
Memory & Cognition
/989. /7 (3). 359-3(1}

The negative generation effect:
Delineation of a phenomenon

STEPHEN R. SCHMIDT and KATIE CHERRY
Virginia Polytechnic Institute and State University. Blacksburg, Virginia

In four experiments employing between-list designs, generation was found to have negative
effects on free recall of word pairs and on cued recall of the second word. In addition, generation
had negative effects on measures of word-pair integration and on clustering in recall. In con
trast, positive effects of generation were found on free recall of second words alone, and on a recog
nition test for memory of the second word. It was concluded that in between-list designs, genera
tion led to greater individual-item processing of the generated term than reading, but this
processing occurred at the expense of processing the relation between the words in a pair and
processing the relations between different pairs in a list.

Slamecka and Graf (1978) demonstrated that recogni
tion of the second word from word pairs was greater if
subjects were required to fill in missing letters from that
word than if subjects were simply asked to read the word
pairs. This phenomenon has been called the generation
effect. The generation effect has been demonstrated with
word pairs (Slamecka & Graf, 1978), single words (Glisky
& Rabinowitz, 1985), sentences (Graf, 1982), and prose
materials (McDaniel, 1984). In addition, the generation
effect has been found with cued recall and recognition tests
(Slamecka & Graf, 1978), and under both intentional
(Slamecka & Graf, 1978) and incidental (Glisky &
Rabinowitz, 1985; Jacoby, 1978; McDaniel, 1984) in
structions.

The generation effect is important for both its practical
and its theoretical implications. From a practical point of
view, leaving letters out of textual material may be an
easy way to improve memory of a text. From a theoreti
cal point of view, the generation effect potentially pro
vides evidence relevant to a number of theoretical frame
works. For example, perhaps the generation of material
requires greater depth of processing (Craik & Lockhart,
1972) than reading. Perhaps generation should be thought
of as a more difficult encoding task than reading, and thus
the effects of generation should be cast within an encoding
difficulty framework (e.g., Tyler, Hertel, McCallum, &
Ellis, 1979). Alternatively, the generation effect can be
approached from the perspective of the distinctiveness
hypothesis and the distinction between individual-item and
relational processing (Einstein & Hunt, 1980; Hunt & Ein
stein, 1981).
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their comments on an earlier version of the manuscript. Experiment 3
was presented at the Annual Meeting of the Midwestern Psychology
Association, May 8, 1987. Requests for reprints should be sent to Stephen
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Experiment 1 reported below was designed to determine
the effects of generation on individual-item and relational
processing. Individual-item processing refers to process
ing the specific attributes of each to-be-remembered item.
Relational processing refers to processing the relations
between to-be-remembered events. Three hypotheses con
cerning the effects of generation on individual-item and
relational processing have been proposed: (1) the specific
enhancement hypothesis, in which generation enhances
the processing of the relation between the first term and
the generated term in a word pair (Rabinowitz & Craik,
1986), (2) the "individual-item" hypothesis, in which
generation enhances individual-item information of the
generated word (McDaniel, Einstein, Dunay, & Cobb,
1986), and (3) the "more of both" hypothesis, in which
generation leads to enhanced relational processing of a
pair and to enhanced processing of the response term
(Hirshman & Bjork, 1988).

The original intent of this research project was to dis
tinguish among these hypotheses. However, this intent
was sabotaged by serendipity, for we employed between
subjects designs. Recent evidence suggests that the gener
ation effect is obtained only in within-list designs (Begg
& Snider, 1987; Siamecka & Katsaiti, 1987). In a within
list design, subjects read some of the items on a to-be
remembered list and generate other items on the same list.
Memory of the generated items is then compared with
memory of read items from the same list. In such a de
sign, generated items may receive extra attention at the
expense of read items (Slamecka & Katsaiti, 1987). In
between-list designs, subjects either read or generate the
entire list, and comparisons are made between memory
of the read and memory of the generated lists. Slamecka
and Katsaiti (1987) demonstrated that positive effects of
generation are found on the free recall of the generated
terms in within- but not in between-list designs. In addi
tion, items read were more poorly recalled in the within
list design than in the between-list design, suggesting that
the enhanced recall of generated items in the within-list
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design occurred at the expense of the read items. In light
of Slamecka and Katsaiti's (1987) results, as well as the
results of Begg and Snider (1987), the three hypotheses
described above are in need of reevaluation. Generating
words may indeed influence individual-item and/or rela
tional processing, but that influence may depend upon list
structure.

In the experiments reported below, we employed
between-list manipulations of encoding tasks (read vs.
generate). To our surprise (prior to the publication ofBegg
& Snider, 1987, and Slamecka & Katsaiti, 1987), we
found that generation led to lowerlevels of free recall than
reading. We then pursued this "negative generation ef
fect, " finding it under a variety of conditions across seven
different experiments involving more than 1,000 subjects.
Five of these experiments are reported below. In these
experiments, we explored the negative generation effect
from the perspective of individual-item and relational
processing. Again, several hypotheses can be generated.
In a between-list design, it is unlikely that generation has
a positive effect on both relational and individual-item
processing and yet produces a negative effect on recall.
However, it is possible that generation has a negative ef
fect on one type of processing and not the other when com
pared to reading. Or perhaps, generation may increase
one type of processing while decreasing the other.

Postive effects of generation in between-list designs
have been reported, most notably by Slamecka and Graf
(1978, Experiment 1) and Graf(1982, Experiment 1). A
recognition test of memory was employed in both of these
experiments, suggesting that, even in between-listdesigns,
generation enhances the individual-item processing im
portant for recognition judgments. However, individual
item processing is also important in recall. Slamecka and
Katsaiti's (1987) failure to obtain a generation effect on
recall in between-list designs thus challenges the notion
that generation increases individual-itemprocessing in this
type of design. Perhaps generation has a positive effect
on individual-item processing and a negative effect on
relational processing, leading to no effect (and sometimes
negative effects) of generation on recall. We explored this
possibility in the experiments reported below.

EXPERIMENT 1

As noted above, the original intent of this investigation
was to determine the roles of individual-item and rela
tional processing in the generation effect. We varied the
strength of the associative relation between words in a
pair (strong vs. weak) and type of memory test (cued vs.
free recall). According to the specific-enhancement
hypothesis, generation enhances the learning of the as
sociation between words in an associated pair, and thus
increases relational processing. This led us to predict
larger positive effects of generation with weakly related
pairs than with strongly related pairs. We predicted this
effect on both cued and free recall measures of memory.

Based on the individual-item hypothesis, we predicted
generation effects of equal magnitude with strongly and
weakly related pairs. However, the generation effect
should depend on the type of memory test. In cued recall,
second-term processing is very important, and thus the
individual-item hypothesis predicted a positive effect of
generation in cued recall. In the free recall of pairs, pair
integration (i.e., relational processing) is of primary im
portance, and thus the increased processing of the sec
ond terms alone should have little effect on the recall of
intact pairs. If generation enhances both relational and
individual-item processing, then the generation effect
should be found with both strong and weak pairs and on
both measures of memory. In summary, the relational
hypothesis predicted an interaction between task (read vs.
generate) and associative strength, but no interaction with
type of memory test. The individual-item hypothesis
predicted an interaction between task and type of memory
test, but no interaction with associative strength. The
"more of both" hypothesis predicted general positive ef
fects of generation independent of type of pair and type
of memory test.

In addition to addressing the issues discussed above,
in Experiment 1 we extended the study of the generation
effect by employing two levels of generation difficulty.
Gardiner, Smith, Richardson, Burrows, and Williams
(1985) reported that the positive effects of generation on
cued recall (in a within-list design) increased as the num
ber of letters omitted from the words to be generated in
creased. If these effects are the result of individual-item
processing, relational processing, or both, it should be
possible to demonstrate changes in the relevant type of
processing by means of changes in the difficulty of the
generation task.

Method
Subjects and Design

The participants were 222 undergraduate students enrolled in in
troductory psychology classes, who received extra credit in return
for their participation. These subjects participated in a 3 (encoding
difficulty: read vs. easy completion vs. hard completion) X 2 (type
of associative relationship: strong vs. weak) x 2 (type of recall:
free vs. cued) factorial. The associative relationship factor was
treated within subjects; all other manipulations were between sub
jects. The number of subjects contributing to each cell is reported
in Table I.

Materials
Fourteen strongly associated noun pairs and an equal number of

weak associates were selected from the Palermo and Jenkins (\964)
association norms. The mean associative ratings (combined across
male and female college students) were 548 and 3.14 for the strong
and weak pairs, respectively. Examples of the strong and weak pairs
are MAN-WOMAN and MOON-ROCKET, respectively. Note that
even with the weak pairs, generation of the second term should be
guided by the first term. Thus the specific-enhancement hypothe
sis predicted positive effects of generation for both the strong and
weak pairs. For the easy completion condition, an average of 1.3
letters was omitted from the response member, and an average of
2.6 letters was deleted in the hard completion task. An equal num-



ber of letters was removed in the strong and weak associate condi
tions to ensure a balance between pair-associative-strength values
and encoding difficulty. The pairs were randomly ordered for
presentation. Booklets were constructed with a cover sheet, a sec
ond page on which the word pairs were listed in a single column,
a third page containing addition problems, and a recall sheet.

Procedure
In the generationconditions, the subjects were told that they would

be asked to fill in the missing letters in word pairs. In the read con
ditions, they were asked to read intact pairs. In both conditions,
they were instructed to "concentrate on how the words in each pair
are conceptually related or associated with each other, ., and to try
to learn the word pairs. Prior to presentation, the cued recall test
was described to the subjects given cued recall. Similarly, the sub
jects who received free recall were told about the free recall test.
The subjects tested for free recall were asked to recall the word
pairs, but if they could only remember a single word, they were
asked to record that member alone. They were then given 3 min
to either read through and learn the noun pairs, or correctly com
plete the second member and learn the pairs. The subjects were
then instructed to tum to the next page of the test package and solve
addition problems for I min. After the brief distractor task, they
turned to the final page of the test package and were given 3 min
to complete the memory test.

Results

For the generation conditions, the probability of cor
rect recall of a pair was calculated for correctly completed
pairs only. The data from the cued and free recall tests
were subjected to separate analyses of variance. Within
each recall condition (cued vs. free), mean completion
accuracy and memory performance were evaluated by
separate ANOVAs. For all the statistical tests reported
below, the traditional p < .05 was adopted. All the results
are reported in terms of the probability of correct
responses. A summary of the results is presented in
Table 1.

Cued Recall
Completion. The mean proportion of completions

decreased as encoding difficulty moved from easy com
pletion (M = .99) to hard completion (M = .89), a trend
confirmed by a main effect for encoding difficulty
[F(1,68) = 87.15, MSe = .0046]. Strong associates were
more likely to be completed in both the easy and hard

Table I
Comparisons of Cued and Free Recall as a Function of

Encoding Difficulty and Associative Strength

Strong Weak
------

_______R_e_a_d._ Easy.. Hard_ Reall._Easy__Hard

Cued Recall

Completion 1.00 .966 .992 .808
Recall .989 .974 .976 .961 .899 .872
n* 39 36 34 39 36 34

Free Recall

Completion 1.00 .978 .996 .837
Pairs Recalled .547 .527 .447 .377 .367 .287
n* 38 40 35 38 40 35

*Strong versus weak associates was a within-subjects factor.
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tasks (M = .97) than were the weak associates [M = .81;
F(l,68) = 137.52, MSe = .0017]. The encoding
difficulty x associative strength interaction was also reli
able [F(l,68) = 122.53, MSe = .0017]. The effects of
encoding difficulty were larger with weak than with strong
associates.

Recall. The effect of encoding difficulty on recall was
reliable [F(2,106) = 3.75, MSe = .0138]. Cued recall in
the read group (M = .98) exceededcued recall in the easy
completion group (M = .94), which exceeded recall in
the hard completion group (M = .92). In addition, the
associative strength factor exerted a significant effect on
recall [F(l,106) = 30.95, MSe = .0085]. The mean
recall rate for the strongly associated noun pairs
(M = .98) exceeded the rates of recall for the weak as
sociates (M = .91). The encoding difficulty x associa
tive strength interaction was also significant [F(2, 106) =
3.20, MSe = .0085J. This interaction may be the result
of a ceiling effect in the cued recall of strongly related
pairs (see Table I). To test this hypothesis, the combined
cued recall performance was split at the median and the
analyses were repeated on the lower half of the subjects.
The same pattern of results was found, with a main ef
fect of associative strength [F(l,52) = 36.42,
MSe = .0127], a main effect of encoding difficulty
[F(l,52) = 5.57, MSe = .0163], and a significant inter
action between encoding difficulty and associative strength
[F(2,52) = 3.29, MSe = .0127]. Whereas this interac
tion was predicted by the relational hypothesis, the inter
action was of the wrong form to support the hypothesis.
The relational hypothesis predicted a larger positive ef
fect of generation with weakly related pairs. The results
demonstrated a larger negative effect of generation with
weakly than with strongly related pairs. Of course this
result is difficult to explain within the individual-item and
"more of both" frameworks, which predicted equal and
positive effects of generation with both strongly and
weakly related pairs.

Free Recall
Completion. For the easy completion group, comple

tion performance was nearly perfect (M = 1.(0), whereas
the hard completion task led to lower probabilities of com
pletion [M = .91; F(I,73) = 106.86, MSe = .0029].
Again, strong associates were more likely to be completed
(M = .98) than weak associates [M = .84;
F(l,73) = 70.23, MSe = .0028]. In addition, the
difficulty x associative strength interaction was signifi
cant [F(I, 73) = 62.93, MSe = .0028], once again in
dicating a larger effect of difficulty with weakly than with
strongly related pairs.

Recall of pairs. Encoding difficulty exerted a reliable
effect on the free recall of pairs [F(2,11O) = 8.28,
MSe = .02271. As in cued recall, the highest probabili
ties of recall were noted in the read group (M = .46),
followed by the easy completion group (M = .45) and
finally the hard completion group (M = .37). The main
effect of associative strength indicated that strong associ-
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ates (M = .51) were more likely to be recalled than weak
associates[M= .35;F(1,11O) = 109.78,MSe = .0137].
The difficulty x associative strength interaction did not
approach significance (F < 1.0, MSe = .0127).

Discussion
The most important findings in Experiment 1 were the

negative generation effects found in cued and free recall.
These negative effects of generation seriously challenged
the relational, the individual-item, and the "more of both"
hypotheses regarding the generation effect. The fact that
the negative generation effect increased with the difficulty
of the generation task provided additional legitimacy for
the effect. We pursued the negative generation effect in
the following experiments.

EXPERIMENT 2

One explanation of the results above is that, when com
pared to reading, generation increases individual-item
processing of the second term at the expense of process
ing the relation between words in a pair. Perhaps as the
generation task becomes more difficult, individual-item
processing increases at the expense of relational process
ing. This explanation is consistent with several previous
findings. As noted above, Slamecka and Graf (1978)
reported a positive effect of generation on second-term
recognition in a between-subjectsdesign. In addition, they
found that generation improved the recognition of the sec
ond word in the word pair but not recognition of the first
word.

In order to investigate this tradeoff between individual
and relational processing, we focused on the free recall
of word pairs. In this task, one can look at the effects of
generation on the recall of intact pairs, first terms alone,
and second terms alone. If the positive generation effect
is confined to the free recall of the second terms, then
the effect is probably due to the increased individual-item
processing of the second terms. To determine the effects
of generation on relational processing, a 2 x 2 contin
gency table was constructed for each subject, on which
we recorded the frequency of recalling both the first and
the second terms from a pair, the first but not the second
terms, the second but not the first terms, and neither term.
From this classification, a measure of association (phi)
was calculated to determine the effect of generation on
the dependence between first- and second-term recall. The
phi statistic is equivalent to the Pearson product-moment
coefficient for dichotomous data (recalled vs. not
recalled). If, as suggested by Experiment I, generation
has a negative effect on pair integration, this negative ef
fect should be evident in a lower mean phi for the gener
ation conditions than for the read conditions.

One criticism of Experiment 1 was that the subjects
were specifically asked to note the relation between the
first and second words in the word pairs. Subtle manipu
lations of instructions have been found to influence the

generation effect. However, it seems unreasonable to at
tribute the negative generation effect to our instructions
alone. Consider, for example, the instructions employed
by Rabinowitz and Craik (1986). "For intact word pairs,
subjects were instructed to study the two words and con
centrate on the meaningful relationship between the
words" (p. 233). These instructions are nearly identical
to the ones employed in Experiment 1, yet Rabinowitz
and Craik found a positive effect of generation in their
within-list design. Nonetheless, to address this potential
criticism we directly manipulated the instructions given
to the subjects in Experiment 2. As in Experiment 1, some
subjects were asked to associate the first and second words
in a related word pair. The performance of these subjects
was then compared to that of subjects asked to copy the
second word. These processing instructions were crossed
with two encoding tasks, read versus generate.

Method
Subjects and Design. In Experiment 2, 154 subjects participated

in a 2 X 2 between-subjects factorial combining encoding difficulty
(read vs. generate) and instructions (associate vs. copy). The num
ber of subjects contributing to each cell is reported in Table 2.

Materials. Twenty-eight word pairs were chosen from the
Palermo and Jenkins (1964) word association norms. The word pairs
were concrete nouns with moderate associative values. The mean
associative value was 33.0 for the male and female college students
combined. Some examplesof the word pairs are: BREAD-WATER,
CITY-COUNTRY, and DOCTOR-LAWYER. For the generation
condition, an average of2.21letters was omitted from the second
word. Word pairs were randomly ordered for presentation.

Procedure. The subjects were told that they would either have
to fill in the missing letters in the word pairs (generation condi
tion) or to read word pairs. In the associate conditions, they were
further instructed to "concentate on how the words in each pair
are conceptually related or associated with each other. " In the copy
conditions, the instructions were to "copy the second word of the
pair into the blank provided." The subjects in all conditions were
told that they were to try to learn the word pairs. Following 3 min
of acquisition, the subjects were instructed to tum to the next page
of the test package and solve addition problems for 1 min. After
the brief distractor task, they turned to the final page of the test
package and were given 3 min to complete the memory test. The
subjects were instructed to try to recall the word pairs. However,
the instructions stressed that "if you can remember only one word
from a pair, please record that word." These recall instructions
were given prior to presentation and then repeated immediatelyprior
to the memory test.

Results
Four dependent variables were calculated: the propor

tion of pairs correctly recalled, the proportion of first
terms recalled alone, the proportion of second terms
recalled alone, and phi. The probability of correct com
pletion was also scored for the subjects in the generation
condition. Pairs were scored as correctly recalled indepen
dently of the order in which the subjects recorded the first
and second terms. However, the terms had to be recalled
on adjacent blanks of the recall sheet to be scored as a
correct pair. In the generation condition, recall was only
scored on correctly completed pairs, and each of the mea-



sures was conditionalized on correct completion. Each of
these dependent measures is discussed below and a sum
mary of the results is presented in Table 2.

Completion. The associate instructions led to a greater
probability of completion (M = .98) than did the copy
instructions[M = .95;F(l,73) = 7.13,MSe = .0031].

Pairs recalled. The probability of pair recall was
greater with associate instructions (M = AI) than with
copy instructions [M = .34; F(l,150) = 12.52]. In ad
dition, the read task led to greater pair recall (M = 040)
thandidthegenerationtask[M = .35;F(l,150) = 7.6IJ.
The effect of instructions did not interact with task
[F(l ,150) = 3.09]. The MSe for all tests of pair recall
was .0146. These results support the hypothesis that the
instructions to associate versus to copy the word pairs sig
nificantly influenced the encoding processes. However,
they do not support the hypothesis that the specific in
structions employed in Experiment I were responsible for
the negative effects of generation. Negative effects of
generation were obtained with both the associate and the
copy instructions.

First-term recall. The probability of recalling first
terms in isolation was not reliably affected by type of in
structions [F(l, 150) = AI]. Whereas the generation task
led to greater first-term recall (M = .017) than did the
read task [M = .009; F(l,150) = 4.30], the magnitude
of this effect was quite small. The interaction between
instructions and task did not approach significance (F <
1.0). The MSe for all tests of first-term recall was .0005.

Second-term recall. There was a significant effect of
instructions on the probability of recalling second terms
in isolation [F(l, 150) = 6.28]. The copy instructions led
to greater second-term recall (M = .029) than did the as
sociate instructions (M = .014). There was also a sig
nificant effect of task [F(l, 150) = 12.88]. The genera
tion task led to greater recall (M = .033) than did the read
task (M = .011). The interaction between instructions and
task did not approach significance (F < 1.0). The MSe

for all tests involving second terms was .0014.
Phi. The measure of dependence between first- and

second-term recall revealed main effects of instructions
[F(l,150) = 14.29] and task [F(l,150) = 9.93]. The as
sociate instructions (M = .62) led to greater pair depen
dency in recall than did the copy instructions (M = .54).
Reading led to greater pair dependency (M = .61) than
did generation (M = .55). The interaction between in-

Table 2
Summary of Results from Experiment 2 as a
Function of Task and Processing Instructions

Associate Copy

Read Generate Read Generate

Pairs recalled .453 .365 .349 .330
First terms .011 .018 .008 .016
Second terms .005 .024 .017 .041
Phi .659 .572 .560 .522
n 40 38 39 37

--------------- -----~,.
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structions and task was not significant [F(l, 150) = 1.58).
The MSe for these tests was .0151.

Discussion
The results of Experiment 2 led to three major conclu

sions. First, Experiment 2 replicated the negative gener
ation effect found in the free recall of word pairs reported
in Experiment I. The negative generation effect was found
with high and low associates in Experiment I, and in Ex
periment 2 with medium associates and two different types
of instructions (associate vs. copy). Second, the negative
effects found in pair recall may be partially attributed to
a disruption in pair integration as measured by phi. Thus,
generation has a negative effect on within-pair relational
processing in a between-list design. Third, positive ef
fects of generation were found on the recall of second
terms alone, suggesting that generation had a positive ef
fect on individual-item processing of the second term. This
result is important because it was obtained in a between
list design revealing overall negative effects of genera
tion. These conclusions were further evaluated in Ex
periment 3.

EXPERIMENT 3

One source of the negative generation effect appears
to be a decrease in the processing of the association be
tween members of a word pair. However, generation may
also lead to a decrease in the processing between pairs
in a list. This between-pair relational processing should
be important for free recall, and it may be partially respon
sible for the negative effects of generation observed above.
This hypothesis was evaluated in Experiment 3. A catego
rized word list was employed so that measures of organi
zation in recall could be made. We predicted that gener
ation would lead to lower levels of organization in recall
than would reading the material.

A second purpose of Experiment 3 was to extend the
findings of the above experiments to a single-pair mode
of presentation. In the first two experiments, the word
lists were simultaneously presented. The subjects in the
read conditions may have scanned up and down the list
while studying the material. In the generation condition,
there may have been less time for such up and down
processing, because the subjects were occupied with
generating the to-be-remembered items. Thus it was pos
sible that the negative generation effect obtained in the
earlier experiments might not be obtained with single-pair
presentation. In Experiment 3, mode of presentation,
single-pair versus simultaneous, was combined factori
ally with the encoding difficulty manipulation employed
in Experiment I.

Method
Subjects and Design. A total of 235 subjects served in 6 differ

ent experimental conditions. Three levels of difficulty of encoding
(read, easy completion, and hard completion) were combined with
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two modes of presentation (simultaneous vs. single-pair) in a
between-subjects design. The number of subjects contributing to
each cell is reported in Table 3.

Materials. Seven categories were selected from the Battig and
Montague (1969) category norms. The categories were: BODY
PARTS, FRUIT, SPICES, EARTH FORMATIONS, KITCHEN
UTENSILS, ARTICLES OF CLOTHING, and VEGETABLES.
Eight items were selected from each category. After excluding the
four most frequent category exemplars, the next eight exemplars
were selected on the basis of two criteria: (I) they were unambig
uous members of the category, and (2) they could easily be assigned
to pairs. For example, the following pairs were selected from the
category BODY PARTS: HANDS-FEET, KNEES-ELBOWS,
WRIST-ANKLE, and TOES-FINGERS. One item in each pair was
randomly assigned the first position in the pair, while the second
member served as the second item in each pair. Three different ver
sions of the pairs were then constructed: read, easy completion,
and hard completion. In the easy completion condition, an average
of 1.21 letters was replaced with underlined spaces. In the hard
completion condition, 2.32 letters on the average were replaced with
spaces.

The 28 pairs constructed for each condition were randomly or
dered for presentation. The same random order was used for all
conditions and subjects. Two types of booklets were constructed.
For the simultaneous condition, the 28 pairs were listed in a single
column on one page in a booklet. For single-pair presentation, book
lets were constructed with one pair on each page of the booklet.
All the booklets contained a cover sheet on the front, and an arith
metic sheet followed by a recall sheet at the back.

Procedure. With one exception, the procedure for this experi
ment was identical to the procedure used in Experiment 2. In the
single-pair presentation condition, the subjects were told to turn
pages in their booklets to read or generate the word pairs. The in
structions stressed that subjects were to proceed through their book
lets in a front-to-back fashion, and that they were not to look back
at a page once they went on to the next page. Two subjects failed
to follow these instructions; I subject in the easy completion task
and 5 subjects in the hard completion tasks did not finish the task
in the allotted time. The data from these subjects were excluded
from all analyses. As in Experiment 2, the recall instructions en
couraged the subjects to report partially recalled pairs.

Results
The four dependent measures employed in Experi

ment 2 were again calculated. The phi measure of depen
dence between first- and second-term recall provided an
index of within-pair relational processing. In order to in
vestigate the effects of generation on between-pair rela
tional processing, two measures of organization in recall
were calculated: the number of categories recalled and
the ratio of repetition (Bousfield, 1953). Hunt and Seta
(1984) have argued that increases in relational process
ing are associated with increases in category recall and
the ratio-of-repetition measure of clustering. Because we
were interested in recall of word pairs as a result of
between-pair processing, recall of partial pairs was ig
nored in these calculations. Thus the ratio of repetition
was the number of category repetitions (recall of pairs
from the same category on adjacent lines), divided by the
number of pairs recalled minus one. Partial pairs were
not counted as repetitions, but they were counted as in
terruptions if the recalled part was from a different
category than the preceding pair was. A summary of

the results for these six dependent measures is reported
in Table 3. Separate ANOVAs were calculated for each
measure.

Completion. Successfulcompletion was greater for the
easy completion task (M = .99), than for the hard com
pletion task [M = .97; F(1,142) = 9.91]. Successful
completion was also greater in the simultaneous mode of
presentation (M = .99) than in the single-pair mode
[M = .97; F(1,142) = 6.94, MSe = .0025 for both
tests]. No other reliable effects were found in the com
pletion data.

Pairs recalled. The recall of intact pairs declined as
encoding difficulty increased [F(2,221) = 7.43]. For
read, easy completion, and hard completion, the mean
recall levels were .472, .425, and .395, respectively.
Recall was greater following simultaneous presentation
(M = .482) than following single-pair presentation
[M = .382; F(1,221) = 35.99]. The interaction between
mode of presentation and difficulty was not reliable
[F(2,221) = 2.08]. The MSe for all tests was .0159.
These results replicated the findings of the previous ex
periments, in that pair recall declined as encoding
difficulty increased. The results extended these findings
to single-pair presentation and to the recall of categorized
word lists.

First-term recall. An analysis of first-term recall in
dicated little effect of difficulty with mean recall proba
bilities of .030, .029, and .038 for the read, easy com
pletion, and hard completion groups, respectively
[F(2,221) = .76]. There was no effect of mode of presen
tation, and mode of presentation did not interact with
difficulty (Fs < 1.0). The MSe for all tests was .0018.

Second-term recall. For second-term recall, there was
a main effect of mode of presentation [F(1,221) = 8.96].
Single-pair presentation led to greater recall (M = .067)
than did simultaneouspresentation (M = .049). More im
portantly, an effect of difficulty was observed
[F(2,221) = 31.41]. The probability of recalling second
terms alone increased as difficulty increased, with means
equal to .023, .068, and .085 for the read, easy comple
tion, and hard completion groups, respectively. The in
teraction between mode of presentation and encoding
difficulty was reliable [F(2,221) = 9.76]. The MSe for

Table 3
Summary of Results from Experiment 3 as a Function of Mode

of Presentation and Difficulty

Simultaneous Single-Item

Measure Read Easy Hard Read Easy Hard

Completion .997 .980 .984 .949
Recall

Pairs .504 .498 .439 .439 .353 .346
First .029 .027 .038 .032 .033 .037
Second .033 .054 .061 .013 .083 .112

Phi .654 .625 .577 .629 .495 .464
Categories .913 .861 .814 .850 .755 .727
Ratio of repetition .255 .289 .197 .273 .206 .232
n 41 38 36 40 39 33



all tests was .0026. By inspecting Table 3, one can see
that the positive generation effect was greater in the single
pair presentation condition than in the simultaneous mode
of presentation.

Categories recalled. The probability of correctly recall
ing categories was reliably affected by mode of presenta
tion [F(l,221) = 19.03] and by encoding difficulty
[F(l,221) = 11.28]. Simultaneous presentation
(M = .86) led to greater category recall than single-pair
presentation (M = .78). Category recall declined as en
coding difficulty increased (Ms = .88, .81, and .77 for
the read, easy completions, and hard conditions, respec
tively). The interaction between mode of presentation and
difficulty was not reliable (F < 1.0). The MSe for all tests
was .0215.

Ratio of repetition. The ratio of repetition declined as
encoding difficulty increased, with means equal to .26,
.25, and .21 for the read, easy encoding, and hard en
coding conditions, respectively. However, this effect of
encoding difficulty only approached significance
[F(2,221) = 2.46, P = .088]. The interaction between
mode of presentation and encoding difficulty was reliable
[F(2,221) = 4.41]. The effect of mode of presentation
was minimal [F(2,22 I) = .28). In order to evaluate fur
ther the effects of generation on clustering, comparisons
were made between the performance of the easy and hard
generation conditions combined and the read condition
(Winer, 1971, p. 215). Because there was an interaction
between encoding difficulty and mode of presentation,
these comparisons were made separately for each mode
of presentation. For the simultaneous mode, the compar
ison was not reliable [F(1, 112) = .19]. However, for the
single-pair mode of presentation, reading led to greater
clustering (M = .273) than did the two generation groups
combined[M = .219;F(1,I09) = 3.94]. TheMSeforail
tests was .0186.

Phi. The measure of dependency between first- and
second-term recall indicated a main effect of mode of
presentation [F(l,221) = 25.30]. Simultaneous presen
tation led to greater dependency in recall (M = .62) than
did single-item presentation (M = .53). In addition, there
was a main effect of encoding difficulty
[F(2,221) = 16.34], with means equal to .64, .56, and
.52 for the read, easy completion, and hard completion
groups, respectively. The interaction between mode of
presentation and encoding difficulty was also significant
[F(2,221) = 3.45]. This interaction was the result of a
larger effect of encoding difficulty in the single-item mode
of presentation than in the simultaneous mode (see Ta
ble 3). The MSe for these tests was .0178.

Discussion
Several important conclusions can be made on the ba

sis of Experiment 3. First, the effects observed in Experi
ments I and 2 cannot be attributed to the mode of presen
tation. In fact, several of the findings reported above were
larger in the single-item mode than in the simultaneous
mode. Most notably, the negative effects of generation
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on the ratio of repetition and the phi measure of associa
tion were larger in the single-item mode of presentation
than in the simultaneous mode. Also, the positive effect
of generation on second-term recall was larger in the
single-item mode than in the simultaneous mode. Indepen
dent of mode of presentation, pair recall and category
recall declined as encoding difficulty increased.

The second major result of Experiment 3 comprised the
effects of generation on organization of pair recall.
Category recall and the ratio of repetition declined as en
coding difficulty increased. Thus, increases in the encod
ing difficulty of the second word in a word pair led to
decreases in processing across pairs. The ratio-of
repetition data were disappointing in that they did not more
strongly support the category-recall results. The sensitivity
of the measures of organization may have been impaired
due to the fact that some subjects recalled partial pairs
mixed in with the intact pairs. This is an unavoidable
problem when scoring free recall of pairs.

The third major result was the replication of the nega
tive effects of generation on within-pair processing. As
in Experiment 2, the dependence between first- and
second-term recall as measured by phi was negatively af
fected by generation. In addition, these results confirmed
the tradeoff between the individual-item processing of the
second term and both within- and between-pair relational
processing. Increases in the difficulty of the generation
task led to an increase in individual-item processing of
the second term. This increase in individual-item process
ing occurred at the expense of relational processing.

The effects of mode of presentation complemented the
effects of encoding difficulty in that both single-item
presentation and generation led to greater second-term
recall than did simultaneous presentation and reading,
respectively. Apparently, generation and single-item
presentation encouraged processing of the second terms
alone. In contrast, pair recall, category recall, and phi
were lower in the single-item and generation conditions
than in the simultaneous and read conditions, respectively.
These results lend further support to the hypothesized
tradeoff between the processing of the second term and
relational processing both within and between pairs.

EXPERIMENT 4

In each of the above experiments, word presentation
was subject-paced. The subjects in the read groups might
have spent more time studying each word than the sub
jects generating the items, leading to better memory in
the read groups. In addition, as noted above, several sub
jects had to be dropped from Experiment 3 because they
did not finish the generation task in the allotted time. Thus,
the negative generation effects observed above might only
have been obtained because of subject-paced presentation.
This interpretation of the results seemed unlikely,
however, because Siamecka and Graf (1978) had re
ported identical positive effects of generation with
experimenter- and self-paced presentations. In Experi-
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ment 4, a single-item, experimenter-paced presentation
was used to demonstrate that the negative generation ef
fect occurs independently of mode of presentation.

In Experiment 4, we also addressed a second issue. In
each of the experiments reported above, the subjects were
instructed to study and recall word pairs. The subjects
might have first attempted to recall the first member of
each pair, and then used the recalled term as a cue to recall
the second member. Generation might have a negative ef
fect on first-term recall (contrary to the results of Experi
ments 2 and 3), leading to reduced pair recall. This recall
strategy provided at best a partial explanation of the results
of the first three experiments. However, it was still im
portant to determine whether the negative generation ef
fect was dependent on the instructions to recall pairs. In
Experiment 4, two instructional groups were crossed with
a read and a generation group. In the pairs conditions,
the subjects were instructed as in Experiments 1, 2, and
3, and thus were asked to study and recall pairs of words.
In the all items conditions, the subjects were told to try
to learn and recall all the words in their booklets without
regard to how they were paired.

Method
Subjects and Design. A total of 63 subjects served in 4 differ

ent experimental conditions. Two levels of difficulty of encoding
(read and hard completion) were combined with two instructional
groups (pairs vs, all items) in a between-subjectsdesign. The number
of subjects in each cell is reported in Table 4.

Materials. The word lists employed in Experiment 3 were again
used. Booklets were constructed, with one word pair on each page.
The second term in each word pair was either presented intact (read
condition) or with several letters missing (generation condition).
Words to be generated were presented in the form that they had
in the hard generation condition of Experiment 3.

Procedure. With the following exceptions, the procedure closely
followed the procedures of Experiments I, 2, and 3. Prerecorded
tones sounded every 5 sec to pace the subjects through their book
lets. Subjects in the pairs conditions were told to try to recall the
word pairs, and if they could not remember one of the words from
a word pair, to record the individual word they did remember. These
instructions were the same as the instructions used in Experiments
2 and 3. In the all items conditions, the subjects were asked to recall
all the words in the booklet freely, and they were told, "It does
not matter if you can only remember one word from a pair, or the
position of the words in pairs, rather, just try to recall all the words. ' ,
These recall instructions were given prior to presentation as well
as prior to the recall test.

Results
The instructional manipulation had a major impact on

the recall protocols. To assess this impact, we calculated
the number of subjects who recorded both members of
every recalled pair together on the same line when they
recalled word pairs. Under the pairs instructions, 26 sub
jects (81 %) recorded pairs together. With the all items
instructions, only 6 subjects (19%) recorded the pairs
together. These differences provided strong evidence that
the instructional manipulation was successful. However,
given these vast differences in recall protocols, compara
ble measures of category organization in recall could not

be calculated for both instructional groups. For this rea
son, the number of categories recalled and the ratio-of
repetition measure reported in Experiment 3 were not ana
lyzed in Experiment 4. We did calculate the proportion
of intact pairs recalled, first terms recalled only, second
terms recalled only, and the phi measure of dependence
in pair recall. Eash of these measures is discussed below.
A summary of the results is presented in Table 4.

Completion. The mean completion rate was .97. The
recall instructions did not reliably influence completion
[F(1,29) == .67, MSe == .0008].

Pairs recalled. Given the above-noted differences in
the recall protocols, the subjects were given credit for
recalling a pair as long as both members of the pair ap
peared on the recall sheet. Surprisingly, there was no ef
fect of instructions on the proportion of pairs recalled
[F(1,59) == .78]. There was an effect of encoding task
[F(1,59) == 33.30]. The read task led to greater recall
(M == .40) than did the generation task (M == .31). The
instruction x task interaction was not significant
[F(1,59) = .70]. The MSe for these tests was .0117.

First-term recall. There was no effect of instructions
[F(1,59) = 2.09] or task [F(l,59) == .13] on the propor
tion of first terms recalled alone. The instruction x task
interaction was also nonsignificant [F(l,59) = .43J. The
MSe for these tests was .0014.

Second-term recall. A greater proportion of second
terms was recalled alone with the all items instructions
(M = .11) than with the pair instructions [M = .07;
F(l,59) = 4.69J. In addition, second-term recall was
greater with the generation task (M = .15) than with the
read task [M = .03; F(l,59) = 49.10J. The interaction
between instruction and task was not significant
[F(1,59) = .34J. The MSe for these tests was .0045.

Phi. The only significant effect on phi was the nega
tive generation effect [F(l,59) = 52.10], in which read
ing led to greater dependence between first- and second
term recall (M = .58) than generation did (M = .35).
The effects of instructions [F(l ,59) = 2.19] and the task
x instructions interaction [F(l,59) = .16J were not reli
able. The MSe for these tests was .0168.

Discussion
The results of Experiment 4 once again demonstrated

the negative effects of generation on pair recall and on
pair integration. The major purpose of this experiment
was to rule out several uninteresting interpretations of the

Table 4
Summary of Results from Experiment 4 as a

Function of Task and Recall Instructions

Pairs All Items

Read Generate Read Generate

Pairs recalled .420 .239 .373 .238
First terms .025 .034 .045 .042
Second terms .020 .129 .047 .175
Phi .612 .363 .551 .328
n 16 16 16 15



negative generation effect. One interpretation was that the
negative generation effect was the result of special study
strategies adopted in a self-paced mode of presentation.
The negative generation effects obtained with experi
menter-paced presentation ruled out this interpretation.
If one is willing to hazard between-experiment compari
sons, one can compare the magnitude of the positive and
negative generation effects (read vs. hard generation) in
the single-item mode of presentation in Experiment 3 to
the magnitude of these effects in Experiment 4. The nega
tive generation effect on pair recall appeared more robust
in Experiment 4 (M = .16) than in Experiment 3
(M = .09). Similarly, the negative generation effect on
phi was greater in Experiment 4 (M = .24) than in Ex
periment 3 (M = .17). In contrast, the positive effects
of generation on second-term recall were comparable in
Experiments 4 (M = .12) and 3 (M = .10).

A second uninteresting interpretation of the negative
generation effect is that it was the result of the subjects'
trying to recall intact word pairs. Instructions directing
the subjects not to worry about pairing the items in recall
successfully produced disorganized recall protocols. The
instructions to recall all items also increased the number
of second terms recalled alone. However, the instructions
had no impact on the magnitude of either the positive or
negative generation effects observed.

EXPERIMENT 5

In Experiments 1-4, positive effects of generation were
found on the recall of the second terms. Our interpreta
tion of this result was that generation led to greater
individual-item processing of the second member of the
word pairs than did reading. A direct implication of this
hypothesis is that recognition of second terms should be
greater following generation than following reading. This
prediction has received support in previous studies (e.g.,
Siamecka & Graf, 1978). The purpose of Experiment 5
was to replicate the positive effects of generation on
second-term recognition with the materials and procedures
used in the first four experiments.

Method
~ubjects and Design. Seventy-eight subjects from the same popu

lation as was drawn from in Experiments 1-4 served in this ex
periment. Two conditions were tested in a between-subjects design:
a read condition (N = 40) and a generate condition (N = 38).

Materials. The materials used in Experiment 2 were again em
ployed. The word frequencies of the second terms were determined
using the Thorndike and Lorge (1944) word count. For each sec
ond term, three unrelated words matched in frequency were selected
from Thorndike and Lorge. These words served as distractors on
a four-alternative forced-choice recognition test. The first terms from
the word pairs were not provided on the test form. The word pairs
were randomly ordered for presentation and the sets of test items
were randomly ordered on a single page for the recognition test.

Procedure. The procedure was nearly identical to the procedure
for the associate, simultaneous, self-paced groups in the above ex
periments. That is, the subjects were asked to associate the words
in each pair. They were told that they would be asked to recall the
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word pairs, equating test expectancy across experiments. The proce
dure for Experiment 5 was different from that of Experiments 1-4,
in that just prior to the memory test, the subjects were informed
about the nature of the recognition test. The instructions stressed
that the subjects were to circle one item on each line, even if they
did not know the correct answer.

Results and Discussion
The probability of correct completion for the genera

tion group was .97 items. The generation task led to a
higher probability of correct recognition (M = .988) than
did reading [M = .934; F(I,76) = 15.92]. This result
replicates previous research, demonstrating a positive ef
fect of generation on recognition in a between-list design
with our materials and procedure.

GENERAL DISCUSSION

The mnemonic consequences of reading, performing
an easy generation task, and performing a hard genera
tion task were evaluated in between-list designs in five
experiments. In between-list designs, the effects of gener
ation cannot be attributed to differences in attention or
priority given to the generated items at the expense of read
items. Reading the material led to greater free recall of
word pairs, greater cued recall of the second word from
weak associates, greater pair integration, and greater or
ganization in recall, when compared with generating the
second word in the pair. As the generation task became
more difficult, pair recall, cued recall, pair integration,
and organization in recall declined. The negative genera
tion effect was found with strong, moderate, and weak
associates; with a categorized word list; with instructions
to copy the items, to associate the items, and to recall items
without regard to pairings; and with three modes of
presentation (self-paced stimultaneous, self-paced single
item, and experimenter-paced single-item). Generating the
second member of a word pair had a positive effect on
the recognition of that member, and positive effects on
the probability of recalling the second member alone.

One interpretation of the results reported above is that,
in between-list designs, generation inhibits both within
and between-pair relational processing. In contrast, gener
ation leads to greater individual-item processing of the
second word when compared with reading. Increases in
the difficulty of the generation task lead to increases in
individual-item processing at the expense of relational
processing. This interpretation is more than just a restate
ment of the results, in that relational and individual-item
processing were operationalized in a number of different
ways. Relational and individual-item processing were
manipulated with instructions (associate vs. copy) and with
mode of presentation. The ratio-of-repetition measure of
organization and phi provided different measures of rela
tional processing. Finally, second-term recall and recog
nition provided measures of individual-item processing.

A potential criticism of the research reported above is
that it has little to do with the typical generation effect
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since pure comparisons between read and generate con
ditions were not made. In each experiment, the subjects
were asked to associate the words in the word pairs. In
response to this criticism, we would like to mention three
things. First, in Experiment 2 we specificaly manipulated
instructions. The negative effects of generation we ob
served were found with both associate and copy instruc
tions. Second, as noted above, instructions similar to our
"associate" instructions were employed by Rabinowitz
and Craik (1986, Experiment 3). Third, with few excep
tions, the subjects in generation experiments have always
been asked to perform some task in addition to reading
and generating the items. Gardiner et al. (1985), Graf
(1982), Jacoby (1978), Payne, Neely, and Bums (1986),
Slamecka and Fevreiski (1983), and Slamecka and Graf
(1978) asked subjects to read aloud the second word.
Donaldson and Bass (1980), Nairne, Pusen, and Widner
(1985), and Nairne and Widner (1987) asked subjects in
the read condition to copy the second word. In contrast,
Glisky and Rabinowitz (1985) and McDaniel (1984) had
subjects read the material to themselves. Nonetheless, in
each of these experiments, positive generation effects were
reported. Thus, it was not our instructions that led to the
negative generation effect, but the experimental design
and the type of memory test employed.

Why has no one else reported negative effects of gener
ation? There are a number of possibilities. First, most
researchers have employed within-list designs in which
generated items may receive attention at the expense of
read items. Thus the research presented above adds fur
ther weight to Poulton's (1982) criticism that cognitive
psychologists rely too heavily on these within-subjects de
signs. Second, the negative effects reported above were
rather small, ranging from 2% to 18%. In comparison,
the positive effects of generation obtained in within-list
designs are relatively large and easily detected. When
researchers have employed between-list designs, ns ap
propriate for within-list comparisons have been used, and
consequently no effects of generation have been detected.
In contrast, because we had difficulty finding a positive
generation effect, in each of our experiments we employed
relatively large ns with as many as 40 subjects per cell.
Third, the negative effects of generation on relational
processing occurred conjointly with positive effects on
individual-item processing. The net generation effect may
depend on the extent to which relational and individual
item processing contribute to performance on a given type
of memory test (McDaniel et aI., 1986). The free recall
of word pairs we employed as a memory test may be par
ticularly sensitive to relational processing, and thus sen
sitive to the negative effects of generation. Fourth, two
very recent studies have reported negative generation ef
fects. In between-list comparisons, Begg and Snider
(1987) found negative generation effects in cued recall
with unrelated pairs. However, the subjects were first re
quired to make a recognition judgment of the cue prior
to attempting to recall the second item in the pair. With
a more traditional recall test, Hirshman and Bjork (1988,

Experiments 1 and 2) also reported negative generation
effects. However, their effects were not significant (they
employed 20 subjects per cell).

Hirshman and Bjork (1988) evaluated the effects of
generation on individual-item and relational processing.
As in the experiments reported above, Hirshman and
Bjork employed between-list designs. Unlike the results
of our experiments, larger positive effects of generation
were found in cued recall than free recall. A number of
factors distinguish our experiments from those reported
by Hirshman and Bjork. First, Hirshman and Bjork fo
cused on within-pair processing, and thus their experi
ments may not have been sensitive to the negative effects
of generation on between-pair relational processing
reported above. Second, in their free recall task, the sub
jects were asked to recall only the second terms from the
word pairs. As noted above, we also found positive ef
fects of generation on second-term recall. In addition, as
noted above, Hirshman and Bjork did find some evidence
for negative effects of generation on free recall. Consider
ing these factors, we do not find our results inconsistent
with those reported by Hirshman and Bjork.

The small negative generation effects we reported may
strike some as uninteresting. However, the direction of
the effects is of more interest than their magnitude. Given
that generation may actually hurt memory performance,
great caution must be observed before the generation ef
fect is employed in real-world settings. Also, the nega
tive generation effect may challenge the view that in
creases in encoding difficulty are associated with
improved memory performance (Tyler et al., 1979). Thus
the negative generation effect is of both practical and the
oretical importance.
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