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Abstract
Relative to reading silently, reading words aloud (a type of “production”) typically enhances item recognition, even when
production is manipulated between groups using pure lists. We investigated whether pure-list production also enhances memory
for various item details (i.e., source memory). Screen side (Experiment 1), font size (Experiment 2), or reading versus generating
from anagrams (Experiments 3–4) were the sources varied within-subject, and aloud versus silent reading was varied across
groups. Thus, the manipulation of source was apparent to participants, whereas the manipulation of production was not.
Traditional measures and multinomial modeling established that the aloud groups generally showed improved item
recognition—and showed improved source memory when steps were taken to enhance the salience of the source manipulation
(Experiment 4). In summary, reading an entire list of items improves item recognition and can also improve memory for some
types of source details.
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It would be ideal if encoding strategies enhanced memory
both for whether an item was studied (item recognition) and
for contextual details about the item and its encoding (source
memory; Johnson, Hashtroudi, & Lindsay, 1993). In reality,
however, item–context trade-offs often occur, such that pro-
cessing of the identity of items comes at the expense of pro-
cessing of item details and context (e.g., Mulligan, 2004). Our
study tested whether one encoding strategy that has recently
become of interest—and that has been found to robustly im-
prove item recognition—also improves source memory. This
encoding strategy is simply reading the items aloud during
study.

Reading aloud is among the simplest encoding strategies
learners can use to enhance later recognition. But until recent-
ly, it was largely overlooked by memory researchers.

MacLeod, Gopie, Hourihan, Neary, and Ozubko (2010)
remedied this oversight, and termed the memorial benefits of
reading aloud relative to reading silently the production effect.
Other effective forms of production include mouthing, spell-
ing, writing, and typing (e.g., Forrin, MacLeod, & Ozubko,
2012). There is now a substantial literature showing that pro-
duction reliably improves item recognition, at least within a
set of boundary conditions (for a brief review, see MacLeod &
Bodner, 2017). An important characteristic of the production
effect on item recognition (established only after MacLeod
et al.’s, 2010, initial delineation) is that it is not limited to
mixed-list designs—it also occurs in pure-list designs
(Bodner, Jamieson, Cormack, McDonald, & Bernstein,
2016; Bodner, Taikh, & Fawcett, 2014; Fawcett, 2013;
Fawcett & Ozubko, 2016; Forrin, Groot, & MacLeod, 2016;
Taikh & Bodner, 2016). This finding indicates that production
does not merely reflect trade-offs between encoding of the
aloud versus silent items within a list, it genuinely enhances
memory for the aloud items. This important characteristic of
the production effect helps to constrain potential accounts.

An early basis posited for the production effect is that pro-
duced items stand out in memory as distinctive relative to
nonproduced items (Conway & Gathercole, 1987; MacLeod
et al., 2010). The pure-list production effect clearly challenges
relative distinctiveness as the sole basis of the production ef-
fect. Nevertheless, relative distinctiveness accounts for at least
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two key findings. First, relative distinctiveness can account for
why the production effect is typically larger within mixed lists
than across pure lists (see Fawcett, 2013; Forrin et al., 2016;
cf. Bodner et al., 2016). Second, it can account for the finding
that production increases both recollection and familiarity for
items in mixed lists (based on confidence ratings or
remember/know judgments), but increases only the familiarity
of items in pure lists (Fawcett & Ozubko, 2016). This pattern
supports a dual-process account of the production effect (see
also Ozubko et al., 2012a). The dual-process account’s expla-
nation for the pure-list effect is analogous to the memory-
strength account, which ascribes the pure-list effect to stron-
ger memory representations being formed for produced items
at encoding (Bodner & Taikh, 2012; Bodner et al., 2014;
Taikh & Bodner, 2016; cf. MacLeod et al., 2010; Ozubko &
MacLeod, 2010). Because our study focuses on pure-list pro-
duction, we jointly refer to these variants as the strength
account.

Alternatively, the pure-list effect may be due to applica-
tion of a global strategic decision-based process adopted
during the recognition test. By a distinctiveness-heuristic
account, participants base their recognition decisions on
whether they can recollect having produced the items dur-
ing encoding. This account has often been used to explain
how distinctive encoding tasks reduce the Deese–
Roediger–McDermott (DRM) associative-memory illusion
(e.g., Dodson & Schacter, 2001; for a review, see Huff,
Bodner, & Fawcett, 2015). Participants are said to apply
a decision rule of the form “if I can recollect X, then the
item must have been studied, otherwise it must be new”, or
at least they behave as though they have applied an explicit
rule (see Taikh & Bodner, 2016).

To distinguish strength and distinctiveness-heuristic ac-
counts of the pure-list production effect, Taikh and Bodner
(2016) gauged whether the pure-list effect survived when at-
tempts were made to minimize use of a distinctiveness heuris-
tic. To this end, across study trials, the pure-aloud and pure-
silent groups experienced a salient within-subjects source ma-
nipulation of either font size (small vs. large), generation (gen-
erate vs. read), or imagery (imagine referent vs. imagine up-
percase). In this design, the source manipulations were salient
to participants, whereas the production manipulation was not.
Taikh and Bodner reasoned that the aloud groups would there-
fore bemore likely to form a distinctiveness heuristic based on
the salient source dimension than based on the nonsalient
production dimension. If so, then the pure-list production ef-
fect should be eliminated. The results were mixed. Consistent
with the strength account, the pure-list production effect
persisted with font size and generation manipulations. But,
consistent with the distinctiveness-heuristic account, the
pure-list production effect was eliminated when the within-
subjects factor was imagery. Thus, the pure-list production
effect appears to have multiple bases.

Importantly for present purposes, although Taikh and
Bodner (2016) collected old/new recognition judgments, they
did not collect source judgments about item details (e.g.,
whether a recognized word had been studied in a small or
large font). By doing so in the present study, we better tested
the distinctiveness and strength accounts. By the strength ac-
count, there is no reason to expect that strengthening the rep-
resentations of items through production should improve rec-
ollection of source information. It has been found that inten-
tional binding of item and source dimensions at encoding can
lead to accurate familiarity-based source judgments (e.g.,
Addante, Ranganath, & Yonelinas, 2012; Diana, Yonelinas,
& Ranganath, 2008), but our paradigm did not involve “unit-
izing” the production task with the source dimensions. In con-
trast, if pure-list production enhances item recollection and/or
reliance on a recollection-based distinctiveness heuristic, then
source judgment accuracy might be higher in the aloud
groups. If production facilitates access to encoding episodes,
it might in turn facilitate source decisions about item details
such as font size. Consistent with this possibility, studies have
found evidence that episodic details about items and contexts
can be bound together at encoding (Boywitt & Meiser, 2012a,
2012b; Meiser & Bröder, 2002; Starns & Hicks, 2005).

Only a few studies have examined how production affects
source memory (Conway & Gathercole, 1987; Gathercole &
Conway, 1988; Ozubko, Gopie, &MacLeod, 2012b; Ozubko,
Major, & MacLeod, 2014)—and all of these studies used a
mixed-list design with source judgments about the production
factor itself (i.e., silent vs. aloud). In these studies, source
accuracy was greater for aloud than for silent items.
However, the effects of encoding tasks on item recognition
and source memory may be confounded (see Murnane &
Bayan, 1996), such that greater item recognition drives greater
source accuracy. Furthermore, where memory strength is
known to differ across source options, as in the case of aloud
versus silent encoding, accurate source judgments might be
made on the basis of item familiarity or strength rather than
recollection. To address this issue, Ozubko et al. (2014,
Experiment 3) used Batchelder and Riefer’s (1990)
multinomial-model approach to generate independent param-
eter estimates of item recognition, source memory, and re-
sponse bias. Source memory was more accurate for aloud than
silent items even when the strength of aloud and silent items
was matched (via repetition of silent items). This finding is
consistent with mixed-list production enhancing relative dis-
tinctiveness (e.g., MacLeod et al., 2010) and/or recollection
(Fawcett & Ozubko, 2016), but it does not speak to the role of
recollection in the pure-list production effect.

The effects of other encoding strategies on source memory
have been studied. Mulligan (2004) compared the effects of
reading versus generating items via cues (e.g., open–c____;
close) on memory for extrinsic versus intrinsic item details
(i.e., details that are part of the item’s context vs. perceptual
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details about the items themselves). Generation improved item
recognition (i.e., the generation effect; Slamecka & Graf,
1978), but did not improve source memory for extrinsic item
details (left vs. right screen side, background color, cue-word
color). In contrast, generation impaired source memory for an
intrinsic item detail (font color). This dissociation between
item recognition and source memory held whether generation
was varied within or between subjects. Mulligan interpreted
this pattern using a processing account in which generation
impairs perceptual encoding of items, but has no influence on
the encoding of extrinsic/context information. A host of stud-
ies have since debated the robustness of this account (vs. other
accounts, such as an item–context trade-off account) as a func-
tion of various encoding and retrieval conditions (McCurdy,
Leach, & Leshikar, 2017; Mulligan, 2011; Mulligan, Lozito,
& Rosner, 2006; Nieznański, 2011, 2012, 2014; Overman,
Richard, & Stephens, 2017; Riefer, Chien, & Reimer, 2007).
Importantly, unlike for generation (in which the item is not
presented), production would not be expected to lead to im-
paired perceptual processing during encoding.

The benefit of survival-related processing of items (vs. a
control task) on memory in a mixed list has also been shown
to extend to source memory about the encoding task
(Kroneisen & Bell, 2018; Misirlisoy, Tanyas, & Atalay,
2019). Whether survival processing enhances source memory
for item details, and whether it does so in a pure-list design,
have not yet been explored. As a third example, Wammes
et al. (2018) foundmixed evidence that the memory advantage
from drawing (vs. writing) items at study in a mixed-list de-
sign extended to source memory for the encoding task.

In sum, our experiments are the first to examine whether
reading an entire list of items aloud enhances memory for
source details. In Experiment 1, the source dimension was
screen side, an extrinsic item detail (Mulligan 2004, 2011;
cf. Mather, 2007). In Experiment 2, we varied font size, an
intrinsic item detail. In Experiments 3 and 4, we varied gen-
eration, an extrinsic processing-related detail. We report both
measure-based analyses of item recognition and source mem-
ory and multinomial-model-based analyses. We expected to
replicate the pure-list production effect on item recognition.
Enhanced source memory for item details would suggest that
production may sponsor use of a recollection-based distinc-
tiveness heuristic, whereas enhanced source memory would
not be expected if production merely strengthens items’ rep-
resentations in memory.

Experiment 1: Screen side

In Experiment 1, the within-subjects source factor was left
versus right screen side at study (e.g., Mulligan, 2004).
Separate groups read all of the study list words aloud or si-
lently. At test, half made only recognition judgments (as in

Taikh & Bodner, 2016), and half made recognition and source
judgments indicating which screen side recognized words had
appeared on at study. Thus, we used a 2 (production: silent vs.
aloud) × 2 (test type: no-source vs. source) × 2 (source: left vs.
right) design; production and test type were varied between
groups, and screen side was varied within each group. Test
type was included in Experiment 1 to test whether making
source judgments influences the pure-list production effect
on recognition. For example, production might lead the aloud
group to focus on trying to recollect screen side rather than
production at test, which might reduce the pure-list production
effect (see Taikh & Bodner, 2016). On the other hand, if the
pure-list production effect simply increases item strength
(Fawcett & Ozubko, 2016), then the effect should be similar
in the source and no-source groups.

Method

Participants University of Calgary undergraduates participat-
ed for course credit in one of Experiments 1–4a. Participants
in Experiment 1 were randomly assigned to the no-source/
silent, no-source/aloud, source/silent, or source/aloud group
(32 per group). A sensitivity analysis using G*POWER
(Erdfelder, Faul, & Buchner, 1996), indicated that this sample
size had sufficient power (.80) to detect medium-sized or larg-
er effects (Cohen’s d > .48) for main effects and interactions.

Stimuli and design The stimuli were 100 nouns, 5–8 letters in
length, used previously (e.g., Taikh & Bodner, 2016), which
were split into four sets. At study, one set was shown on the
left and another on the right, randomlymixed. At test, these 50
studied words were randomly mixed, with the remaining 50
words serving as lures. Set assignment was counterbalanced.

Procedure The procedure followed Taikh and Bodner (2016),
except (1) the source manipulation was screen side (after
Mulligan, 2004), and (2) the source groups made source judg-
ments. Participants were tested individually in lab via com-
puter with the experimenter present. They were asked to study
a list of words for an unspecified memory test. They were not
asked to encode screen side. Each study list word was present-
ed for 2 s, in black 36-point Arial font, on either the left or
right side of the screen, followed by a .5-s blank screen. The
aloud group read each word aloud, and the silent group read
each word silently without mouthing/whispering. The test
phase immediately followed. Words were presented individu-
ally in the center of the screen in black 36-point Arial font,
along with the cues OLD and NEW. Via key press, partici-
pants indicated whether the word was old or new. In the source
groups, when a word was deemed old, the cues LEFT and
RIGHT then appeared on the screen and participants indicated
via key press whether the word had appeared on the left or
right side of the screen at study (guessing if necessary).
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Results

Measure-based analyses of item recognition and source
memory For significant comparisons, partial eta-squared
(ηp

2) is reported as a measure of effect size for analyses of
variance (ANOVAs) and Cohen’s d for t tests. All nonsignif-
icant comparisons were further tested using a Bayesian esti-
mate of the strength of evidence supporting the null hypothe-
sis (Masson, 2011; Wagenmakers, 2007). This analysis com-
pares a model that assumes an effect with a model that as-
sumes a null effect. The analysis produces a Bayesian estimate
termed pBIC (Bayesian information criterion), which is the
probability that a null effect is retained. The pBIC estimate is
sensitive to sample size, thereby increasing confidence in null
effects reported. Our pBIC analysis therefore supplements null
effects found using traditional null-hypothesis-significance
testing.

We used d′, a signal-detection measure of discrimination,
for our measure-based analysis of whether production en-
hanced item recognition. Floor false alarms and ceiling hit
rates were adjusted using a 1/2N correction (Macmillan &
Creelman, 1991). Table 1 provides the mean hit and false-
alarm rates and d′s for each experiment. Mean d′was analyzed
using a 2 (production: silent vs. aloud) × 2 (test type: no-

source vs. source) × 2 (source: left vs. right) mixed-factor
ANOVA. As expected, there was a pure-list production effect,
reflecting better discrimination in the aloud (vs. silent) groups
(2.22 vs. 1.89), F(1, 124) = 6.58, MSE = 1.08, p = .01, ηp

2 =
.05. The test type effect reflected poorer discrimination in the
source (vs. no-source) groups (1.92 vs. 2.19), F(1, 124) =
4.30, MSE = 1.08, p = .04, ηp

2 = .03. Critically, the pure-list
production effect was of similar magnitude in the no-source
and source groups (F < 1, pBIC = .88). Thus, the addition of
source judgments did not influence the pure-list production
effect. Discrimination was not significantly different for words
presented on the left versus right side of the screen (2.09 vs.
2.02), F(1, 124) = 3.21, MSE = 0.12, p = .08, ηp

2 = .03. The
other interactions were not significant (Fs < 1.79; ps > .19;
pBICs > .82).

Figure 1 provides the mean proportion of each source judg-
ment for each item type. For our measure-based analysis of
whether production enhances source memory, following
Mulligan (2004), an identification-of-origin (IO) score was
calculated for each participant in the source groups by divid-
ing the number of correct source judgments for studied words
by the number of correctly recognized words. Table 2 pro-
vides the mean source accuracy for aloud and silent source
groups for each experiment. Accuracy was above chance (.5)

Table 1. Experiments 1–4b: Mean (±95% CI) proportions of hits, false alarms, and discrimination (d′)

Experiment/group/source Hits False alarms Discrimination (d′)

Silent Aloud Silent Aloud Silent Aloud

Exp. 1: Screen side

No-source group

Left .76 (.06) .77 (.06) .14 (.04) .09 (.02) 2.04 (.29) 2.41 (.25)

Right .71 (.06) .78 (.06) .14 (.04) .09 (.02) 1.88 (.31) 2.43 (.27)

Source group

Left .68 (.08) .72 (.04) .13 (.04) .10 (04) 1.87 (.27) 2.06 (.22)

Right .64 (.08) .71 (.04) .13 (.04) .10 (04) 1.76 (.29) 2.00 (.18)

Exp. 2: Font size

Small .64 (.06) .71 (.06) .12 (.02) .11 (.04) 1.73 (.24) 2.06 (.25)

Large .69 (.06) .70 (.06) .12 (.02) .11 (.04) 1.86 (.23) 2.12 (.29)

Exp. 3: Generation

Read .66 (.08) .71 (.06) .19 (.06) .15 (.04) 1.51 (.27) 1.78 (.24)

Generate .87 (.04) .92 (.02) .19 (.06) .15 (.04) 2.27 (.24) 2.70 (.25)

Exp. 4a: Enhanced generation

Read .56 (.06) .61 (.06) .17 (.04) .13 (.02) 1.20 (.20) 1.55 (.25)

Generate .88 (.04) .94 (.02) .17 (.04) .13 (.02) 2.42 (.25) 2.95 (.25)

Exp. 4b: Enhanced generation (replication)

Read .60 (.06) .66 (.06) .23 (.05) .15 (.04) 1.15 (.22) 1.63 (.23)

Generate .86 (.04) .93 (.03) .23 (.05) .15 (.04) 2.07 (.26) 2.77 (.25)

Note. The false-alarm rate for each group is repeated for both levels of the within-subjects factor to indicate that new items cannot be ascribed to these
levels given that they were not studied
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for both the aloud group, t(31) = 7.10, SEM = .02, p < .001, d
= 1.26, and the silent group, t(31) = 7.69, SEM = .02, p < .001,
d = 1.36, indicating reliable source memory for screen side.
However, memory for screen side was equivalent in the aloud
and silent groups (.64 vs. .66), thus production did not im-
prove memory for this item detail (t < 1, pBIC = .87).

Multinomial-model-based analyses of item recognition and
source memory Following studies of generation (e.g.,
Mulligan, 2004; Nieznański, 2011) and survival processing
(e.g., Kroneisen & Bell, 2018; Misirlisoy et al., 2019), we also
conducted multinomial-model-based analyses (Batchelder &
Riefer, 1990; Dodson, Prinzmetal, & Shimamura, 1998). This

Experiment 1: Screen Side Experiment 4A: Enhanced Generation

Experiment 2: Font Size Experiment 4B: Enhanced Generation

Experiment 3: Generation

Fig. 1 Mean proportion of source judgments (and 95% CI) by experiment, group, and item type (L/R = left/right; S/L = small/large; Gen = generate)

Table 2. Experiments 1–4b: Mean (± 95% CI) identification-of-origin
(IO) proportion correct

Group

Experiment Silent Aloud

Exp. 1: Screen Side .66 (.04) .64 (.04)

Exp. 2: Font Size .63 (.04) .65 (.04)

Exp. 3: Generation .81 (.04) .82 (.04)

Exp. 4a: Enhanced generation .75 (.04) .82 (.04)

Exp. 4b: Enhanced generation (replication) .72 (.05) .78 (.04)
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approach allowed estimation of separate parameters associat-
ed with item recognition and source memory, while isolating
potential response biases in recognition and source judgments.
This approach overcomes a known issue with the IO and other
typical source measures, namely their confounding of item
recognition and source memory (see Murnane & Bayan,
1996).

Parameter processing trees used in the multinomial-model
analyses followed Dodson et al. (1998) and are shown in
Table 3. During the test phase, participants shown a studied
word either recognize the word (parameters D1 and D2) or not
(1 −D1 orD2). If they recognize it, they then either identify its
source (parameters d1 and d2) or not (1 − d1 or d2). If they fail
to identify its source, they will have a certain bias to guess
Source 1 (parameter a) over Source 2 (1 − a). Whenever they
fail to recognize the word (or if the word is new), they will
have a certain bias to guess that it is old (parameter b) over
new (1 − b). If they guess that it is old, then will have a certain
bias to guess Source 1 (parameter g) over Source 2 (1 − g).
Otherwise, the item is deemed new. As outlined in Dodson
et al. (1998), this model allows source-judgment biases to
differ when recognition succeeds (parameter a) versus when
recognition fails but the person guesses that the word is old
(parameter g). In total, the aloud and silent groups each had
seven parameters: two for item recognition for items from
each source (D1 and D2), two for source memory for items

from each source (d1 and d2), and three for the response biases
described above (a, g, b).

The fit of this model to the response frequency data
for the source judgment responses is shown in the right
column of Table 3. As detailed in Dodson et al. (1998),
fits were determined using the Solver function in
Microsoft Excel and assessed using G2 (the log-
likelihood ratio statistic) as a goodness-of-fit measure.
Under the assumption that item recognition was similar
for the left and right screen side items, we constrained
D1 = D2 in each group (i.e., aloud, silent). We also
assumed that source memory would be similar for left
and right items, so we constrained d1 = d2. We also
assumed that the bias toward Source 1 (here, left side;
see Table 1) would be similar whether the item was
recognized or not, so we constrained a = g in each
group. This model, with eight free parameters, fit the
data, G2(8) = 7.79 < chi-squared critical value 11.07.

We next tested two restricted versions of this model, which
we dub the base model, as outlined in Table 4. First, we tested
whether the model fit under the additional assumption that
there was no production effect on item recognition (NoPE-R
model column in Table 4), by constraining item recognition
parameters in the aloud group to equal those in the silent
group. The NoPE-R model, with seven free parameters, failed
to fit the data, G2(7) = 19.40 > critical value 12.49. Thus,
consistent with the d′ measure-based analyses, the model-
based analyses indicated a production effect on item recogni-
tion. Second, we tested whether the model fit under the as-
sumption that there was no production effect on source mem-
ory (NoPE-S model column in Table 4), by constraining the
source memory parameters in the aloud group to equal those
in the silent group. The NoPE-S model, with seven free pa-
rameters, fit the data, G2(7) = 9.43 < critical value 12.59, and
fit as well as the base model. Thus, consistent with the IO
measure, the model-based approach indicated that there was
a pure-list production effect on item recognition, but not on
source memory.

Discussion

Both measure-based and model-based analyses indicated that
pure-list production enhanced item recognition (e.g., Taikh &
Bodner, 2016), but did not enhance source memory for screen
side. This pattern was also obtained for location judgments by
Mulligan (2004, Experiment 4) when generation was manip-
ulated between groups. Requiring a source judgment reduced
recognition discrimination (cf. Mulligan, Besken, & Peterson,
2010), but, importantly, the production effect on item recog-
nition was similar whether or not source judgments were
made.

The null effect of pure-list production on source memory
fits with Fawcett and Ozubko’s (2016) claim that pure-list

Table 3. Multinomial model of source judgments

Item type Parameter trees Source judgment response

Source 1 D1 • d1 “Source 1”

D1 • (1− d1) • g “Source 1”

D1 • (1 − d1) • (1 − g) “Source 2”

(1 − D1) • b • g “Source 1”

(1 − D1) • b • (1 − g) “Source 2”

(1 − D1) • (1 − b) “New”

Source 2 D2 • d2 “Source 2”

D2 • (1 − d2) • g “Source 2”

D2 • (1 − d2) • (1 − g) “Source 1”

(1 − D2) • b • g “Source 2”

(1 − D2) • b • (1 − g) “Source 1”

(1 − D2) • (1 − b) “New”

New b • g “Source 1”

b • (1 − g) “Source 2”

1 − b “New”

Note. The model structure was identical for the aloud and silent groups.
D1/D2 = probability of recognition of items from Source 1 and Source 2;
d1/d2 = probability of source memory for items from Source 1 and Source
2; a = probability of guessing Source 1 when item recognition occurs; g =
probability of guessing Source 1 when item recognition fails; b = proba-
bility of responding old when item recognition fails. See text, Dodson
et al. (1998), and Batchelder and Riefer (1990) for details
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production increases item familiarity, but not recollection. If
recollection of encoding episodes had been enhanced in the
aloud group, and if those episodes had bound together item
and context information, then this group might have better
recollected screen side (e.g., Boywitt and Meiser, 2012a, b;
Meiser & Bröder, 2002). This was not the case.

Experiment 2: Font size

Experiments 2–4 provided additional tests of the influence of
pure-list production on item recognition and source memory.
In Experiment 2, at study, half the words were presented in a
small font and half in a large font (after Taikh&Bodner, 2016,
Experiment 1). Font size can be considered an intrinsic item
detail. Mulligan (2004, Experiment 3) found that pure-list
generation impaired memory for a similar intrinsic item detail,
font color, consistent with generation favoring item encoding
over context encoding. If reading aloud also favors item

encoding over context encoding, then memory for font size
might be worse in the aloud group. On the other hand, if the
aloud group adopts a recollection-based distinctiveness heu-
ristic at test, it might show improved memory for font size.
Finally, if the pure-list production effect is driven solely by
increased item strength, then source accuracy should be equiv-
alent in the two groups.

Method

Participants were randomly assigned to the aloud or silent
group (32 per group). The method followed the source group
in Experiment 1, except as follows. At study, words appeared
in the center of the screen either in small font (25-point Times
New Roman) or large font (125-point Times New Roman). At
test, words appeared in 75-point Georgia font. For the source
judgment task, the cues SMALL and LARGE prompted par-
ticipants to indicate which font size the word had appeared in
at study.

Table 4. Experiments 1–4b: Parameter estimates, df, and fits for models assuming no production effect no-recognition (NoPE-R) or no-production
effect on source memory (NoPE-S)

Group/
parameter/
df − free/
Fit

Exp. 1:
Screen side

Exp. 2:
Font size

Exp. 3: Generation Exp. 4a:
Enhanced gen.

Exp. 4b:
Enhanced gen.
(replication)

NoPE-R
model

NoPE-S
model

NoPE-R
model

NoPE-S
model

NoPE-R
model

NoPE-S
model

NoPE-R
model

NoPE-S
model

NoPE-
R
model

NoPe-
S
model

Silent group

D1 .65a .61a .65a .62a .62a .59 .51a .47 .53a .46

D2 .65a .61a .65a .62a .87b .84 .89b .85 .87b .81

d1 .35b .32b .28b .31b .67c .66a .54c .61a .45c .53a

d2 .35b .32b .28b .31b .67c .66a .54c .61a .45c .53a

a .48c .48c .44 .44 .65 .65 .57 .60 .43 .44

g .48c .48c .71 .71 .71 .71 .69 .68 .65 .64

b .13 .13 .11 .12 .18 .19 .16 .17 .22 .24

Aloud group

D1 .65a .68d .65a .69c .62a .65 .51a .55 .53a .59

D2 .65a .68d .65a .69c .87b .90 .89b .93 .87b .92

d1 .30d .32b .33c .31b .66d .66a .66c .61a .58c .53a

d2 .30d .32b .33c .31b .66d .66a .66c .61a .58c .53a

a .50e .50e .48 .49 .48 .48 .48 .46 .40 .39

g .50e .50e .60 .60 .66 .66 .73 .74 .61 .61

b .11 .10 .11 .10 .16 .15 .13 .13 .16 .15

df − free 6 6 4 4 3 2 3 2 3 2

G2 19.40* 9.43 18.75* 6.61 15.89* 0.56 23.98* 7.49* 40.80* 7.83*

Note. Parameters constrained to be equal in a givenmodel share a superscript.D1/D2 = item recognition parameters for items fromSource 1 and Source 2;
d1/d2 = source memory parameters for items from Source 1 and Source 2; a = guessing bias toward Source 1 when item recognition occurs; g = guessing
bias toward Source 1 when item recognition fails; b = bias toward responding old when item recognition fails; df − free = model df − number of free
parameters in model = df for critical value. See text, Dodson et al. (1998), and Batchelder and Riefer (1990) for details. * =G2 > critical value, indicating
that the model did not fit the data
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Results

Measure-based analyses of item recognition and source
memory Taikh and Bodner (2016, Experiment 1) found sig-
nificantly higher d′ in the aloud group than in the silent group
(2.20 vs. 1.78); here, the pure-list production effect was of
similar magnitude, but was marginal (2.09 vs. 1.79;
Table 1), F(1, 62) = 2.99, MSE = .92, p = .09, ηp

2 = .05,
pBIC = .64. Discrimination was not significantly greater for
large (vs. small) font items (1.99 vs. 1.89), F(1, 62) = 3.41,
MSE = .09, p = .07, ηp

2 = .05, pBIC = .59, consistent with other
findings (Castel & Rhodes, 2008; McDonough & Gallo,
2012; Mueller, Dunlosky, Tauber, & Rhodes, 2014). The in-
teraction was not significant (F < 1, pBIC = .87).

For source memory (see Table 2), font size judgments were
above chance for both the aloud group, t(31) = 6.34, SEM =
.01, d = 1.12, and the silent group, t(31) = 5.43, SEM = .02, p <
.001, d = 0.96, but was again equivalent in the aloud and silent
groups (.65 vs. .63; t < 1, pBIC = .88).

Multinomial-model-based analyses of item recognition and
source memory Following Experiment 1, we first established
a suitable base model. Given that item recognition was not
significantly different for small and large fonts, we again
constrained D1 = D2 in each group. We also assumed that
source memory would be similar for small and large font, so
we constrained d1 = d2. We initially assumed that the bias
toward Source 1 (here, small font; see Table 1) would be
similar whether the item was recognized or not, by
constraining a = g in each group. However, the model did
not fit the data with this assumption in place. Instead, as
shown in Table 4, the bias to guess that the word was in small
font was greater when recognition failed than when recogni-
tion occurred (i.e., g > a). Therefore, this constraint was re-
moved. The resulting base model, with 10 free parameters, fit
the data, G2(10) = 5.37 < critical value 7.82. We then tested
the two nested versions of this base model outlined in Table 4.
The NoPE-R model failed to fit the data, G2(9) = 18.75 >
critical value 9.49. Thus, although the production effect on d
′ was only marginal, a model assuming no production effect
on item recognition did not fit the data. The NoPE-S model,
on the other hand, did fit the data, G2(9) = 6.61, and did so as
well as the base model. Thus, consistent with the IO measure,
this model indicated that production did not enhance memory
for font size.

Discussion

Pure-list production did not enhance source memory for an
intrinsic item detail—font size. Using font color as the intrin-
sic item detail, Mulligan (2004, Experiment 3) found that
pure-list generation enhanced item recognition, but impaired
source memory. Production did not have the same negative

effect on source memory for an intrinsic item detail as gener-
ation, likely because items are presented equivalently (and
thus receive equivalent perceptual processing) in both silent
and aloud conditions. Experiments 3 and 4 provide additional
tests of whether production and generation are dissociable in
this respect. So far, our experiments have not yielded evidence
that reading aloud bolsters recollection of item details—
whereas the lack of improvement is consistent with pure-list
production selectively strengthening item memory.

Experiment 3: Generation

In Experiment 3, half the items at study were read intact and
half were generated via anagrams (after Taikh & Bodner,
2016, Experiment 3). Generation then served as the source
dimension at test. Unlike manipulations of intrinsic item de-
tails such as screen side, font size, or font color, generation is
well known to enhance memory relative to reading (for a
review, see Bertsch, Pesta, Wiscott, & McDaniel, 2007).
Taikh and Bodner found that pure-list production enhanced
item recognition similarly for read and generated items; addi-
tivity of production and generation effects has also been
shown in mixed-list designs (Forrin, Jonker, & MacLeod,
2014; MacLeod et al., 2010). Relative to screen side and font
size, generation was expected to be more recollectable, and
thus more likely to sponsor higher source accuracy. To the
extent that the aloud group in Experiment 3 experience and/
or rely more on recollection, this group might show greater
source memory. On the other hand, if pure-list production
enhances only item strength, then source memory should con-
tinue to be similar across groups. The latter prediction follows
given the noted additivity of production and generation.
Therefore, production was expected to strengthen generate
and read items equally, and was not expected to improve
source accuracy.

Method

Participants were randomly assigned to the aloud or silent
group (32 per group). The same method was used, except
generation was varied at study (as in Taikh & Bodner, 2016,
Experiment 3). Words were presented in 75-point Times New
Roman font at study and test. One set of words was presented
as anagrams in which the first and third letters were always
switched (generate items), and another set was presented in-
tact (read items). At study, participants were asked to read
each word and anagram solution (after switching the first
and the third letters) either aloud or silently. Participants could
request hints, but rarely did so. Following others (Forrin et al.,
2014; Taikh & Bodner, 2016), we assumed that the silent
group performed the generation task and thus that their gen-
eration effect would be comparable to that of the aloud group.
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To accommodate the anagram task, participants pressed the
space bar to advance to the next study item. At test, the cues
ANAGRAM and WORD prompted the source judgment.

Results

Measure-based analyses of item recognition and source
memory The pure-list production effect on item recognition
d′was significant (2.24 vs. 1.89),F(1, 62) = 4.48,MSE =.91, p
= .04, ηp

2 = .07.We also obtained a robust generation effect on
d′ (2.49 vs. 1.64), F(1, 62) = 125.46,MSE = .18, p < .001, ηp

2

= .67. The production effect was similar for read and generate
items, F(1, 62) = 1.15,MSE = .18, p = .29, pBIC = .82, for the
interaction (see Table 1).

As expected, source accuracy was higher here than in
Experiments 1 and 2 (see Table 2)—and well above chance
for both the aloud group, t(31) = 18.82, SEM = .02, p < .001, d
= 3.55, and the silent group, t(31) = 20.08, SEM = .02, p <
.001, d = 3.33. But source accuracy was again very similar for
the aloud and silent groups (.82 vs. .81; t < 1, pBIC = .89).
Thus, for the third time, pure-list production did not enhance
source memory.

Multinomial-model-based analyses of item recognition and
source memory The base model was similar to Experiment
2, except that, given the generation effect on item recognition,
the item recognition constraint D1 = D2 was removed in each
group to fit the data, G2(12) ≈ 0.00 < critical value 3.84 (see
Table 4). To test the NoPE-R model, we modified the base
model by settingD1 in the silent group equal toD1 in the aloud
group, and D2 in the silent group equal to D2 in the aloud
group. This model, which assumes no pure-list production
effect on item recognition, failed to fit the data, G2(10) =
15.89 > critical value 7.82. To test the fit of the NoPE-S mod-
el, the four source parameters were constrained to be equal.
Thismodel fit the data,G2(11) = 0.56 < critical value 5.99, and
fit it as well as the base model, indicating no pure-list produc-
tion effect on source memory.

Discussion

The production effect in item recognition persisted in the pres-
ence of a very effective generation manipulation; this additiv-
ity of production and generation replicates previous findings
(Forrin et al., 2014; Taikh & Bodner, 2016). Yet pure-list
production again failed to enhance source memory. If the
aloud group had adopted a recollection-based distinctiveness
heuristic, it did not render themmore likely to recollect wheth-
er items that they read aloud had been generated from an
anagram. Instead, so far, our results fit better with the claim
that production merely increases the familiarity of items,
which would not facilitate source judgments.

Experiment 4a: Enhanced generation

Using a within-subject manipulation of imagery, Taikh and
Bodner (2016) did not obtain a pure-list production effect on
recognition. They suggested that the aloud group based their
recognition decisions on whether they could recollect the
highly memorable imagery task, thus bypassing use of a
production-based distinctiveness heuristic or an evaluation
of memory strength. Experiment 4a posed two questions.
First, would an enhanced version of the generation task, like
an imagery task, also eliminate the pure-list production effect?
The generation task was augmented to provide participants
with more “recollective fodder” through two means: (1) vary-
ing the anagram solution rule at study, and (2) presenting all
test items as anagrams to remind participants of their previous
encounter with generate items (see MacLeod, Pottruff, Forrin,
& Masson, 2012). Second, would pure-list production im-
prove source memory for this “enhanced” version of the gen-
eration task?

Method

Participants were randomly assigned to either the aloud or
silent group (32 per group). The procedure followed
Experiment 3, except as follows. At study, half of the ana-
grams were presented with the second and fourth letters
switched—to make the generate task more varied relative to
Experiment 3. Participants could request hints, but rarely did
so. Second, all test items were presented as anagrams—to
increase the salience of the generation manipulation relative
to Experiment 3. At test, generate items were presented with
the same letter rearrangement that was used at study. Half of
the read items and lure items were presented with each type of
letter rearrangement at test, determined randomly. Participants
were not required to report the anagram solutions before mak-
ing their recognition decisions. We assumed that participants
generally solved the anagrams at test, but recognition deci-
sions for some generate items may have been based on recog-
nition of the anagrams themselves.

Results

Measure-based analyses of item recognition and source
memory Enhanced generation resulted in numerically higher
d' scores for generate items, but lower d' scores for read items,
relative to Experiment 3. The latter result might reflect the
mismatch in presentation of the read items between encoding
(items shown as intact words) and retrieval (items shown as
anagrams). Alternatively, the focus on item-specific process-
ing for solving the anagrams may have spilled over to the read
items, resulting in impaired relational processing (see Huff
et al., 2015; Huff, Bodner, & Gretz, 2019). The pure-list pro-
duction effect on item recognition remained with enhanced
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generation (2.25 vs. 1.81),F(1, 62) = 8.24,MSE = .75, p < .01,
ηp

2 = .12. The generation effect was again robust (2.68 vs.
1.38), F(1, 62) = 298.21,MSE = .18, p < .001, ηp

2 = .83, and
the pure-list production effect was again similar for read and
generate items,F(1, 62) = 1.37,MSE = .18, p = .25, pBIC = .80,
for the interaction.

As in Experiment 3, source accuracy was well above chance
for both the aloud group, t(31) = 18.82, SEM = .02, d = 3.38,
and the silent group t(31) = 11.96, SEM = .02, p < .001, d =
2.11. Critically, unlike in Experiments 1–3, source accuracy
was reliably higher in the aloud group than in the silent group
(.82 vs. .75), t(61) = 2.35, SEM = .03, p = .02, d = 0.60,
indicating a pure-list production effect on source memory.

Multinomial-model-based analyses of item recognition and
source memory The Experiment 3 base model fit the data,
G2(12) ≈ 0.00 < critical value 3.84 (see Table 4). The NoPE-
R model failed to fit the data, G2(10) = 23.98 > critical value
7.82, in line with the pure-list production effect on item rec-
ognition. Unlike in Experiments 1–3, the NoPE-S model also
failed to fit the data, G2(11) = 7.49 > critical value 5.99, con-
sistent with the pure-list production effect on IO scores. In the
base model, the source memory parameters (i.e., for d1 = d2)
were higher in the aloud group than in the silent group (.66 vs.
.55), consistent with the pure-list production effect on the IO
scores; otherwise the basemodel parameters were very similar
to the Experiment 3 models in Table 4.

Discussion

Experiments 1–3 suggested that reading an entire list of words
aloud increases their strength, rather than leading to greater
use of a recollection-based strategy. Experiment 4a invites
more nuance, given that the enhanced generation manipula-
tion yielded a pure-list production effect both on item recog-
nition (cf. the imagery manipulation reported in Taikh &
Bodner, 2016) and source memory. When the two sources
differ sufficiently, it appears that production increases the abil-
ity to recollect distinctive source features, yielding a pure-list
production effect on source memory. Before further consider-
ing this possibility, we report an exact replication of
Experiment 4a.

Experiment 4b: Enhanced generation
(replication)

Method

University of Southern Mississippi undergraduates participat-
ed for course credit and were randomly assigned to either the
aloud or silent group (32 per group). Themethodwas identical
to Experiment 4a.

Results

Measure-based analyses of item recognition and source
memory Pure-list production improved item recognition
(2.20 vs. 1.61), F(1, 62) = 14.27, MSE = .78, p < .001, ηp

2 =
.19. The within-list generation effect was robust (2.42 vs.
1.30), F(1, 62) = 203.04, MSE = .17, p < .001, ηp

2 = .77,
and the pure-list production effect was similar for read and
generate items, F(1, 62) = 2.38, MSE = .17, p = .13, pBIC =
.71, for the interaction. Source IO scores were above chance
for both aloud, t(31) = 14.83, SEM = .02, p < .001, d = 3.71,
and silent groups, t(31) = 9.01, SEM = .02, p < .001, d = 2.25,
and critically, were greater in the aloud versus silent group
(.78 vs. .72), t(61) = 2.04, SEM = .03, p < .05, d = 0.52.

Multinomial-model-based analyses of item recognition and
sourcememoryThe Experiments 3–4a basemodel fit the data,
G2(12) ≈ 0.00 < critical value 3.84 (see Table 4). The NoPE-R
model failed to fit the data, G2(10) = 40.80 > critical value
7.82, in line with the pure-list production effect on item rec-
ognition. The NoPE-S model also failed to fit the data, G2(11)
= 7.83 > critical value 5.99, consistent with the pure-list pro-
duction effect on source memory. Base model source param-
eters (i.e., for d1 = d2) were again greater in the aloud group
than in the silent group (.57 vs. .46), consistent with the IO
scores.

Discussion

Experiment 4b fully replicated Experiment 4a using the same
method but a different participant sample. Critically, the aloud
group again showed more accurate source memory for the
enhanced generation factor. Thus, it appears that production
can enhance source memory for item details if these details are
sufficiently recollectable at test.

General discussion

Building on recent interest in the memorial consequences of
reading aloud (MacLeod & Bodner, 2017), we examined
whether reading a list of words aloud enhances source mem-
ory for item details. By a strength account of the pure-list
production effect, reading aloud should make all test items
more familiar, but this should not facilitate making more ac-
curate source judgments. In contrast, if reading an entire list of
items aloud leads participants to adopt a recollection-based
distinctiveness heuristic at test, then enhanced recollection of
the encoding episode may help bring other aspects of the
encoding experience to mind—thereby facilitating source
memory (e.g., Boywitt and Meiser, 2012a, b; Meiser &
Bröder, 2002). Pure-list production typically enhanced item
recognition, replicating prior findings (Bodner et al., 2014;
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Bodner et al., 2016; Fawcett, 2013; Fawcett & Ozubko, 2016;
Forrin et al., 2016; Taikh & Bodner, 2016). Moreover, consis-
tent with the strength account, pure-list production did not
improve source memory in Experiments 1–3. However, con-
sistent with the distinctiveness account, the aloud group
showed higher source accuracy for our enhanced generation
manipulation in Experiment 4a (replicated in 4b).

Experiments 1–3 suggest that reading aloud does not gener-
ally enhance the ability to recollect aspects of the encoding event
such as the location of the items or their size, or whether they
had been read intact or generated from anagrams (under some
circumstances; cf. Experiments 4a–4b). Whether this is true of
other encoding strategies, such as survival-related processing
and drawing, remains an important question—to date, studies
have only examined source judgments about the encoding tasks
themselves (Kroneisen & Bell, 2018; Misirlisoy et al., 2019;
Wammes et al., 2018). The benefits of drawing items, which
may be considered a form of production, have been attributed
to the “seamless integration of elaborative, motoric, and pictorial
components of a memory trace” (Fernandes, Wammes, &
Meade, 2018, p. 304). By this integrated-trace hypothesis, the
act of drawing binds together the meaning of the item, what it
looks like, and how the drawingwas rendered by hand.Whether
memory for item details is bound with these component pro-
cesses at encoding remains to be tested.

Generation has variously been found to lead to better or
worse memory for item details, or to have no effect, depending
on aspects of the task and materials (Mulligan, 2004, 2011;
Mulligan et al., 2006; Nieznański, 2011, 2012; Riefer et al.,
2007). In contrast, our experiments provided no indication
that production disrupts memory for item details. Production
does not appear to induce a trade-off between encoding of the
items and encoding of their details or contextual elements,
perhaps because—unlike for generation—items are presented
identically whether they are read aloud or silently. Thus, al-
though production and generation have similarities, our find-
ings echo others in suggesting that the two encoding strategies
differ (e.g., Forrin, Jonker, &MacLeod, 2014; MacLeod et al.,
2010).

Experiments 4a and 4b add an important caveat. Here, with
an “enhanced generation” manipulation, the aloud groups
showed improved sourcememory for whether words had been
read or generated at study. This condition involved presenting
a greater variety of anagram types at encoding and then re-
presenting the anagrams at test. We suggest that these changes
facilitated recollection of the encoding episodes in the aloud
groups, enabling them to recollect whether they had read the
item or solved an anagram of it at study (Boywitt & Meiser,
2012a, 2012b; Meiser & Bröder, 2002; Starns &Hicks, 2005).
Recently, Hourihan and Churchill (2020) reported that pro-
duction of labels for pictures of objects enhanced both item
recognition and memory for item details. Specifically, partic-
ipants could better discriminate which exemplars of the same

object type (e.g., a potted cactus) they had studied if they had
said the object name aloud rather than silently at study.
Whether a pure-list manipulation of production would en-
hance item and source memory for pictures remains to be
tested. Taken together, there are indications that production
may help bind together aspects of one’s encoding experiences,
in line with the integrated-trace account of the drawing effect
(Fernandes et al., 2018). Certainly, this possibility is worthy of
further attention.

The improved item recognition in the aloud groups in our
experiments was always similar for both levels of our within-
subjects factors (see also Forrin et al., 2014; MacLeod et al.,
2010). This additivity is important. If the benefits of reading
aloud on recognition had interacted with the within-subject
factors, then participants would potentially have been able to
base their source judgments on strength differences between
the two levels. For example, had production strengthened
memory more for generate items than for read items, then
accurate source judgments could have been made by classify-
ing stronger memories as “anagram” and weaker memories as
“read” (see Ozubko et al., 2014). The observed additivity
removes this potential concern.

Previous studies of the influence of production on source
memory have shown that people are more likely to remember
the source or “input modality” for words that were read aloud
than for words that were read silently (Conway & Gathercole,
1987; Gathercole & Conway, 1988; Ozubko et al., 2012a;
Ozubko et al., 2014), suggesting that production increases
the distinctiveness of items in memory. However, in these
studies, the production effect on item recognition may have
boosted the production effect on modality judgments, due to
the confounding of item and source memory in basic IO type
source measures (Murnane & Bayan, 1996). Using a
multinomial-modeling approach to generate independent
measures of item and source memory, Pereira, Sampaio, and
Pinheiro (2019) failed to find enhanced source memory judg-
ments about production in a mixed-list design. The re-
searchers noted several methodological details that may ex-
plain why they did not replicate Ozubko et al.’s (2014) source
memory advantage for aloud items. An additional possibility
is that Pereira et al.’s (2019) within-subjects manipulation of
positive, negative, and neutral valence words may have drawn
attention away from the production manipulation at encoding,
thereby weakening its effect on source memory. Consistent
with this possibility, literature reviewed in Pereira et al. shows
that source memory either is not affected or is impaired for
items of emotional valence relative to neutral items. However,
if the production effect on source memory for input modality
proves to be unreliable, then Fawcett and Ozubko’s (2016)
claim that production boosts recollection in a mixed-list de-
sign may need to be qualified. Further tests of whether mixed-
list production enhances sourcememory for encoding task and
item details, such as those that we tested here, are warranted.

1291Mem Cogn (2020) 48:1281–1294



Another important question for future research to address is
whether encoding strategies can selectively enhance source
memory without improving item recognition. To the extent
that item and source memory are deemed to reflect distinct
processes (e.g., Yonelinas, 2002), it may be possible to show
an influence of an encoding manipulation on source memory
in the absence of an influence of itemmemory (e.g., Kurilla &
Westerman, 2010). In support of that possibility, theta entrain-
ment following a study phase has been found to enhance
source memory without improving item recognition
(Roberts, Clarke, Addante, & Ranganath, 2018).

Limits on the effectiveness of production for enhancing
source memory join other potential boundary conditions on
the utility of a production strategy. For one, there is no evi-
dence that production enhances implicit memory (cf.
MacLeod et al., 2010; see also Forrin, MacLeod, & Ozubko,
2012), although this should occur if production increases item
strength. For another, Hourihan and Smith (2016) did not find
that production of names enhanced people’s ability to learn
face-name associations—perhaps because the face, which
serves as the test cue, was not the item produced at study.
Most strikingly, production does not seem to improve free
recall: The pure-list effect is generally absent, and the
mixed-list effect reflects a cost to silent items rather than a
benefit to aloud items—consistent with an item-order account
(Forrin & MacLeod, 2016; Jones & Pyc, 2014; Jonker,
Levene, & MacLeod, 2014; Lambert, Bodner, & Taikh,
2016).

For every limitation, however, it seems that a new example
of the applied value of production is discovered. As examples,
production can improve memory for text (Ozubko et al.,
2012b), vocabulary learning (Rumbaugh & Landau, 2018),
and second-language learning (Hopman & MacDonald,
2018). For a simple strategy, there is complexity under the
hood. Pinpointing the “engines of production” will enable
researchers to identify and dial in other suitable applications
for this often-effective and easily implemented encoding
strategy.

Open practices statement The data and materials for all ex-
periments are available at https://osf.io/k73r4/
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