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Several recent studies have indicated that retrieval, unlike encoding, is only minimally

affected by dividing attention, but is associated with significant secondary task costs.

The reported experiment further investigated the effects of divided attention at

encoding and retrieval on recall by manipulating the number of presentations of

word pairs and using a cued-recall paradigm and a multimeasure approach. This

allowed the assessment of accuracy and latency of retrievals of once- and thrice-

presented items, as well as of overall attentional costs and the temporal distribution of

attentional costs incurred by these retrievals. The results obtained show that providing

episodic enhancement to the cue�target relationships, by presenting word pairs three

times during the study phase, increases both the probability of retrieval success and the

speed of the retrieval. In addition, repetition leads to retrieval which requires less

attentional resources. In particular, repeated items require fewer attentional resources

during the cue-elaboration/search component. This effect seems to be mediated by a

change in the nature of retrievals of the thrice-presented pairs, which seem to mostly

bypass the search process, making it faster and less dependent on attentional resources.

Several lines of research on human memory suggest that the processes of

encoding and retrieval are similar and that this similarity constitutes one of
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the prerequisites for successful remembering. These lines of research include

the encoding specificity principle (Tulving, 1983), the transfer-appropriate
processing view (Morris, Bransford, & Franks, 1977), and the proceduralist

view of mind (Kolers, 1973). All carry the notion of a necessary overlap

between encoding and retrieval processes. In contrast, recent research using

the divided attention (DA) paradigm has shown marked differences between

encoding and retrieval processes. When participants’ attention is divided

between encoding and a secondary task, memory performance is poor

compared to conditions when they pay full attention to encoding the items

(e.g., Baddeley, Lewis, Eldridge, & Thomson, 1984; Craik, Govoni, Naveh-
Benjamin, & Anderson, 1996; Naveh-Benjamin, Craik, Guez, & Dori, 1998;

Naveh-Benjamin, Craik, Gavrilescu, & Anderson, 2000; Naveh-Benjamin &

Guez, 2000). Furthermore, manipulating emphasis by instructing partici-

pants to stress the memory task, the secondary task, or both tasks equally,

has complementary effects on the two tasks: as attention is switched to the

secondary task and away from the memory task, memory performance

declines, and secondary task performance improves. These results indicate

that encoding processes require attention and that the allocation of attention
to encoding processes is under the participant’s conscious control.

The reported effects of divided attention on retrieval processes differ from

the effects of divided attention at encoding. Participants in Baddeley et al.

(1984), Craik et al. (1996), Naveh-Benjamin et al. (1998), Naveh-Benjamin,

Craik, Perretta, and Tonev (2000), and Naveh-Benjamin and Guez (2000)

showed only small decreases in free recall, cued recall, and recognition

performance when attention was divided at retrieval. This relative immunity

of memory to divided attention at retrieval has been shown by Craik et al.
(1996), Naveh-Benjamin and Guez (2000), and Naveh-Benjamin, Craik,

Perretta, and Tonev (2000) to be accompanied by substantial secondary task

reaction time costs, which decreased from free recall to cued recall to

recognition tasks (see also Griffith, 1976; Johnston, Greenberg, Fisher, &

Martin, 1970; Johnston, Griffith, & Wagstaff, 1972). Interestingly, instruct-

ing the participants to emphasise either the memory task, the reaction time

task, or neither had no effect under divided attention at retrieval, even

though secondary task reaction time performance was equally affected by
these instructions during encoding and retrieval. Craik et al. and Naveh-

Benjamin et al. therefore suggested that retrieval processes are in some sense

obligatory, or protected, but that their execution requires substantial

resources, as shown by the large secondary task costs. In contrast to earlier

research, these studies provide strong evidence for an asymmetry between

encoding and retrieval processes.

A major purpose of the current study is to further assess the large

attentional (secondary task) costs associated with retrieval. In a recent study,
we employed a cued-recall task that allowed the division of attentional
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resources required at retrieval into three retrieval phases or subcomponents

(Naveh-Benjamin & Guez, 2000). The three phases were cue encoding, cue-
elaboration/search processes for a specific word, and the operation of a

retrieval mode. This was achieved by dividing each retrieval interval into

three phases (partially based on Tulving’s, 1983, taxonomy of retrieval

subprocesses) and evaluating the gradient of attention required with each.

Participants’ performance on the secondary tracking tasks gave us the

precise microlevel measurement of resources devoted to encoding and

retrieval every 20 ms.

The results of both experiments reported by Naveh-Benjamin and Guez
(2000) indicate that retrieval, at least during a cued-recall task, does not

require uniform attentional resources. The first phase of cue-encoding

requires some resources, much like the requirement for resources by stimuli

detection at encoding. The second phase, involving cue-elaboration/search

processes, requires substantial resources for its execution. In addition, it

seems that being in a retrieval state of mind, which operates in the

background (retrieval mode), also requires attentional resources, although

not as many as those required by cue-elaboration/search.
The overall purpose of the current study was to further assess the

attentional (secondary task) costs associated with retrieval. First, we wanted

to replicate and consolidate the above results reported by Naveh-Benjamin

and Guez (2000), since these are the only studies to report about attentional

costs associated with specific subprocesses at retrieval. Second, we wanted to

extend the Naveh-Benjamin and Guez results. In particular, the manipula-

tion of word frequency used by Naveh-Benjamin and Guez was one related

to semantic memory, as it reflected the linguistic knowledge that the
participants brought with them to the experiment. An interesting question

that arose from that study was whether and how strengthening the encoded

trace by enhancing episodic information (using a repetition manipulation)

would affect the retrieval of information.

We attempted to answer this question in the present study by manipulat-

ing the number of repetitions: Some word pairs appeared once, whereas

others were presented three times. The literature is clear about the effects of

repetition on memory accuracy: Repetition increases the probability of
successful retrieval (e.g., Melton, 1970). There is also evidence that repetition

during encoding shortens retrieval latency (e.g., Homa & Fish, 1975).

Furthermore, there are studies that have examined the amount of attentional

resources required for the encoding of repetitions. For example, Johnston

and Uhl (1976) showed that the amount of attentional resources associated

with the encoding of repeated spaced items is about the same with each

repetition. However, almost no studies have attempted to investigate

differences in attentional resources required at retrieval for repeated versus
nonrepeated items. In this context, one question is whether repeating pairs of
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items will change the attentional cost associated with the retrieval of these

pairs. The literature predicts an increase in success of retrieval, but hardly
any studies indicate whether the ease with which the information is

retrieved*the amount of attentional resources associated with such

access*is affected by the item being repeatedly encoded during study.

One study that examined the effect of repetition on the retrieval of the

repeated stimuli (Carrier & Pashler, 1995) showed that RT to a concurrent

choice reaction time task decreased for stimuli presented five times during

encoding relative to those stimuli that were presented only once. However,

the study by Carrier and Pashler used the psychological refractory period
(PRP) paradigm, which is somewhat different than the standard paradigms

used to assess the effects of divided attention in the memory literature. For

instance, the Carrier and Pashler study lacks the use of a full attention

condition for the memory task, and their two tasks were presented and

executed in a predetermined order. In addition, Carrier and Pashler’s study

assessed recognition memory of single words rather than associative memory

of word pairs, as we have done in our current research. The study by Carrier

and Pashler is further evaluated in the Discussion section.
A reasonable prediction is that repeated pairs of items will require fewer

attentional resources for their retrieval (see results by Carrier & Pashler,

1995). Furthermore, an interesting question is how such a decrease in overall

attentional resources for the repeated items would affect the specific

components of retrieval. For example, would the cue-encoding, cue-

elaboration/search, or retrieval mode for repeated pairs be less demanding

than the same one for once-presented pairs?

More specifically, several issues were investigated with the purpose of
extending the results reported by Naveh-Benjamin and Guez (2000)

regarding the identifications of different types of retrievals. First, we wanted

to validate the different patterns of attentional costs associated with

successful and unsuccessful retrievals. Naveh-Benjamin and Guez showed

that while both types of retrievals require the same amount of attentional

resources for the execution of the cue-encoding and the cue-elaboration/

search phases, the pattern of their attentional cost subsequently diverges:

While successful retrievals (where the retrieval response terminates the cue-
elaboration/search phase) are associated with fewer attentional resources,

unsuccessful retrievals (where the cue-elaboration/search phase proceeds

until the next cue is presented) are associated with continuous high

attentional costs. Using a manipulation of pair repetition we wanted to

evaluate the robustness of the differential pattern of attentional costs

associated with successful and unsuccessful retrievals. One question was

whether strengthening of episodic associations created by repetitions would

lead to a decreased attentional demand associated with successful retrievals,
or whether it would only affect retrieval success and speed.
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Another goal of the current research was to evaluate the existence of

different types of successful retrievals. Naveh-Benjamin and Guez (2000)
used a measure of retrieval latency to distinguish between two types of

retrievals and estimated the attentional resources associated with each. The

results of their experiments indicated that these two types of retrievals

required different amounts of resources for their execution. One type,

tentatively defined as strategic or algorithmic (see Guynn & McDaniel, 1999;

Logan, 1988) and characterised by slow retrievals, was associated with

substantial attentional resources for their execution, especially during the

cue-elaboration/search phase. The other type, tentatively defined as one-step
or direct (see Guynn & McDaniel, 1999; Logan, 1988), was characterised by

fast retrievals (measured by a retrieval response within less than 1 s after the

cue was presented). This type comprised about 25% of all successful

retrievals, required fewer resources for their execution, and did not seem

to show an increase in required attentional resources during the cue-

elaboration/search phase. One interpretation of these results is that the one-

step fast retrievals bypass cue-elaboration/search processes. This suggestion,

which posits the operation of two qualitatively different types of successful
retrievals*one that is fast and requires few attentional resources for its

completion (one-step), and another that is slower and requires substantial

resources (strategic)*is in line with several suggestions in the literature.

These suggestions depict the retrieval process as variable with different

retrievals being based on different mechanisms: for example, see Jacoby’s

distinction of familiarity and recollection (Jacoby, 1991), Gardiner’s

distinction between know and remember responses (Gardiner & Java,

1993), and Logan’s distinction between one-step and algorithmic retrievals
(Logan, 1988; see also Tzelgov, Yehene, & Naveh-Benjamin, 1997).

The manipulation of pair repetition used in the current study was

intended to shed more light on these two types of successful retrievals. First,

we evaluated whether the retrievals identified by Naveh-Benjamin and Guez

(2000) could consistently be documented regardless of the manipulations

used. Second, we assessed whether the repetition of items during the study

phase would result in different proportions of fast and slow retrievals than in

items presented only once. Finally, the comparison of repeated and
nonrepeated pairs could also serve as another criterion for partitioning

successful retrievals. In Naveh-Benjamin and Guez (2000) we used partici-

pants’ retrieval latency to classify retrievals into two different types, slow

(strategic) versus fast (one-step), with each type being shown to have a

different pattern of attentional costs. One interesting question is whether the

use of a repetition manipulation would also result in similar types of

retrieval. Assuming that fast retrievals and those based on thrice-presented

pairs reflect more automatic access of the information, whereas slow
retrievals and those based on once-presented pairs reflect more effortful
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access of the information, we expected the former two and the latter two,

respectively, to exhibit similar patterns of attentional resources.
In order to answer the above questions, in the current study we

manipulated the number of presentations of word pairs during study and

utilised a multimeasure approach, employing measures of memory accuracy,

retrieval latency, attentional costs, and the temporal distribution of

attentional costs during encoding and retrieval. We used conditions of full

attention, DA at encoding, and DA at retrieval. In addition, we used a third

DA condition where participants divided their attention both at encoding

and also at retrieval. The purpose of this addition, in the context of the
issues studied in this report, was to allow the evaluation of the attentional

costs associated with retrieval of materials that were not studied well (under

DA at encoding conditions).

We examined memory performance as well as the secondary tracking task

performance in order to confirm that the previously obtained differential

memory effects of divided attention at encoding and retrieval would indeed

be found. Retrieval latency was measured as the time between the presen-

tation of the cue and the initiation of the response as recorded by the voice-
operated relay. This latency provided one criterion for the differentiation of

different types of retrievals (i.e., slow vs. fast).

We also explored the secondary task costs associated with what seem to

be obligatory retrieval processes. Specifically, we assessed costs associated

with different phases of the retrieval period. We also wanted to differentiate

between the attentional costs required by different types of retrievals (i.e.,

unsuccessful, strategic, and one-step successful). To this end, a well-

established memory paradigm was used, in which encoding and retrieval
phases were clearly separated. We employed a cued-recall task previously

shown (e.g., Craik et al., 1996) to impose high demands for resources both at

encoding and at retrieval. To avoid modality-specific interference, we

presented the verbal information to be remembered auditorily and asked

for spoken responses at retrieval, while the concurrent tasks used visual

stimuli and manual responses. A visual tracking task was used, in which

participants had to follow a fast-moving target on the computer monitor

with a computer mouse (see details in the Methods section) during either
encoding, or retrieval, or both. This procedure allows a microlevel analysis

of momentary changes in participants’ performance. In addition to an

overall measure of attentional resources devoted to retrieval and encoding,

as previous studies did, this procedure provides a temporal distribution

measure of performance, which is the spatial distance between the target and

the tracker every 50 ms in a continuous fashion. The exact times when

stimuli were presented auditorily by the experimenter during encoding (cue�
target) and retrieval (cue), and of participants’ vocal responses during target
retrieval were recorded by the computer through the use of a voice-operated
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relay, and were superimposed on the continuous distance measure. This

enables the measurement of the tracking task performance at virtually any
moment during the encoding and retrieval phases. Because performance on

either task performed singly did not reach ceiling, we contend that each task

required full attention when performed alone. When performed together, the

tasks allowed the assessment of performance throughout the dual-task

interval. In particular, the secondary tracking task monitored and reflected

the changes in attentional resources devoted to the encoding and retrieval of

the words.

METHOD

Participants

The participants were 46 Ben-Gurion University of the Negev under-

graduates, who took part in the experiment for course credit.

Design

Two independent within-subject variables were used. One was attention:

either full attention, divided attention at encoding, divided attention at

retrieval, or divided attention at both encoding and retrieval; the other was
the number of presentations at encoding, either one or three. The dependent

variables were proportion of correctly recalled targets, performance on the

secondary tracking task, and retrieval latency.

Stimuli

One hundred and twenty two- or three-syllable concrete common nouns

were used in the experimental phase (Balgur, 1968, norms). The words were

randomly assigned to 12 lists with 10 word pairs in each. Five of these pairs

in each list were presented once and five were presented three times. This

resulted in 20 presentations per list. The average positioning of the once- and

thrice-presented words in each list was similar. Two versions of the lists were
created in which each pair served either in the one- or the three-presentation

pairs. The words in each pair were not related to each other semantically, or

in any other obvious way.

The tracking task involved a PC computer screen on which an asterisk

moved at a rate of 6 cm/s in a smooth continuous fashion. This rate was

chosen in a pilot study as one which is moderately difficult for participants

when used alone (their performance indicated no ceiling effect, as the

distance measured was significantly higher than 0 mm). Four tracking paths
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consisting of combinations of left�right and up�down directions that start

in the middle of the screen were designated, three of which were used for a
given participant in each of the DA conditions (for example, in the left�up

combination, the asterisk started its move from the middle of the screen

towards the upper left corner of the screen). Although the movement of the

asterisk appeared to be random, it had been predesignated for each path.

Participants followed the asterisk with the computer mouse which controlled

a plus (‘‘�/’’) sign indicating their position on the screen, trying to stay as

close as possible to the asterisk.

Procedure

Each participant was presented with the 12 lists consisting of three

replications of all combinations of the four attention conditions. In addition,

each participant performed the tracking baseline task four times, each time

for 100 s (which was the length of encoding phase). The lists were presented

auditorily at study at a pace of one pair every 5 s. Participants then engaged
in a 60 s distractor activity in which they had to subtract multiples of 7 from

a number that appeared on the screen and write their responses down on

paper. Participants were told to perform the distractor task as quickly and as

accurately as possible. After the interpolated activity, the retrieval phase

began, in which cues were presented once every 5 s for 60 s (pilot work

showed that there were very few responses after 5 s). The participants’ task

was to try to retrieve the target word which was presented with the cue at the

study phase. The order of the cues at retrieval was randomised.
Under the full-attention condition, participants were told to pay full

attention to the lists in order to encode and retrieve them. In the tracking

baseline condition, participants were instructed to catch the asterisk target

or to follow it as closely as possible. In the divided-attention conditions, they

were told to pay equal attention to encoding or retrieval and to the tracking

task. Prior to each list, participants were told which attention condition to

expect. Each of the trials that involved the secondary tracking task used one

of the four basic paths. The presentation of each word pair at encoding (via
the tape recorder), of the cue word at retrieval, and participants’ vocal

retrieval of each word, triggered the voice-operated relay, which recorded the

exact time when each of these events was initiated.

Participants initially practised the tracking task alone, the memory task

alone (full attention), and their combination either at encoding (DA at

encoding), at retrieval (DA at retrieval), or at both (DA at encoding and

retrieval). They then continued with the experimental trials. Twelve formats

of order of tasks were used in which the order of the twelve memory trials
(three for each attention condition) was counterbalanced using a Latin
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Square design, and three or four participants were run in each order. The

four single tracking task trials were performed before the first list and after

the fourth, eighth, and twelfth lists. Participants’ reports after the experiment

indicated that they did not realise that the same four tracking task paths

were repeated in the single- and dual-task conditions, but perceived the

movement of the asterisk to be random.

RESULTS AND DISCUSSION

Memory accuracy

The mean percentage of words recalled correctly across trials and

participants for each condition appears in Table 1. A 4�/2 two-way ANOVA

with attention condition and number of presentations as the two variables

indicated a significant effect of number of presentations, F(1, 45)�/397.9,

pB/.01, MSE�/382.0, showing that thrice-presented words (M�/85.5%)

were better remembered than once-presented ones (M�/44.9%). The

ANOVA also indicated a significant effect of attention, F(3, 135)�/8.72,

pB/.01, MSE�/148.0. Comparisons of full attention (M�/69.4%) with

DA at encoding (M�/61.6%), and with DA at both encoding and retrieval

(M�/62.5%) showed significant differences, F(1, 45)�/15.18, pB/.01,

MSE�/182.12, and F(1, 45)�/14.63, pB/.01, MSE�/148.96, respectively,

but a comparison of full attention and DA at retrieval (M�/67.4%) showed

none, F(1, 45)�/1.13, ns, MSE�/166.77. The comparison of DA at encoding

and DA at retrieval was significant, F(1, 45)�/12.03, pB/.01, MSE�/125.26.

A comparison of DA at both encoding and retrieval to DA at encoding was

not significant, F(1, 45)�/0.26, ns, MSE�/131.07, but a comparison of

DA at both encoding and retrieval to DA at retrieval only was significant,

TABLE 1
Means and standard deviations (in parentheses) for the different dependent

measures in the different attention conditions in once- and thrice-presented word
pairs

Attention conditions

Full

attention DA-encoding DA-retrieval

DA-encoding &

retrieval

Memory (percentage correct)

One presentation 49.9 (22.4) 40.4 (26.5) 47.0 (25.1) 42.4 (20.3)

Three presentations 88.9 (17.0) 82.9 (16.3) 87.8 (15.8) 82.6 (17.8)

Latency (in ms)

One presentation 1787 (368) 1883 (352) 1806 (360) 1844 (307)

Three presentations 1376 (231) 1465 (222) 1507 (294) 1483 (196)
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F(1, 45)�/7.99, pB/.05, MSE�/135.65. The effect of the interaction of the

two variables was not significant, FB/1.0.
These results replicate the patterns reported in the literature: DA at

encoding resulted in a significant drop in memory performance (7.8%), but

DA at retrieval did not (2.0%). In terms of memory costs (percentage drop

from the full attention condition), the decrease was 12.7% and 2.9% for

encoding and retrieval, respectively. In this experiment, there was no

memory cost associated with divided attention at retrieval. The effect of

divided attention at both encoding and retrieval was similar to that of

divided attention at encoding only. This final result extends the one reported
by Craik et al. (1996) who used a free recall task, to a cued-recall task,

showing that divided attention mostly affects the encoding rather than the

retrieval of information. Finally, the results indicate higher retrieval

accuracy for repeated versus nonrepeated pairs. Note that the effects of

DA at encoding on memory performance are not very large. This is probably

due to the concurrent tracking task chosen, which has the advantage of

being sensitive to the attentional demands of the memory task, but which

has been shown to interfere with memory performance less than do the
concurrent choice reaction time tasks (e.g., Naveh-Benjamin & Guez, 2000).

Retrieval latency

For each condition, we averaged the latency for all successful retrievals in

each trial (latency for unsuccessful retrievals could not be determined as

participants provided no response). The mean latencies across trials and
participants for each condition appear in Table 1. The mean latency was

1581 ms in the full attention condition, 1674 ms in the DA at encoding

condition, 1657 ms in the DA at retrieval condition, and 1662 at DA both at

encoding and at retrieval. A 4�/2 two-way ANOVA showed a significant

effect number of presentations (M�/1830 ms and 1458 ms for one and three

presentations, respectively), F(1, 45)�/148.52, pB/.01, MSE�/82,800. The

effect of attention was also significant, F(3, 135)�/3.13, pB/.01, MSE�/

50,996. Further comparisons showed that retrieval latency was significantly
lower in the full attention than in each of the DA conditions, F(1, 45)�/6.99,

pB/.05, MSE�/55,485, F(1, 45)�/6.19, pB/.05, MSE�/41,096, and

F(1, 45)�/7.13, pB/.05, MSE�/41,221, for DA at encoding, DA at retrieval,

and DA at both encoding and retrieval, respectively. There were no

significant differences between any of the DA conditions (all FsB/1.0).

Finally, the interaction between the two variables was not significant,

F(3, 135)�/2.14, p�/.10, MSE�/48,360.

The results of retrieval latency reported here show a similar pattern of a
slower retrieval response under DA either at encoding or retrieval conditions
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relative to retrieval under full attention conditions. In addition, strengthen-

ing the episodic relationships between the word pairs by repetition seems to
decrease retrieval latency.

Tracking task performance

Retrieval vs. encoding: Overall costs. For each attention condition

(except for the full attention one) we averaged the distance (in mm) between

the target and the tracker after each 50 ms interval over the whole trial. To

provide a more precise measurement of encoding and retrieval DA costs, we
subtracted the appropriate baseline distance for each trial (which used the

exact same path as the DA trial; see details in the Method section).

A preliminary analysis showed the exact same patterns for attentional costs

in the DA at both the encoding and retrieval conditions, similar to each of

the separate DA at encoding and DA at retrieval conditions. As a result, in

order to increase the number of data points on which each estimate for

attentional costs at encoding and retrieval was based, we incorporated the

results of the DA at both encoding and retrieval condition to the respective
DA at encoding or DA at retrieval conditions.

The resultant overall tracking costs distance (after subtracting perfor-

mance on the baseline tracking trials1) was 1.80 mm (SD�/1.7 mm) at

retrieval and 1.41 mm (SD�/1.4 mm) at encoding. These distances were

significantly larger than 0.0, t(45)�/6.60 and 6.90 for encoding and retrieval,

respectively, pB/.01 in both cases, indicating that both encoding and retrieval

require attentional resources for their execution. A t-test between encoding

and retrieval showed significant differences between the two, t(45)�/1.97,
pB/.05. This result replicates previous ones showing that retrieval requires

more resources than encoding (Craik et al., 1996, Exp. 3; Naveh-Benjamin

et al., 1998, Exp. 1; Naveh-Benjamin & Guez, 2000, Exp. 1).

There was also a significant effect of number of presentations where

thrice-presented pairs required fewer resources (M�/1.14) than once-

presented pairs (M�/2.18), t(45)�/3.13, pB/.01. This effect indicates that

fewer attentional resources are required to retrieve targets of pairs that were

presented several times, as opposed to those that were presented only once.2

Since this study was intended not only to compare general resources

associated with encoding and retrieval but also to specify the temporal

distribution of these resources for encoding (and retrieval), we created

1 For encoding, which lasted 100 s, the full 100 s of the matched baseline tracking task period

was used. Since the retrieval duration was only 60 s, we used only the first 60 s of the matched

baseline tracking trial period.
2 We did not use a 2�/2 analysis with encoding retrieval and number of presentations because

the procedure used did not allow the distance measure at encoding to distinguish between stimuli

that appeared once or three times.
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aggregated 5 s segments for encoding and retrieval, in a manner similar to

the technique employed in the Naveh-Benjamin and Guez (2000) study (see

Figure 1). For encoding, where the presentation of a word pair by the

experimenter occurred every 5 s, we superimposed the twelve 5 s segments

for each encoding trial, and examined the distribution of tracking

performance (after single-task tracking baseline was subtracted). We then

averaged performance on the four DA at encoding trials for this participant.

For retrieval, the full 5 s segment was used in trials without a retrieval

response (unsuccessful retrievals). In order to create an aggregated 5 s

segment for trials with a retrieval response (successful retrievals), we had to

use a different averaging system, since participants provided a response in

different trials at different points during the 5 s retrieval interval. For

example, Figure 1 shows two successful retrieval segments: In one,

participants responded 1400 ms after the cue was provided, and in the

other, they responded after 2800 ms. To create the 5 s aggregated retrieval

segment, one point in time was chosen to represent the prototypical response

Figure 1. Time-line diagrams illustrating the creation of encoding and retrieval phases (see text).
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time. We chose the 1.6 s mark, as this was the average retrieval latency of the

participants (see retrieval latency data above). The next step involved taking

all trials with a retrieval response and dividing each into two segments: from

cue presentation to response, and from response to the next cue. We then

took each of these two segments for each retrieval interval and superimposed

them on the aggregated segment. If the segment cue�response was shorter

than 1.6 s, then the segment was stretched to fit a 1.6 s interval. For example,

the first retrieval latency in Figure 1 was 1400 ms, and in this case we

stretched it to fit a 1.6 s interval. Likewise, if the retrieval response took

longer than 1.6 s, as is the case with the second retrieval response in Figure 1

(2800 ms), the segment was compressed to fit the 1.6 s interval. Similarly, the

intervals from response to cue for each trial were superimposed on the

aggregated 3.4 s interval after the response by either stretching or

compressing them. This procedure produced a standardised relative

positioning of tracking performance across all words with respect to the

periods before or after the actual retrieval.

Types of retrieval. To specify the attentional costs associated with the

different types of retrieval, we distinguished between those trials in which

participants provided no retrieved response, which were designated as

unsuccessful retrievals, from those where a retrieved response was given,

which were considered successful retrievals.3 Furthermore, to assess

potential differences between the successful retrievals, we split them into

two groups: fast retrievals, comprising those retrievals with response latency

of up to 1300 ms (M�/1038 ms), and slow retrievals, comprising those

retrievals with response latency over 1300 ms (M�/2003 ms). This resulted in

49.8% out of all successful retrievals being fast and 50.2% being slow. Note

that in this experiment, the proportion of fast retrievals was much higher

than that reported by Naveh-Benjamin and Guez (2000) in their Experiment

2, which manipulated word frequency, presumably due to the three-

presentations condition that resulted in many fast retrievals (see below for

details). We then created two aggregated retrieval segments, one for fast

retrievals and one for slow retrievals.

Each participant’s tracking performance was averaged across the six DA

at retrieval trials (three for the DA at retrieval condition and three for the

retrieval portion of the DA at both encoding and retrieval condition), after

baseline performance was subtracted every 50 ms. Figure 2 presents the

secondary task tracking performance (distance in mm) of the aggregated 5 s

unsuccessful, fast, and slow successful retrievals segments, averaged across

3 We did not consider those retrievals that were completed erroneously, in which participants

provided the wrong target, as very few of those were made in the current study (about 5% of all

unsuccessful retrievals).
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participants and number of presentations (for comparison, we also added

the encoding segment).

A one-way ANOVA carried out on retrieval type (unsuccessful, slow, and

fast) was significant, F(2, 88)�/6.80, MSE�/4.36, pB/.01. A follow-up

comparison showed that both unsuccessful and slow retrievals resulted in

larger distance than the fast retrievals, F(1, 44)�/11.49, MSE�/4.03, pB/.01,

and F(1, 44)�/8.98, MSE�/4.68, pB/.01, respectively. The unsuccessful and

slow retrievals, however, were not different from each other (FB/1).

Componential analysis. As mentioned earlier, one purpose of the
current experiment was to assess whether it is possible to distinguish

different types of successful retrievals identified in our previous research

(Naveh-Benjamin & Guez, 2000). As the distinction between slow and fast

retrievals is response-based*i.e., it depends on subjects’ responses*we

wished to assess whether specific manipulations could also be used to create

different types of retrievals. We manipulated the number of presentations

and the question that we addressed next was whether we can identify

different components of retrieval (e.g., the cue-elaboration-search compo-

nent, see discussion below) using either a subject-based response or a

stimulus-based criterion. In the following, we report the results for the

distance measure based on either response time (latency) criterion or

stimulus-based (repetition) criterion.
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Figure 2. Temporal distribution of performance on the secondary tracking task for the

aggregated 5 s encoding, unsuccessful retrieval, slow retrieval, and fast retrieval segments after

single-task tracking performance subtraction (distance in millimetres).
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Retrieval components: Response-based criterion

In order to analyse the attentional costs associated with different phases of

the retrieval process, we broke down the aggregated 5 s retrieval segment into

three components, cue-encoding, cue-elaboration/search, and retrieval

mode, as done in the Naveh-Benjamin and Guez (2000) study. The first

component involves the encoding of the cue word, which lasted on average

about 500 ms from the beginning of the mouthing of the cue by the

experimenter, based on our measurements, which indicated that it took the

experimenter about 400�500 ms on average to say the cue word (we assume

that participants encoded the cue, at least partially, while it was presented

auditorily). The second component involves a cue elaboration or a search for

the appropriate target word, which starts once the cue word is encoded and

ends when the participants overtly retrieve the target word (or a bit earlier, if

participants have to create a motor program in order to mouth the response

when the target is found). As the average retrieval latency was 1600 ms (see

above), the time between 0.5 and 1.6 s was designated as cue-elaboration/

search time for retrievals. Finally, the time between a successful retrieval and

the appearance of the next cue was designated as a retrieval mode only, as

participants were presumably not engaged in any active retrieval during this

period. To allow for comparison across participants, this segmentation was

performed on the adjusted retrieval segments, as described earlier. Note that

performance in the baseline single-task tracking condition did not exhibit

any particular pattern during the different phases. Furthermore, it did not

vary systematically across the different phases.
To isolate the costs associated with each of the above retrieval

components and to simplify the analysis, we used the first data point in

Figure 2 (0.0 to 0.5 s) to estimate the attentional cost associated with cue

encoding, the mean of the second, third, and fourth data points (0.5�1.0 to

1.5�2.0 s) to estimate the cost associated with cue-elaboration/search, and

the mean of the sixth, seventh, eighth, and ninth data points (2.5�3.0 to 4.0�
4.5 s) to estimate the cost associated with retrieval mode. In this analysis we

did not include either the fifth data point (2.0�2.5 s), since in some of the

trials it was associated with retrievals, or the tenth data point (4.5�5.0 s),

since its results may be confounded with anticipation of the next cue word.

For comparison purposes only, we similarly designated the respective

periods during encoding as stimulus encoding, encoding processes, and

encoding mode. This fairly arbitrary division was based on the segmentation

at retrieval. For example, it would have been equally possible to have the

encoding processes phase occupy the entire period after the stimuli were

encoded rather than being followed by an encoding mode phase. The

tracking distance measure (after subtracting the respective baseline tracking

performance) for each of these components and for each of the retrieval
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types can be seen in Table 2 (see also Figures 2 and 3A). A two-way ANOVA

with retrieval type (unsuccessful, slow, and fast) and retrieval component

showed a significant effect of retrieval type, F(2, 88)�/6.18, MSE�/6.24, pB/

.01, reflecting the fact that unsuccessful and slow retrievals were associated

with larger distances than the fast retrievals. The effect of the components

was not significant, F(2, 88)B/1.0. More importantly, the interaction effect

was significant, F(4, 176)�/3.92, MSE�/5.26, pB/.01. A follow-up interac-

tion comparison between unsuccessful and slow retrievals and the cue-

encoding and search phases showed no effect, FB/1.0. However, an

interaction comparison of slow versus fast retrievals and cue encoding and

the search phase was significant, F(1, 44)�/6.05, MSE�/6.19, pB/.05, as was

the interaction between unsuccessful and fast retrievals and cue encoding

and search, F(1, 44)�/5.43, MSE�/3.08, pB/.05. Both of these interactions

reflect the different patterns for slow and unsuccessful retrievals as opposed

to those for fast retrievals; only the former types of retrieval are associated

with an increase in attentional costs during the search phase, whereas the

latter actually shows a pattern of a decrease in attentional costs during this

phase.

Further follow-up comparisons between unsuccessful and slow retrievals

and the search and mode phases showed a significant effect, F(1, 44)�/4.47,

MSE�/6.0, pB/.05, reflecting a decrease in attentional costs for slow

retrievals once the target was retrieved, but no such decrease was found

for unsuccessful retrievals, where the search presumably continued. An

interaction comparison of unsuccessful and fast retrievals and search and

mode components was not significant, F(1, 44)�/2.81, MSE�/4.17, ns. The

interaction between fast and slow retrievals at the search and mode phases

approached significance, F(1, 44)�/3.44, MSE�/6.94, p�/.07. The above

TABLE 2
Secondary tracking task means and standard deviations (in parentheses) for the

different phases of the encoding and retrieval segments of once- and thrice-
presented word pairs (distance in mm)

Phase

Cue-encoding Cue-elaboration/search Mode

Encoding 1.56 (1.6) 1.44 (1.5) 1.44 (1.5)

Retrieval 1.52 (1.9) 1.94 (2.5) 1.73 (2.2)

Unsuccessful retrievals 1.33 (2.5) 1.93 (2.3) 2.48 (2.5)

Successful retrievals 1.70 (2.1) 1.88 (2.9) 1.24 (2.4)

Successful slow retrievals 1.65 (2.7) 2.82 (4.3) 1.82 (3.4)

Successful fast retrievals 1.67 (2.4) 1.05 (2.3) 0.59 (2.4)

Successful retrievals*one presentation 1.65 (2.7) 3.14 (5.0) 1.72 (2.7)

Successful retrievals*three presentations 1.81 (2.7) 1.27 (2.5) 0.55 (2.3)
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patterns (see Table 2) indicate that unlike unsuccessful and slow retrievals,

fast retrievals may be completed without a cue-elaboration/search process.

Retrieval components: Stimulus-based criterion

We used the same componential analysis mentioned above and computed a

tracking distance measure (after subtracting the respective baseline tracking

performance) for each of these components for retrievals of stimuli encoded

once and three times. These can be seen in Figure 3B and Table 2. A two-way

ANOVA with number of presentations and retrieval component showed a

significant effect of number of presentations, F(1, 45)�/9.65, MSE�/6.60,

pB/.01, reflecting the fact that the retrieval of thrice-presented items was

associated with smaller distances (attentional resources) than that for the
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Figure 3. A. Temporal distribution of performance on the secondary tracking task for the

aggregated 5 s successful retrieval segments after single-task tracking performance subtraction

(distance in millimetres), for slow and fast retrievals. B. Temporal distribution of performance on

the secondary tracking task for the aggregated 5 s successful retrieval segments after single-task

tracking performance subtraction (distance in millimetres), for once- and thrice-presented words.
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once-presented items. The effect of the components was also significant,

F(2, 90)�/3.57, MSE�/7.43, pB/.05. More importantly, the interaction effect
approached significance, F(2, 90)�/2.69, MSE�/9.12, pB/.07. To assess the

source of this interaction, a follow-up interaction comparison between

number of presentations and the cue-encoding and search phases showed a

significant effect, F(1, 45)�/4.34, MSE�/10.9, pB/.05, indicating that

whereas once-presented items required increased attentional resources

moving from the cue-encoding to the cue-elaboration/search component,

thrice-presented items did not. Interestingly, the pattern obtained here

with stimulus-based criterion for one versus three presentations is similar
to the one obtained when subject response-based criterion was used in the

comparison of slow versus fast retrievals, as was reported above4 (see

Figures 3A and 3B).

Proportion of fast and slow retrievals

We looked at the proportion of fast and slow retrievals in the once- and
thrice-presented pairs. Mean percentage of fast retrievals of all successful

retrievals was 25.5% in the once-presented pairs condition (very similar to

the proportion obtained in Naveh-Benjamin & Guez, 2000), and 61.1% in

the thrice-presented pair condition. A t-test showed that these proportions

were significantly different from each other, t(45)�/13.8, pB/.001. These

results indicate that the better memory performance in the thrice-presented

pairs condition may be related to the increase in the proportion of fast

retrievals in this condition relative to the proportion of fast retrievals in the
once-presented pairs condition.

DISCUSSION

The outcome of the current experiment is consistent with results reported in

the past and, in addition, supplies further information about the effects of

divided attention on retrieval processes and the attentional costs associated

with these processes. This experiment replicates and extends previous results

(e.g., Baddeley et al., 1984; Craik et al., 1996; Naveh-Benjamin et al., 1998;

Naveh-Benjamin, Craik, Gavrilescu, & Anderson, 2000; Naveh-Benjamin,

Craik, Perretta, & Tonev, 2000) by demonstrating an asymmetry between
encoding and retrieval processes under the effects of divided attention:

Whereas dividing attention at encoding significantly downgrades memory

4 Note that we were not able to split the data within each presentation condition into slow and

fast retrievals as this would have resulted in too few trials to ensure stable estimations of each 5 s

time segment.
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performance, dividing attention at retrieval has almost no effect on memory

performance. Retrieval processes, however, require substantial attentional
resources reflected by a decreased performance on the secondary tracking

task. The resources required during retrieval in a cued-recall task were found

to be greater than those required during encoding.

Several studies in the literature show more substantial effects of DA at

retrieval on memory accuracy performance than the current study does

(Barrouillet, Bernardin, & Camos, 2004; Carrier & Pashler, 1995; Fernandes

& Moscovitch, 2000, 2002, 2003; Rohrer & Pashler, 2003). However, these

studies do not necessarily conflict with the results obtained in the current
study because they differ from it in several important ways. First, the study

by Barrouillet et al. dealt with retrieval in a working memory task, whereas

our study examines retrieval from long-term memory. Second, the study by

Carrier and Pashler lacked a standard condition where information was

retrieved under full attention, making it difficult to assess the effects of DA

at retrieval on memory accuracy. Third, the studies by Fernandes and

Moscovitch used a full attention control condition and showed large DA

effects at retrieval. However, these interference effects at retrieval were
shown under conditions of structural similarity, wherein the concurrent task

was similar to the primary memory task (e.g., when both required the use of

a verbal code). Furthermore, the studies by Fernandes and Moscovitch

demonstrated the asymmetry reported in the current study, where DA at

retrieval affected memory performance much less than did DA at encoding.

Finally, the study by Rohrer and Pashler did not assess the effects of DA at

encoding, and therefore it can not provide information about the asymmetry

between the effects of DA at encoding and retrieval. Similarly, the study by
Barrouillet et al. does not provide a separate assessment of the effects of DA

at encoding and retrieval.

One purpose of the current research has been to further assess the

attentional costs associated with retrieval. Based partially on Tulving’s

(1983) taxonomy of retrieval subprocesses and on results by Naveh-

Benjamin and Guez (2000), we have designated three retrieval phases or

subcomponents: cue encoding, cue-elaboration/search processes for a

specific word, and the operation of a retrieval mode. The results of this
experiment indicate that retrieval, at least during a cued-recall task, does not

require uniform attentional resources. The first phase of cue-encoding

requires some resources, much like stimuli detection requires at encoding.

The second phase, involving cue-elaboration/search processes requires

substantial resources for its execution. This was shown in two ways. First,

for successful retrievals, the period after the cue encoding and prior to the

retrieved response was associated with a pattern of poorer performance on

the secondary task (larger tracking distance) than either the respective
period at encoding or the retrieval period following the retrieval response.
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Second, the use of a cued-recall task allowed us to measure attentional

resources associated with both successful and unsuccessful retrievals.
Performance on the secondary task for unsuccessful retrievals (where no

retrieved response was provided by the participant) was poor after cue

encoding and throughout the retrieval period of a given target. Specifically,

while unsuccessful retrievals consumed attentional resources for their

execution as did successful retrievals up to the point of the retrieved

response, the unsuccessful retrievals continued to require resources for the

whole retrieval period, presumably reflecting the continuation of cue-

elaboration/search processes.
Regarding the question of whether being in a retrieval state of mind which

operates in the background (retrieval mode) also requires attentional

resources, the results of this experiment appear to provide a positive answer;

when this was evaluated by looking at successful retrievals after their

completion, a period in which participants were not trying to retrieve any

given word (they did not know which cue would be presented next), the

attentional costs were still substantial, above and beyond those required in

the secondary task baseline condition (although this sustained cost could
also be related to postretrieval check processes). These larger costs probably

rule out general alertness as the sole underlying cause, because participants

were presumably alert also during the entire baseline trials.

Encoding, in contrast, seems to require uniform attentional resources

throughout, as there were no changes in the temporal patterns of

performance on the secondary task during encoding.

Successful and unsuccessful retrievals showed both similarities and

differences. While both required the same amount of attentional resources
for the execution of the cue-encoding and cue-elaboration phases, the

pattern of their attentional cost diverged after that: Whereas successful

retrievals (where the retrieval response terminates the cue-elaboration/search

phase moving participants to a retrieval mode phase) were associated with

fewer attentional resources, unsuccessful retrievals (where the cue-elabora-

tion/search phase proceeds until the next cue is presented) were associated

with continuously high attentional costs.

Another issue explored in this research concerns the existence of different
types of successful retrievals. We wanted to find out whether different types

of retrieval can be distinguished and their associated attentional costs

measured. One measure we used to set apart these types of retrieval was a

measure of retrieval latency: We distinguished slow from fast retrievals and

estimated the attentional resources associated with each. The results

reported here indicated that these two types of retrieval require different

amounts of resources for their execution. Slow retrievals were associated

with substantial attentional resources for their execution, especially during
the cue-elaboration/search phase. Fast retrievals, however, required fewer

REPETITION AND ANALYSIS OF ATTENTIONAL COSTS 893



resources for their execution, and in particular did not seem to show an

increase in required attentional resources during the cue-elaboration/search
phase. One way to interpret these results is by suggesting that fast retrievals

bypass and hence do not require cue-elaboration/search processes. Whether

slow and fast retrievals represent true dichotomy or they are end-points on a

continuum, and whether the nature of slow and fast retrievals is related to

the retrievals being based on recollection or familiarity, are questions left for

future research.

The results obtained also show that providing episodic enhancement to

the cue�target relationships by repeating word pairs three times during the
study phase increases both the probability of retrieval success and the speed

of the retrieval. In addition, the episodic enhancement at encoding leads to

retrieval that seems to require fewer attentional resources, particularly

during the cue-elaboration/search component. Interestingly, this effect seems

to be mediated by a change in the nature of retrievals of the thrice-presented

pairs; the retrieval of these pairs seems to mostly bypass the search process,

making it faster and less dependent on attentional resources.

Overall, the pattern of attentional resource results reported in this
experiment seems to arise using both subject response-based and manipula-

tion-based criteria to split the successful retrievals. Distinctions between

slow and fast retrievals and between once- and thrice-presented pairs lead to

similar attentional resource patterns: One pattern of retrievals, which we

consider to be strategic or algorithmic and which was obtained with slow

retrievals or once-presented pairs, indicates an increase in attentional

resources associated with the cue-elaboration/search phase. The other

pattern of retrievals, which we term one-step or direct, and which was
obtained with fast retrievals or thrice-presented pairs, does not indicate any

similar increase in resources. Such similarity in the patterns obtained using

response-based criterion (retrieval speed) and stimulus-based criterion

(repetition) may provide some clue into the nature of fast retrievals. In

previous experiments (i.e., Naveh-Benjamin & Guez, 2000), the source of

fast retrievals was not clear and could have been related to several factors

including individual differences in preexperimental associative structure

(with some pairs strongly associated preexperimentally for some participants
and others not), or differences in the degree of adequate episodic binding of

a given word pair created by the participant during encoding (some pairs are

better bound than others during encoding). The results of the current

experiment, which show similar patterns of attentional resources for thrice-

presented items as for fast retrievals, point to the possibility that fast

retrievals reflect stronger episodic binding at encoding.

The current results also add information on the patterns of attentional

resources obtained when stimulus repetition is manipulated. Johnston and
Uhl (1976), using a secondary task methodology, showed that under spaced
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repetition conditions (similar to those used in the current experiment), the

amount of attentional resources associated with encoding of a stimulus for
the second and third times does not change much (and even shows some

increase) from that associated with the first encoding of the item. Our results

show that such sustained attentional resources at encoding of spaced

repetitions is manifested in more accurate, faster, and less effortful retrieval

of these repeated items than in once-presented items. Johnston and Uhl also

showed that under massed repetition, the amount of attentional resources

during encoding actually decreases with each repetition. It would be

interesting to assess in future studies whether such a pattern at encoding
would result in less accurate, more effortful, and slower retrievals of these

massed-repeated encoded items.

As mentioned earlier, Carrier and Pashler (1995) assessed the effects of

DA at retrieval on recognition memory for items presented at encoding once

or five times. Although there are several differences between the methods

they used and those utilised in the current study, and although their

interpretation of the results is in the context of a central bottleneck that

delays memory retrieval, several similarities should be noted between the
results of these two studies. First, Carrier and Pashler showed that retrieval

was slowed down by a concurrent task. This result is in line with the results

reported in the current study for the latency of retrieval measure. In

addition, Carrier and Pashler showed that retrieval affected a concurrent

task performance more for stimuli studied once than for those studied five

times. These results are in line with our own results in the current study,

showing larger attentional resources costs associated with the retrieval of

pairs of items encoded once than with pairs encoded three times. One unique
contribution of the results reported in the current study is in showing that

repeatedly encoded information results not only in reduced overall atten-

tional costs, but that these reduced costs are associated with the elimination

of the cost usually required by a cue-elaboration/search process.

With respect to models of retrieval processes underlying different memory

tasks, several researchers (i.e., Nobel & Shiffrin, 2001; see also Raaijmakers

& Shiffrin, 1980, 1981) have suggested that whereas recognition memory

tasks seem to be mediated by a single retrieval step, cued-recall performance
is carried out through a memory search with successive sampling and

recovery of images until a relevant image is retrieved. The current results

may indicate a more complex picture where the nature of retrieval during a

cued-recall task may change as a function of encoding circumstances. Under

standard encoding situations, retrieval during cued-recall may actually

be based on serial search model. However, when encoding is robust

and comprehensive, cued-recall too might be based upon a single retrieval

step*parallel retrieval processes (in line with Hintzman, 1988; Metcalfe
Eich, 1982; and Murdock, 1982). In the current experiment, a repetition
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manipulation of word pairs resulted in significant number of retrievals that

were fast and that did not seem to require attentional resources that usually
are associated with cue-elaboration/search processes. This possibility is

consistent with the multiple-trace model proposed by Hintzman (1988),

which suggests that repetition, which creates multiple copies of the stimulus

during encoding, provides for multiple parallel routes to each of the traces

that were created during repetition, increasing the chances that at least one

of them would be accessed. Such access would be characterised by a fast,

relatively easy and effortless retrieval. Alternatively, it might still be the case

that when encoding is robust (in our case, based on multiple presentations)
the retrieval is based on sequential search process, but that in this case the

search process is truncated as a target is immediately found.

The current results further suggest that a thorough investigation of

encoding and retrieval processes should involve several measures of perfor-

mance that allow, separately and in combination, the uncovering of the

different facets and components of these processes. In the current study we

used four measures of performance: memory accuracy, retrieval latency,

overall attentional costs, and the temporal distribution of attentional costs.
We believe that this approach provides a more comprehensive perspective on

the phenomenon under investigation. In particular, the introduction of

online temporal measurements of a specific pattern of behaviour could help

us in reaching conclusions regarding characteristic processes which, in

combination, yield that behaviour.

To summarise, the pattern emerging from the current research extends the

conclusions of our earlier research by indicating that the processes

associated with encoding and retrieval processes are substantially different.
Divided attention at encoding interferes markedly with later memory

performance, whereas divided attention at retrieval does so to a much lesser

degree. The relative immunity of memory performance to the effects of

divided attention at retrieval is offset by a cost, as measured by a concurrent

task; results indicate that retrieval processes are more attention demanding

than encoding processes. The current experiment showed that this demand

for attentional resources is related to whether retrieval was fast or slow with

greater demand in the latter. By simultaneously assessing accuracy and
latency of retrievals, as well as of overall attentional costs and the temporal

distribution of attentional costs incurred by these retrievals, we identified a

common set of retrieval types and retrieval components. The experiment,

which manipulated the number of presentations of a given word pair, showed

that such a strengthening of the associations between members of a given

word pair increases the accuracy of retrieval, speeds up the access to these

pairs, and requires reduced attentional resources to complete this access

relative to those pairs presented only once. This reduction in attentional
resources seems to be mediated by a change in the nature of retrievals of the
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thrice-presented pairs, which seem to mostly bypass the search process,

making it faster and less dependent on attentional resources.
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