis of
variance which produced significant results (F = 54.17, p < 0.01, MSe =
23324.17). Newman-Keuls tests showed that numbers of targer repetitions
were significant; all target-repeticion conditions differed from the no-repetition
control (p < .05), although the difference disappeared within two repeated
targets.

DiIscussioN

The results of this experiment support, in general, the idea of the additivity
of activation, particularly, when addicivity is tested with different related
primes. That is, even when condition in which only one related prime is pre-
sented, the reaction time is not different from that in the condition in which
all primes are unrelated and different, mean RTs for the other two levels of
the variable (two and three related and nonrepeated primes) are clearly sig-
nificantly different from the mean of the uarelated condition. Something
similar happens with the related and repeated prime condition, which is the only
condition in which the three primes were repeated; semantic priming appears.
Given that the stimulus onset asynchrony is of 350 msec., then the subject could
not form expectancies, so the stronger effects found when the two and three
related and repeated primes were presented must be produced by build up of
activation. It is also worth realizing chac the way in which che stimuli were
selected for the different conditions was very conservative and may have had
the effect of generating weakly associated stimulus sequences. This is so be-
cause we had to form four related word chains and to randomize from them all
conditions, including the target. That is a very rigorous way of selecting the
experimental stimuli, although very conservative. As a further check on the
automatic nature of the priming obrained in the experiment, the three unre-
lated conditions did not differ among themselves although they have, given
that the probability of forming an expectancy should have been greater with
three than with fewer unrelated primes.

With respect to the conditions in which the target is presented as a prime,
the effects are very clear as in past experiments (Algarabel, et al., 1988). The
presentation of the target as a prime, even without requiring a response from
the subject, produces a drastic reduction in reaction time, greater for the unre-
lated than for the related condition. This resule replicates data obtained re-
cently and argues against den Heyer's suggestion that repetition and priming
affect different stages of processing.
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Two sets of published data bear upon the current experiment. On the one
hand, Neely, ez al. (1983) found inhibition in responding on a recognition
task when the targer item was preceded by six items in comparison with two.
On the other, Reder (1983) found, on a sentence-comprehension task, that the
response to the last ambiguous word of the sentence was faster if both the sub-
ject and the relative clause primed the correct interpretation of the ambiguous
word. Given the parametric circumstances of the two studies, both can be
considered as showing strategic activation, whereas the present study, given the
asynchrony used, is constrained to automatcic activation.

Theoretically, additivity is a property implied by most activational models
of memory (Anderson, 1976, 1983; Collins & Loftus, 1975; McClelland &
Rumelhart, 1985), and from this point of view, the empirical finding does not
discriminate among theories. However, additivity discards the possibility of
viewing activation as an all or none process (Higgins, Bargh, & Lombardi,
1985), which once initiated reaches a maximum more or less instantaneously.

It is also interesting to realize thar additivity is a phenomenon closely re-
lated to the fan effecc (Anderson, 1983) and the target-set size interference
(Nelson, et al., 1987), because these last two phenomena seem to imply the
subtraction of activation. The three sets of data could be taken as converging
evidence in favor of an activation process which grows or decreases stepwise,
instead of all or none. Further research will help to delineate more precisely
the parametric development of the process.
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