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Abstract

Attempting to retrieve the answer to a question on an initial test can improvememory for that answer on a subsequent test, relative

to an equivalent study period. Such retrieval attempts can be beneficial even when they are unsuccessful, although this benefit is

usually only seen with related word pairs. Three experiments examined the effects of pretesting for both related (e.g., pond-frog)

and unrelated (e.g., pillow-leaf) word pairs on cued recall and target recognition. Pretesting improved subsequent cued recall

performance for related but not for unrelated word pairs, relative to simply studying the word pairs. Tests of target recognition, by

contrast, revealed benefits of pretesting for memory of targets from both related and unrelated word pairs. These data challenge

popular theories that suggest that the pretesting effect depends on partial activation of the target during the pretesting phase.
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Introduction

Tests have been hailed in recent years as effective and efficient

studying tools (e.g., McDaniel, Anderson, Derbish, &

Morrisette, 2007). It is well established that retrieving infor-

mation from memory on an initial test can improve memory

on later tests (Roediger & Karpicke, 2006). An important

question, however, is when tests should be introduced.

Traditional learning theorists argued that testing prematurely

would be counterproductive, because failed tests could create

confusion (Skinner, 1958; Terrace, 1963). Others strongly

disagree, however, arguing that waiting until errors can be

safely avoided wastes valuable study time (e.g., Kornell &

Vaughn, 2016; Metcalfe, 2017). These researchers cite care-

fully controlled experiments that suggest that, just like suc-

cessful tests, failed tests can be beneficial.

Kornell, Hays, and Bjork (2009) developed a pretesting

procedure to examine the effects of failed tests on memory.

Their participants first studied a list of weakly associated cue-

target word pairs (e.g., pond-frog), by either studying each

pair for the trial duration (Read condition), or by guessing

the target for each cue before it was revealed (Generate con-

dition). Since the word pairs were only weakly related, the

participants’ guesses on Generate trials were usually wrong.

Nevertheless, the participants recalled more Generate targets

than Read targets in a subsequent cued-recall test, and this

pattern remained even when only trials involving incorrect

guesses were analysed. Kornell et al. (2009) therefore showed

that failed tests were constructive – an effect known as the

pretesting effect.

Several theories have been proposed to explain the

pretesting effect. Search set theory, for example, suggests that

the process of generating guesses at encoding covertly acti-

vates a semantic network of related concepts, including the

correct target. This prior activation is then suggested to im-

prove the encoding of that target when it is subsequently re-

vealed (Grimaldi & Karpicke, 2012; Hays, Kornell, & Bjork,

2013; Kornell et al., 2009; Zawadzka & Hanczakowski,

2018). Thus, search set theory emphasises the importance of

the target already being partially activated when it is revealed.

A corollary of this claim is that the locus of the effect is on the

target itself, rather than the cue-target association.

Support for search set theory comes from the finding that

pretesting improves subsequent cued recall for related (e.g.,

tide-beach) but not unrelated (e.g., pillow-leaf) word pairs

(Grimaldi & Karpicke, 2012; Huelser & Metcalfe, 2012;
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Knight, Ball, Brewer, DeWitt, & Marsh, 2012). Search set

theory predicts this result because unrelated targets should

not be activated in the search set for a cue, and so should not

benefit from prior activation. More recently, Zawadzka and

Hanczakowski (2018) used homograph cues that had two pos-

sible targets (e.g., arms-hug and arms-nuclear), although par-

ticipants only ever saw one target. Pretesting was only bene-

ficial when the participants’ guesses were related to the target

(e.g., guess shoulder for the pair arms-hug). This finding sug-

gests that a pre-existing semantic relationship is not sufficient;

the participant must also anticipate the correct relationship

when guessing. Search set theory also predicts this result,

because it is only when the correct relationship is assumed

that the correct target might be activated.

Despite the findings above, support for search set theory is

not universal. In particular, several recent experiments found

that incorrectly guessing the definitions of novel English

words or foreign vocabulary improved subsequent recognition

of those definitions, relative to just studying the definitions

(Potts, Davies, & Shanks, 2019; Potts & Shanks, 2014;

Seabrooke, Hollins, Kent,Wills, &Mitchell, 2019a). The cues

were unfamiliar words in these experiments, and so the targets

were very unlikely to be part of any search set.

In summary, several studies on the one hand have support-

ed search set theory by showing beneficial effects of guessing

for subsequent cued recall of targets that were related to the

cue, but not targets that were unrelated to the cue. In contrast, a

handful of more recent studies have shown benefits of guess-

ing for unrelated materials (using novel cues that have no

associates), when tested using target recognition tests. Thus,

there is an apparent conflict between the findings for recall

and recognition, but this comparison is confounded with the

materials used. Here we address this confound in three

experiments.

The present experiments tested search set theory by exam-

ining the effects of pretesting on both target recognition and

cued recall, using the same materials. In these experiments,

the cues were all familiar words (e.g., pond) that would likely

have many pre-existing semantic associates. The cues could

be either related or unrelated to the targets. During the initial

encoding phase, participants either studied the intact word

pairs for the full trial duration (Read condition), or were pre-

sented with the cue and had to guess the target before the

correct target was revealed (Generate condition). Memory

for the targets from each pair was then assessed via a cued

recall (Experiment 1) or target recognition (Experiment 2) test.

In Experiment 3, both tests were administered in a single

experiment. Search set theory predicts that the Generate con-

dition should only improve memory for related word pairs,

because it is only in the related condition that the target should

form part of the search set for the cue. Crucially, this pattern

should be seen in both recognition and recall. If the effects

described above using novel cues (unfamiliar or foreign

words) are mediated by a similar mechanism to those seen

with familiar cues, however, then we might expect guessing

attempts to improve recognition of targets from both related

and unrelated word pairs.

Experiment 1

Method

Participants Thirty participants (23 females; age: 18–36 years,

M = 22.37, SEM = 0.77) were recruited from the University of

Plymouth. This sample size provides 85% power to detect a

medium-sized interaction, based on our prediction that the

Generate > Read effect would be larger for related pairs than

unrelated pairs. The University of Plymouth Psychology

Ethics Committee approved all reported experiments.

Apparatus and materials The experiment was programmed in

E-Prime 2.0 and was presented on a 22-in. computer monitor.

Thirty-two related and 32 unrelated word pairs were selected

from Nelson, McEvoy, and Schreiber's (1998) norms. The

related pairs had forward associative strengths between

0.050 and 0.054, and the unrelated word pairs had no pre-

existing associations. Allocation of word pairs to conditions

was randomised for each participant.

Procedure The experiment consisted of encoding, distractor

and test phases. At encoding, related (e.g., bowl-plate) and

unrelated (e.g., band-rash) word pairs were presented.

Figure 1a depicts the trial structure (for all experiments). On

Fig. 1 Trial layout for Experiments 1, 2 and 3, for related and unrelated

word pairs. Rows A and B depict the structure of Generate trials in all

experiments. Rows C and D show the structure of Read trials in

Experiments 1 and 2, and rows E and F show the structure of Read

trials in Experiment 3
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Read trials, participants studied the complete word pair for 5 s.

On Generate trials, the cue (e.g., bowl) was first presented

alone, and the participants had 7 s to guess the target (plate).

Their guesses appeared on-screen as they typed, and they

could use the backspace key to change their answer. After

the 7 s had elapsed, the complete word pair was presented

for 5 s. Four practice trials (two Read and two Generate, each

with one related and one unrelated word pair) were adminis-

tered first. The main encoding phase then consisted of 30

Read and 30 Generate trials, with 15 related and 15 unrelated

word pairs presented in each. The trials were randomly

intermixed and were separated by 500-ms intervals through-

out all encoding and test phases in all reported experiments.

The distractor task between encoding and test lasted ap-

proximately 30 s, during which time participants evaluated

the accuracy of simple mathematical statements (e.g., (6 x 2)

- 2 = 10) by means of a button-press.

At test, the cues from each word pair were presented indi-

vidually and the participants had to type in the corresponding

target (or guess if they could not remember). Responses were

not time-limited at test in any of the reported experiments.

Four practice trials, using the cues from the practice encoding

trials, were administered first, followed by the 60 main

encoding phase cues.

Results and discussion

On average, the participants correctly guessed 5.78% (SEM =

0.94%) of targets from related word pairs at encoding. These

word pairs were removed from further analysis. No targets

from unrelated pairs were guessed.

Figure 2a shows the mean percentage of correctly recalled

targets in the cued-recall test. An encoding condition

(Generate, Read) × relatedness condition (related, unrelated)

ANOVA revealed main effects of encoding condition, F (1,

29) = 4.59, p = .04, ηg
2 = .02, and relatedness condition, F (1,

29) = 210.84, p < .001, ηg
2 = .54, and a significant interaction,

F (1, 29) = 17.29, p < .001, ηg
2 = .05. Relative to the Read

condition, the Generate condition enhanced cued recall per-

formance for related, t (29) = 3.47, p = .002, dz = 0.63, BF10 =

21.39, but not unrelated, t (29) = 1.02, p = .32, dz = 0.19, BF10
= 0.31, pairs (all Bayes Factors were calculated using Morey,

Rouder, and Jamil's BayesFactor package [2015, version

0.9.12.4.2]). These results are consistent with previous dem-

onstrations that pretesting only benefits cued recall for related

word pairs (e.g., Grimaldi & Karpicke, 2012).

Experiment 2

Replicating prior research, Experiment 1 found that pretesting

improved subsequent cued recall of targets from related, but

not unrelated, word pairs. Experiment 2 sought to test search

set theory’s prediction that the same pattern would be seen in

any test of memory for the targets, using an old–new recogni-

tion test.

Method

Participants, apparatus and materials Thirty participants (25

females; age: 18–51 years,M = 20.80, SEM = 1.07) took part

(with one participant replaced because of a computer failure).

The sample size was based on a power analysis that used the

same criteria as Experiment 1. Sixty-two related and 62 unre-

lated word pairs were selected as in Experiment 1. Thirty pairs

from each relatedness condition were presented at encoding,

with 15 each presented on Generate and Read trials. For each

relatedness condition, two additional pairs were used for prac-

tice trials, and the targets from the remaining 30 pairs served

as foils. Other aspects were as in Experiment 1.

Procedure The procedure was the same as in Experiment 1,

except that the final test consisted of a target recognition test.

Here, participants were asked to determine whether a target

word was presented at encoding by clicking Yes/No buttons

on the screen, using the mouse. Four practice trials were ad-

ministered first (using targets from the practice encoding tri-

als), followed by the 60 encoding phase targets and 60 novel

foils.

Results and discussion

On average, the participants guessed 4.22% (SEM = 0.87%) of

targets from related word pairs at encoding. These word pairs

were removed from further analysis. No targets from the un-

related condition were guessed.

On average, 89.33% (SEM = 1.49%) of foils were correctly

identified as novel in the target recognition test. Figure 2b

shows the percentage of correct responses (hits) to the remain-

ing (old) targets. There were significant main effects of

encoding condition, F (1, 29) = 81.15, p < .001, ηg
2 = .29,

and relatedness condition, F (1, 29) = 11.80, p = .002, ηg
2 =

.05, but no significant interaction,F (1, 29) = 1.28, p = .27, ηg
2

= .006. The Generate condition improved subsequent recog-

nition of both related, t (29) = 7.30, p < .001, dz = 1.33, BF10 =

295552.50, and unrelated, t (29) = 5.85, p < .001, dz = 1.07,

BF10 = 7869.44, word pairs. This finding – that guessing

improved target recognition memory for related and unrelated

pairs – contrasts with Experiment 1, where guessing only

improved cued recall for related word pairs.

Experiment 3

Experiments 1 and 2 suggest that pretesting improves memory

for unrelated pairs in tests of target recognition, but not cued
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recall. However, drawing strong conclusions across experi-

ments is difficult, particularly given the low level of recall

observed in Experiment 1. Experiment 3 therefore sought to

directly compare recognition and recall of targets from unre-

lated pairs in a single study, and to improve the observed level

of recall. Participants first studied related and unrelated word

pairs at encoding. Memory for half of the unrelated pairs was

then tested via a cued-recall test; the remaining unrelated pairs

were tested via a target recognition test.

Two additional changes were made to the procedure in

Experiment 3. The first was that we provided participants with

the first letter of the targets during the cued-recall test (cf.

Zawadzka & Hanczakowski, 2018), to improve overall recall

performance. Additionally, in the previous experiments, the

conditions were matched on target presentation time. The

Generate trials were consequently much longer than the

Read trials. In Experiment 3, we therefore matched the condi-

tions on total trial time instead.

Method

Participants, apparatus and materials Thirty-six participants

(19 males; age: 19–40 years, M = 24.64, SEM = 0.95) were

recruited from the University of Plymouth or the University of

Exeter for £4 each. The sample size provided 90% power to

detect a medium-sized interaction effect.

The experiment was presented on a desktop or laptop PC

(depending on experiment location). Thirty-eight unrelated

and 26 related word pairs were selected for presentation, using

the same criteria as the previous experiments. For each relat-

edness set, 24 pairs were presented at encoding, and a further

two pairs on practice trials. The targets from the remaining 12

unrelated pairs served as foils in the target recognition test.

Other aspects were as in Experiment 1.

Procedure The encoding and distractor phases were the same

as the previous experiments, except that the Read trials at

encoding lasted for 12 s (see Fig. 1), and the main encoding

phase consisted of 48 trials (24 Generate and 24 Read).

Related word pairs were presented on 12 trials in each

encoding condition; unrelated pairs were presented on the

remaining 12 trials. For each encoding condition (Generate/

Read), six unrelated pairs were randomly allocated to the tar-

get recognition test; the remaining six unrelated pairs were

allocated to the cued-recall test.

The test phase consisted of cued recall and target recogni-

tion trials, which followed the format of the test trials in

Experiments 1 and 2, respectively, except we provided the

Fig. 2 Results from all experiments. (a) Experiment 1: Mean percentage

of correctly recalled targets in the cued-recall test. (b) Experiment 2:

Mean percentage of correct responses (hits) to old targets in the target

recognition test. (c) Experiment 3: Mean percentage of correctly recalled

targets in the cued-recall test, and mean percentage of hits to old targets in

the target recognition test. Note that all tested word pairs were unrelated in

Experiment 3. Error bars represent difference-adjusted within-subject

95% confidence intervals (Baguley, 2012)
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first letter of the target on cued-recall trials. Both tests assessed

memory for just the unrelated word pairs. Two practice trials

from each trial type were administered first. The main test

consisted of 12 cued recall trials (six Generate and Read pairs

each), intermixed with 24 target recognition trials (six

Generate targets, six Read targets and 12 foils). Other aspects

were as in the previous experiments.

Results and discussion

On average, the participants guessed 6.71% (SEM = 1.14%) of

targets from related word pairs at encoding. No targets from

the unrelated condition were guessed. Since only unrelated

pairs were presented at test, no pairs were removed from the

test dataset.

On average, 87.04% (SEM = 1.95%) of foils were correctly

identified as novel in the target recognition test. Figure 2c

shows the percentage of correct responses (hits) for remaining

(old) targets in the recognition test, and correctly recalled tar-

gets in the cued-recall test. An encoding condition (Generate,

Read) × test format (cued recall, target recognition) ANOVA

revealed significant main effects of encoding condition, F (1,

35) = 10.00, p = .003, ηg
2 = .03, and test format, F (1, 35) =

132.94, p < .001, ηg
2 = .43, and a significant interaction, F (1,

35) = 8.19, p = .007, ηg
2 = .02. The Generate condition pro-

duced better subsequent target recognition than the Read con-

dition, t (35) = 4.75, p < .001, dz = 0.79, BF10 = 658.85. The

encoding conditions did not differ in cued recall, t (35) = 0.23,

p = 0.82, dz = 0.04, BF10 = 0.18. The results therefore replicate

the previous results; pretesting improved recognition but not

cued recall of targets from unrelated word pairs.

General discussion

Three experiments revealed differential effects of pretesting

on cued recall and target recognition. Relative to just studying

word pairs, pretesting improved subsequent recall of targets

from related, but not unrelated, word pairs. In tests of target

recognition, by contrast, pretesting improved memory for tar-

gets from all pairs.

Although we successfully replicated the selective-recall

pattern predicted by search set theory, the novel finding from

these experiments is that pretesting improved target recogni-

tion for both related and unrelated pairs. This pattern is

inconsistent with the prediction from search set theory, which

predicts that guessing should not lead to greater activation of

an unrelated target. Instead, this latter result accords with pre-

vious vocabulary learning experiments that observed benefits

of generating errors in target recognition tests (Potts et al.,

2019; Seabrooke et al., 2019a). Together, these results suggest

that search set theory has limitations in explaining the

pretesting effect.

Attentional accounts provide an alternative to search set

theory (e.g., Potts & Shanks, 2014; Zawadzka &

Hanczakowski, 2018). Such accounts suggest that pretesting

increases attention to the subsequent feedback (the target),

relative to study alone. Enhanced attention at encoding should

produce a richer memory trace and should, therefore, improve

subsequent recognition. There are several ways in which

pretesting could boost attention to corrective feedback. One

possibility is that incorrect guesses produce surprise when

corrective feedback is provided, which then boosts attention

to the target through an error-correction mechanism (although

see Zawadzka & Hanczakowski, 2018). Pretesting may alter-

natively improve attention to feedback by increasing motiva-

tion. Recent work has shown that, relative to study, pretesting

increases self-reported curiosity (Potts et al., 2019) and moti-

vation to learn an answer (Seabrooke, Mitchell, Wills, Waters,

& Hollins, 2019b). For the present purposes, we do not dis-

tinguish between the motivational and error-correction ac-

counts, but instead refer to them jointly as “attentional” theo-

ries of pretesting effects.

Attentional accounts predict that pretesting should improve

recognition of targets from both related and unrelated pairs,

because incorrect guesses that are followed by corrective feed-

back should trigger an error-correction mechanism and/or en-

hance motivation in both cases. Thus, unlike search set theory,

attentional accounts readily predict the observed recognition

benefits of pretesting for targets from both related and unre-

lated pairs.

Attentional accounts do, however, need to explain why

pretesting improves cued recall of related pairs only. One

possibility is that there is a separate retrieval process that

boosts cued recall for just related pairs. Consider the example

where a participant incorrectly guesses the target for the cue

pond, either when the actual target is related (frog) or unrelat-

ed (spanner). In a subsequent recognition test, we know that

participants will be more likely to correctly recognise both

frog and spanner than targets that they just studied. This does

not mean, however, that both targets will be equally accessible

from the cue pond (Bjork & Bjork, 1992). What is accessible

in cued recall is driven by many factors, including the prior

semantic associates to the cue. When a participant has no

episodic recollection of the target for a given cue, they may

generate semantic associates of that cue. When faced with the

cue pond, for instance, they may generate the semantically

related item frog. By contrast, they will be much less likely

to generate the unrelated item spanner. Moreover, if frog is

generated, we know it is likely be recognised and thus partic-

ipants will be even more likely to choose that correct answer.

The same argument applies to Zawadzka and Hanczakowski’s

(2018) result where, for example, arms-hug only benefitted

from guessing if the participant made the correct interpretation

of arms (e.g., if they guessed legs rather thanmissile). On test,

participants would be searching for semantic associates of
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arms, and they may once again interpret the word arms as a

body part rather than a weapon (and hence only body parts

would be generated as candidate targets at test).

To conclude, the present experiments observed a benefit of

pretesting over studying for related word pairs in both cued

recall and target recognition. For unrelated pairs, generating

errors also improved target recognition but not cued recall.

The results add to a growing literature suggesting that gener-

ating errors improves memory for targets from unrelated word

pairs. These findings are inconsistent with the idea that the

benefits of generating errors arise during encoding, through

a process of partial activation of the target when guessing.

Instead, the results suggest that pretesting enhances attention

to all targets, regardless of whether the cue and the target have

a pre-existing semantic relationship. Further, they suggest that

the differential effect of pretesting that is seen for related and

unrelated word pairs in cued recall is a retrieval-based mech-

anism, rather than one operating during the pretesting phase.

Here we propose one potential mechanism for this differential

effect, namely the use of pre-existing semantic associations to

support retrieval of related, but not unrelated, targets, but we

do not rule out the possibility that alternative retrieval-based

mechanisms may be able to account for this pattern.
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