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Abstract

Drawing a referent of a to-be-remembered word often results in better recognition and recall of this word relative to a control
task in which the word is written, a pattern dubbed the drawing effect. Although this effect is not always found in pure lists,
we report three experiments in which the drawing effect emerged in both pure- and mixed-lists on recognition and recall tests,
though the effect was larger in mixed lists. Our experiments then compared drawing effects on memory between pure- and
mixed-list contexts to determine whether the larger mixed-list drawing effect reflected a benefit to draw items, a cost to write
items, or a combination. In delayed recognition and free-recall tests, a mixed-list benefit emerged for draw items in which
memory for mixed-list draw items was greater than pure-list draw items. This mixed-list drawing benefit was accompanied
by a mixed-list writing cost compared to pure-list write items, indicating that the mixed-list drawing effect does not operate
cost-free. Our findings of a pure-list drawing effect are consistent with a memory strength account, however, the larger draw-
ing effect in mixed lists suggest that participants may also deploy a distinctiveness heuristic to aid retrieval of drawn items.
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Introduction

The method in which studied information is initially encoded
is critical for successful retrieval. For decades, memory
researchers have investigated effective methods to facilitate
long-term retention. Encoding strategies are often ascribed
to one of two categories — deep/elaborative tasks, which are
effective at improving retention, or shallow tasks, which are
less effective (Craik & Lockhart, 1972). One mechanism for
the benefit of elaborative encoding involves the recruitment
of additional semantic, motor, or perceptual features associ-
ated with to-be-remembered items that can serve as effec-
tive retrieval cues at test (McDaniel & Bugg, 2008). Indeed,
many of these elaborative tasks produce robust memory
improvements when compared to shallow tasks or more
“neutral” tasks such as intentional encoding without specific
task instructions (e.g., silent reading). Examples of elabora-
tive tasks include production (Conway & Gathercole, 1987;

< Mark J. Huff
mark.huff@usm.edu

The University of Southern Mississippi, 118 College Drive
#5025, Hattiesburg, MS 39406, USA

@ Springer

Hopkins & Edwards, 1972; MacLeod & Bodner, 2017),
enactment (Engelkamp & Krumnacker, 1980; Engelkamp &
Dehn, 2000; Roberts et al., 2022), generation (Bertsch et al.,
2007; Slamecka & Graf, 1978), survival processing (Nairne
et al., 2007), bizarreness (McDaniel & Einstein, 1986), and
drawing an image of a word’s referent versus writing (Fer-
nandes et al., 2018; Namias et al., 2022; Wammes et al.,
2016, 2017, 2018).

While the growing list of encoding tools that can improve
memory is important for both basic and applied practice,
a common feature of these encoding tasks is that the rela-
tive improvement is contextually moderated. Specifically,
presenting study items in a mixed-list context, in which
participants complete an elaborative task within the context
of a more impoverished task, often yields a larger memory
improvement for elaboratively encoded items compared
to when these tasks are placed in a pure-list context. For
instance, MacLeod et al. (2010) reported that correct recog-
nition was only reliably greater when production was com-
pleted in a mixed- than a pure-list context. A similar pattern
was also reported by Bodner et al. (2014), who reported a
larger difference in recognition discriminability for produced
(vs. silent) items in mixed than pure lists (cf. Fawcett, 2013).
In free recall, Jones and Pyc (2014) did not find a pure-list
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production effect, and Jonker et al. (2014) reported a dimin-
ished production effect for pure lists relative to mixed lists.

Outside of the production effect, differences in magni-
tude of the memory improvement between mixed- and pure-
list conditions are common. This design effect (McDaniel
et al., 1988) has been found using other deep encoding
tasks including the generation effect (Begg & Snider, 1987;
Bertsch et al., 2007; Slamecka & Graf, 1978) and studying
pictures versus words (Schacter et al., 1999). In a recent
meta-analysis, Huff et al. (2015) reported greater hit rates in
mixed lists than pure lists across several elaborative encod-
ing tasks including generation, production, picture encoding,
and unique font tasks, indicating that design effects are not
a biproduct of an individual task type and manifest more
broadly. Design effects have also been used as evidence for
different memory processes that contribute to benefits of
elaborative encoding. Specifically, in a mixed-list design,
elaborative encoding can result in the creation of distinctive
memory traces that participants can then use to monitor for
at test, allowing them to retrieve distinctive memory items
more effectively over non-distinctive memory items (e.g., a
distinctiveness heuristic; Schacter et al., 1999). Separately,
in pure-list designs, elaborative tasks lack a non-distinctive
comparison, thus any memory improvements would be
due to enhancement of the strength of the memory trace.
Instances in which both mixed-list and pure-list memory
improvements occur are interesting because they indicate
that elaborative encoding is enhancing both strength and dis-
tinctiveness, which can operate in tandem. For instance, an
elaborative task may enhance the strength of encoded items,
but when participants are presented with non-distinctive
items in mixed lists, they can also deploy a distinctiveness
heuristic at test.

Aside from test-based distinctiveness processes, design
effects may also suggest that participants use different encod-
ing processes in pure- and mixed-list contexts. MacLeod
et al. (2010) suggested that mixed-list production encoding
increases distinctive processing of aloud items because they
are contrasted to silently read words. Further, McDaniel and
Bugg (2008) suggested that this elaborative encoding con-
trast can produce a tradeoff between the encoding of distinc-
tive, item-specific information and encoding of relational
interitem associations. Specifically, elaborative tasks may
operate to strengthen encoding of individual items, but this
encoding comes at the expense of processing associations
between items, including serial order information that could
be used as a retrieval cue (see too, Hege & Dodson, 2004,
for a similar impoverished relational encoding account). In
mixed lists, relational encoding is more likely to become
disrupted because participants actively switch between two
encoding tasks. However, item-specific information will be
enhanced, leading to a greater memory difference between
elaborative and non-elaborative encoding tasks. In contrast,

pure lists that are studied using non-elaborative encod-
ing may benefit from relatively intact relational encoding
(because encoding tasks do not change), which reduces the
difference between the two encoding types.

Although elaborative encoding tasks are often simple
to deploy, the utility of these tasks can be accompanied by
both costs and benefits to memory due to tradeoffs in encod-
ing processes. A mixed-list benefit refers to higher memory
for items studied using an elaborative encoding task in a
mixed list compared to a pure list. A mixed-list cost refers
to lower memory for items studied using a non-elaborative
encoding task in a mixed-list compared to a pure-list context.
Using a production effect paradigm, Bodner et al. (2014)
compared recognition responses for items that were encoded
either aloud (i.e., elaborative) or silently in both mixed and
pure lists. Consistent with a design effect, a robust produc-
tion effect was found for mixed lists, and this difference
was greater than the production effect found for pure lists.
Importantly, when aloud and silent items were compared
across mixed and pure lists, hits were higher for aloud items
in mixed lists than pure lists — a mixed-list benefit — but hits
were lower for silent items in mixed lists than pure lists — a
mixed-list cost. This pattern is important because it indicates
that mixed-list production does not operate cost-free and
can produce a memory deficit for the impoverished silent
encoding task (see too, Begg & Roe, 1988; Slamecka &
Katsaiti, 1987, for design effects and mixed-list costs/ben-
efits in generation).

Akin to production and generation, the drawing effect
refers to a similar memory improvement in which drawing an
image of a word’s referent enhances memory relative to silent
reading or writing of a word (Fernandes et al., 2018; Namias
etal., 2022; Wammes et al., 2016). Drawing individual images
has been hypothesized to promote the processing of item-
specific information through three processes: Elaboration,
motor action, and pictorial processing (Fernandes et al.,
2018; Namias et al., 2022). These processes may produce
a concomitant reduction in relational/interitem associations
that may contribute to design effect costs and benefits in
production and generation. Consistent with this possibility,
Wammes et al. (2016; Experiments 6 and 7) compared two
pure-list groups who either drew images of a word’s referent
or wrote the word repeatedly for a similar study duration,
and a separate mixed-list group who completed both tasks
on the same list. A drawing effect on free recall emerged in
both pure-list and mixed-list comparisons, but the mixed-list
drawing effect was larger than the pure-list drawing effect,
consistent with previous design patterns.

More recently, Jonker et al. (2019) evaluated the design
effect between pure and mixed lists using study lists that
were either short (eight words) or long (20 or 34 words).
Drawing was compared to a silent-reading control task.
Mixed lists were again found to produce larger drawing
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effects than pure lists when lists were long, but a null and
even a reversed drawing effect was found on pure-short
lists. The authors attributed this reversed drawing effect to
greater memory for relational item-order information for
short lists as participants were better able to reconstruct the
list sequencing presented at study, which restricted memory
improvements due to drawing. Additionally, the authors
computed estimates of memory sequencing by comput-
ing interitem associations (likelihood of recalling words
that were presented consecutively at study) and recall dis-
tance (mean serial position distance between consecutively
recalled words). Memory sequencing was found to be greater
in pure silent reading lists, providing supportive evidence
that drawing, whether completed in a pure list or a mixed
list, disrupted memory sequencing information. This pat-
tern is consistent with the notion that drawing operates to
strengthen item-specific information but results in a decre-
ment to relational interitem information.

In the present study, we similarly examined the draw-
ing effect in pure- and mixed-list designs with the goal of
directly assessing the costs and benefits associated with
drawing in different contexts. We note that Wammes et al.
(2016) and Jonker et al. (2019) report discrepant findings
regarding a pure-list drawing effect. Specifically, Wammes
et al. reported a reliable pure-list drawing effect that was
smaller than the drawing effect found in mixed lists, but
Jonker et al. found no pure-list drawing effect in two experi-
ments and a reversed drawing effect in another. We further
test for the presence of a pure-list drawing effect across three
experiments in both recognition and recall but, given evi-
dence that the drawing effect is diminished in pure lists ver-
sus mixed lists, we test for the presence of mixed-list costs
and benefits by directly comparing draw and write items
between both designs.

The costs and benefits of drawing on mixed versus
pure lists have not yet been compared in the literature, but
researchers have examined costs and benefits in the gen-
eration and production effects. For example, Begg and col-
leagues examined whether the robust mixed-list generation
effect was due to a “true” benefit of generation (i.e., a benefit
of generation in a mixed list vs. a pure list) or due to a cost
to read items (i.e., a cost to reading intact items in a mixed
list vs. a pure list; Begg & Roe, 1988; Begg & Snider, 1987).
Begg and Snider argued that generation creates a memory
criterion of identifying memory items as independent enti-
ties. In a mixed-list context, this criterion can encourage cur-
sory encoding of read items (i.e., “lazy reading”) in which
identification of generate items is less effortful. Indeed, com-
parisons between mixed-list and pure-list contexts indicated
that the robust mixed-list generation effect reflected costs
to read items and not benefits to generate items (but see
Begg et al., 1989, for evidence of both costs and benefits
using related pairs and categorized word lists). This pattern
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was echoed in production effect studies (Bodner et al., 2014;
Jones & Pyc, 2014), in which a mixed-list production effect
was reflective of a cost to items that were read silently in
mixed lists rather than of a benefit to aloud items. Only when
silent and aloud items were blocked consecutively in a mixed
list in the Bodner et al. study was this cost eliminated.

Our study therefore evaluated whether the mixed-list
drawing effect reflected enhanced memory for draw items
and/or a memory decrement for write items compared to
pure-list groups. In Experiment 1, we evaluated the costs
and benefits of drawing on an immediate recognition test
by comparing a mixed-list group who completed drawing
and writing tasks on a single list of words (Experiment 1A),
to pure-list groups who completed only either drawing or
writing on a list (Experiment 1B). Across experiments, we
anticipated a reliable design effect in which the drawing
effect would be larger for mixed than pure lists. Addition-
ally, we expected that this design effect would emerge even
if a pure-list drawing effect occurred (cf. Wammes et al.,
2016). This prediction is based on both a strength-based
account, in which drawing facilitates the encoding of items
through recruitment of semantic, motor, or perceptual fea-
tures (Fernandes et al., 2018), and a distinctiveness account,
in which mixed lists show an enhanced drawing benefit due
to the presence of distinctive and non-distinctive information
(e.g., MacLeod et al., 2010). Finally, we expected that the
larger drawing effect in mixed lists would reflect a pattern
of costs and benefits when compared to pure lists. Specifi-
cally, mixed-list drawing would not produce a benefit over
pure-list drawing, but that a cost would emerge for mixed-list
writing relative to pure-list writing. This prediction is based
on patterns reported in both the generation and the produc-
tion effect literatures (cf. Begg & Snider, 1987; Hopkins &
Edwards, 1972), and is consistent with a cursory-reading
account of the design effect (Bodner et al., 2014). Collec-
tively, although drawing was anticipated to be beneficial
for enhancing memory for items that were drawn, drawing
would not operate cost-free and would negatively affect
memory for written items in mixed lists.

Experiment 1A: Drawing versus writing
mixed-list immediate recognition

Method
Participants

A total of 32 participants were recruited from undergradu-
ate Psychology courses at The University of Southern Mis-
sissippi and received partial course credit for participation.
All were fluent English speakers with normal or corrected-
to-normal vision. Due to a computer error, data from one
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Table 1 Lexical and semantic characteristics for study words used in
Experiments 1-3

Variable/descriptives M SD Min Max

Number of letters 6.39 1.42 5.00 12.00
SUBTLEX frequency 2.66 0.66 0.70 4.51
Concreteness 588.65 30.84 504.00 645.00
Age of acquisition 5.70 1.47 3.23 11.21
Body-object interaction 541 0.96 2.30 6.88

Characteristics are taken from the English Lexicon Project (Balota
et al., 2007) which included SUBLTEX word frequency (Brysbaert
& New, 2009), Concreteness (Brysbaert et al., 2014), Age of Acquisi-
tion ratings (Kuperman et al., 2012), and Body-Object Interaction rat-
ings (Pexman et al., 2019)

participant were not recorded, leaving 31 participants avail-
able for analysis. Mean participant age was 22.65 years (SD
= 8.25; range = 18-58), a mean of 13.74 years of formal
education was reported (SD = 2.38; range = 12-20), and
54.84% of participants identified with the female gender. A
sensitivity analysis using G*POWER 3 (Faul et al., 2007)
indicated that the sample had adequate statistical power
(0.80) to detect medium effect sizes of Cohen’s d = 0.52 or
larger, two-tailed, using a repeated-measures design with a
t-distribution. This sample size is consistent with or even
exceeds sample sizes used in other drawing effect studies
(e.g., Jonker et al., 2019; Wammes et al., 2016).

Materials

Eighty unrelated words were selected from the English
Lexicon Project (Balota et al., 2007) with the specification
that the words were high in concreteness to aid in drawing
(see Table 1 for semantic and lexical characteristics of the
selected words). Words were divided into two, 40-item
sublists that were matched on word frequency using the
SUBTLEX norms (Brysbaert & New, 2009) and concrete-
ness (Brysbaert et al., 2014). Participants were presented
with one 40-item sublist at study. The two sublists were
counterbalanced across participants. The two 40-item sub-
lists were further segmented into two 20-item lists (also
matched on frequency and concreteness) that were used
for draw or write items. One set of 20 items was presented
in blue font, and the other set of 20 items was presented in
red font. The colors corresponded to words that would be
drawn or written. The 20-item sublists that were associ-
ated with each color and task were counterbalanced across
participants such that, across counterbalanced versions, all
study words were presented in all of the possible color/task
combinations. An 80-item recognition test was then cre-
ated that included the 40 studied items, 20 of which cor-
responded to draw words and 20 of which corresponded to
write items, and the 40 items from the non-studied sublist,

which served as distractors. All participants therefore saw
the same recognition test items, but the items that were
studied (vs. non-studied) depended upon which sublist was
studied. Recognition test items were displayed in black
font and presented in a newly randomized order for each
participant.

Procedure

Participants were tested individually with an experimenter
present using a computer running SuperLab 6 software
(Cedrus, 2022). Following informed consent, participants
completed a brief demographics questionnaire that was
followed by experimental instructions. Participants were
instructed that they would study a series of words on the
computer screen that would be displayed individually and
presented in either red font or blue font. Encoding instruc-
tions were closely modeled after those used by Wammes
et al. (2016). Specifically, participants were informed that
for half of the words, they would draw an image of the
word’s referent into a box presented on a sheet of paper
for 10 s. Time was measured by the experimenter, begin-
ning as soon as the participant’s pencil touched the paper.
Participants were directed to start their drawings as soon
as the next word appeared on the computer screen. The
experimenter would prompt the participant to stop drawing
when the 10-s period ended and the next word appeared.
For the other half of the words, participants were asked
to write each individual study word on a separate sheet of
paper with lines and to write one word per line. Participants
were told they would have up to 10 s to write each word out,
but the experimenter would prompt the participant to stop
writing the word and advance to the next word when the
time ended. Depending on the counterbalanced version the
participant was assigned, draw words would be presented in
blue font and write words in red font or vice versa. During
each encoding trial, participants were only presented with
the individual word presented in blue or red font on the
computer screen. However, participants were provided with
an instruction sheet on the table in front of them reminding
them which color corresponded to either the draw or the
write task. The experimenter advanced to the next word at
the end of the 10-s study interval.

Immediately following the study phase, all participants
were presented with an 80-item old/new recognition test.
Participants were instructed to classify test items as “old” if
they were presented on the study list, and “new” if they were
not presented on the study list. Recognition responses were
measured using the keyboard, with participants pressing the
“0” key for old and the “N” key for new. The experiment
took approximately 20 min to complete and was followed by
debriefing and allocation of course credit.
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Experiment 1B: Drawing versus writing
pure-listimmediate recognition

Method
Participants

Sixty-four University of Southern Mississippi undergraduates
participated for partial course credit. All participants reported
normal or corrected-to-normal vision. Participants were ran-
domly assigned to either the draw group (n = 32) or the write
group (n = 32). Data from one participant in the write group
were unavailable due to a computer error. Mean age was 19.90
years (SD = 4.65; range = 18-51) with 12.92 mean years of
reported formal education (SD = 1.22; range = 12-16), and
76.19% identified with the female gender. A sensitivity analysis
indicated that the sample had adequate statistical power (0.80)
to detect effect sizes of Cohen’s d = 0.71 or larger, two-tailed,
using an independent-samples design with a ¢-distribution.

Materials and procedure

All materials and procedures in Experiment 1B were the same
as Experiment 1A with the following exceptions. Specifically,
the two 20-item sublists used in 1A to separate mixed draw
and write items were combined into a single 40-item study
list in which participants only completed either the draw task
for all words or the write task for all words. Each study list
consisted of items that were presented in both blue and red
font color as in Experiment 1A; however, participants were
told to draw or write each word regardless of the font color
the word was presented in. We used both colors in pure lists
to match the color presentations that were used in Experiment
1A. Colors may have served as an additional retrieval cue for
items, and therefore using the same color presentations kept
these retrieval cues constant between the mixed and pure lists.
Font colors and task types were again counterbalanced across
participants and the recognition test was identical to Experi-
ment 1A with the exception that studied test words only cor-
responded to either draw or write tasks.

Results: Experiments 1A and 1B

For all results reported, a p < .05 criterion was used. For
brevity, null-hypothesis-significance testing p-values are not
reported for significant comparisons. Instead, we supple-
ment our standard NHST analyses with Bayesian hypothesis
testing. The Bayesian test computes a Bayes factor (BF),
a numerical value that quantifies the predictive capacity
of the null hypothesis model (H;) compared to the alter-
native hypothesis model (H,). For reported BFs, reported
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subscripts correspond to the favored hypothesis, either H,
over Hy (BF,,) or H, over H, (BF,;). Several interpretive
criteria for BFs have been proposed; we follow interpretive
values reported by van Doorn et al. (2021). For null hypoth-
esis evidence, BF s less than 1/10 suggest strong evidence
for the null, BF s between 1/10 and 1/3 suggest moderate
evidence for the null, and BF,,s between 1/3 and 1 sug-
gest weak evidence for the null. For alternative hypothesis
evidence, BF,s greater than 10 suggest strong evidence for
the alternative, BF,4s between 3 and 10 suggest moderate
evidence, and BF s between 1 and 3 suggest weak evidence.
We caution, however, against applying these interpretive val-
ues as all-or-none cutoffs for making data conclusions, and
that BFs should not be conflated with general estimates of
effect size. We include effect size estimates by computing
Cohen’s d for each comparison. Proportions of correct rec-
ognition of studied items (hits) and false alarms to non-stud-
ied distractors as a function of draw and write instructions in
Experiments 1A and 1B are reported in Table 2 (top panel).

Recognition responses for draw and write items were first
compared within each experiment.' Starting with correct rec-
ognition, a robust drawing effect was found in the mixed lists
(Experiment 1A), in which correct recognition of draw items
exceeded that of write items (.97 vs. .69, for draw and write
means, respectively), #30) = 9.27, d = 1.66, BF |, = 4.02 X
107. A corresponding drawing effect emerged in the pure-list
comparison (Experiment 1B), in which correct recognition of
draw items exceeded write items (.97 vs. .82), #(61) =6.75,d =
1.70, BF |, = 1.42 X 10°. In both experiments, correct recogni-
tion for draw items was at ceiling and false alarm rates were at
floor. False alarm rates could not be segregated for draw and
write items in Experiment 1A as distractors could not be yoked
to a specific study task (M = .01). However, in Experiment
1B, false alarm rates were lower in the draw group than in the
write group (.01 vs. .06), #(61) = 3.45,d = 0.87, BF |, = 30.49.

Turning to a cost/benefit analysis, correct recognition for
draw items did not differ in the Experiment 1A mixed list com-
pared to the Experiment 1B pure list (.97 vs. .97),t < 1, BF |, =
0.26, showing neither a benefit nor a cost between design types.
This pattern may have been due to a restricted range from ceil-
ing performance of draw items in both design types. For write
items, however, correct recognition in Experiment 1B pure lists
was greater than correct recognition in Experiment 1A mixed

! Because hit and false alarm rates were perfect for many participants
(1.00 or 0.00, respectively), we focus our analyses on raw recognition
rates versus a hits-minus-false-alarms correction or d' using signal
detection. A signal-detection analysis requires a correction for asymp-
totic values (e.g., MacMillan & Creelman, 1988), and most partici-
pants would have required at least one corrected score to compute d'
due to ceiling hits or floor false alarms which would have distorted
the dataset.
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Table2 Mean (+ 95% CI) proportions of “old” recognition responses
to studied list items (hits) and distractors (false alarms) in Experiment
1 (immediate recognition test) and Experiment 2 (delayed recognition

test) and proportions of correct recall and mean number of intrusions
recalled in Experiment 3

Experiment 1A Experiment 1B Design effect Drawing effect
Within Recognition Between Recognition (W/in-Btw) (Draw-Write)
Item type/group Draw Write Draw Write Draw Write Within Between
N 31 32 31
Studied items (Hits) .97 (.01) .69 (.06) .97 (.01) .82(.04) .00 -12% 28 .16
Distractors (False alarms) .01 (.01) .01 (.01) .06 (.02) .00 -04  — -.04
Experiment 2A Experiment 2B Design effect Drawing effect
Within Recognition Between Recognition (W/in-Btw) (Draw-Write)
Item type/group Draw Write Draw Write Draw Write Within Between
N 31 31 31
Studied items (Hits) 91 (.04) .56 (.07) .84 (.05) .68 (.04) .07% -12% .35 .16
Distractors (False alarms) .16 (.04) .06 (.03) 31(.05) .09 =15 — =24
Experiment 3A Experiment 3B Design effect Drawing effect
Within Recall Between Recall (W/in-Btw) (Draw-Write)
Item type Draw Write Draw Write Draw Write Within Between
N 33 32 32
Correct recall .57 (.05) .16 (.03) .45 (.04) 27(04) .12% -.10% 41 .19
# Intrusions recalled 0.21 (.14) 0.56 (.28) 0.47 (.26) -0.35 -0.26 — 0.09

The Design effect refers to the between-subject minus within-subject means for draw and write items. Positive means refer to memory benefits of
within-subject designs, negative means refer to memory costs of within-subject designs. * = benefits and costs to correct recognition/recall, p <

.05. The Drawing effect refers to the benefits of draw items over write items in the within-subject and between-subject experiments

lists (.82 vs. .69), #(60) = 3.11, d = 0.79, BF |, = 12.89, reveal-
ing a cost to writing when completed in a mixed-list context.
Thus, there was a larger drawing effect found in correct recogni-
tion in a mixed list compared to a pure list (.28 vs. .16), which
reflected a recognition cost to mixed-list write items.

A cost/benefit analysis could not be computed for false
alarms as only a single false alarm rate was available for
mixed-list recognition. However, for completeness, we com-
pared false alarm rates between experiments. The mixed-list
(Experiment 1A) false alarm rate was equivalent to the false
alarm rate for the draw group in Experiment 1B (.01 vs. .01),
t <1, BF,;=0.28, but lower than the false alarm rate for the
write group in Experiment 1B (.01 vs. .06), #(60) = 3.56, d
= 0.90, BF |, = 40.06. The presence of draw items, in either
mixed or pure lists, therefore reduced false alarms relative
to writing only, but these patterns were at floor.

Discussion

Experiments 1A and 1B were designed to evaluate the effects
of drawing and writing on recognition in mixed- and pure-
list designs. A robust mixed-list drawing effect was found
on correct recognition in Experiment 1A. A drawing effect
was also found on pure lists in Experiment 1B, an important
finding given pure-list drawing effects have not been found
consistently (cf. Jonker et al., 2019; Wammes et al., 2016).

While drawing yielded recognition improvements in both list
types, a design effect consistent with those in generation and
production (e.g., Bertsch et al., 2007; Bodner et al., 2014)
emerged: The better recognition for drawing than for writing
was greater for mixed than for pure lists, though correct rec-
ognition following drawing was at ceiling in both list types.

A cost/benefit analysis was then used to identify the loci of
the design effect by directly comparing draw and write items
between mixed- and pure-list contexts. Although drawing
produced equivalent correct recognition rates in mixed and
pure lists (i.e., neither a benefit nor a cost), correct recogni-
tion of write items was lower in mixed lists than in pure lists.
This pattern indicates that the design effect in drawing is
at least partially attributable to a cost to mixed-list writing,
suggesting that participants are engaging in cursory reading.
Performance for draw items in both mixed- and pure-list con-
texts was robust and at ceiling (.97 in both contexts), making
it impossible to evaluate whether mixed-list drawing may
also result in costs, or even benefits.

To further evaluate costs and benefits to drawing mixed
and pure lists, we conducted a separate experiment that imple-
mented a 48-h retention interval between the study and test
phases. The purpose of this delay was twofold. First, given
ceiling performance on correct recognition of draw items on
an immediate test, a longer retention interval would likely
produce forgetting of the study list, which would pull perfor-
mance off ceiling. Indeed, Gardiner and Java (1991) reported
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that delays as short as 24 h were successful at reducing correct
recognition approximately 25% relative to an immediate test,
and that forgetting was more likely to affect recollection-based
processes than familiarity using a remember/know paradigm.
We note that Gardiner and Java’s experiments used a much
larger set of study items than Experiment 1 above (72 vs. 40),
and, therefore, we used a longer 48-h retention interval to
increase the likelihood of forgetting. Secondly, the use of a
delay provides an additional evaluation of the drawing effect
in pure and mixed lists. Although reliable drawing effects have
been reported following a delay (see Fernandes et al., 2018),
to our knowledge, no study has evaluated delay effects on
drawing in both pure and mixed lists or whether design effects
may reflect a pattern of costs and benefits.

Experiment 2A: Drawing versus writing
mixed-list delayed recognition

Participants

Thirty-one University of Southern Mississippi students par-
ticipated for partial course credit. All were fluent English
speakers with normal or corrected-to-normal vision. Mean
age was 20.90 years (SD = 5.09; range = 18—41) with a mean
of 13.52 years of formal education reported (SD = 1.90;
range = 12-20). Of the sample, 74.19% identified with the
female gender. A sensitivity analysis indicated that the sam-
ple had adequate statistical power (0.80) to detect medium
effect sizes of Cohen’s d = 0.52 or larger, two-tailed, using
a repeated-measures design with a r-distribution.

Materials and procedure

All materials and procedures as those used in Experiment 1A
were identical except for a delay that was inserted between the
study and recognition test phases. Specifically, immediately fol-
lowing the study phase, participants were dismissed from the
experimental session with the instruction to return to the same
research site to complete the test phase 48 h later. Following
the same 80-item old/new recognition test after the delay, par-
ticipants were debriefed and compensated with course credit.

Experiment 2B: Drawing versus writing
pure-list delayed recognition
Participants

Sixty-two University of Southern Mississippi students par-
ticipated for partial course credit. All were fluent English
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speakers with normal or corrected-to-normal vision. Par-
ticipants were randomly assigned to either the draw group
(n = 31) or the write group (n = 31). Mean age was 21.04
years (SD = 4.44; range = 18—42), participants reported a
mean of 13.63 years of formal education (SD = 1.85; range
= 12-19), and 62.90% identified with the female gender. A
sensitivity analysis indicated that the sample had adequate
statistical power (0.80) to detect effect sizes of Cohen’s d
= 0.72 or larger, two-tailed, using an independent-samples
design with a #-distribution.

Materials and procedure

Materials and procedures were the same as those used in
Experiment 2A with the exception that participants com-
pleted either the draw task or the write task for all study
items. Recognition testing was similarly completed after a
48-h delay.

Results: Experiments 2A and 2B

Proportions of study item hits and false alarms to distractors
as a function of draw and write instructions for Experiments
2A and 2B are reported in Table 2 (middle panel).

As in Experiment 1, recognition for draw and write items
were first compared within each experiment. For correct
recognition, a large drawing effect was again found in the
Experiment 2A mixed lists (.91 vs. .56, for draw and write
means, respectively), #(30) = 9.49, d = 1.70, BF, = 6.66
x 107, and a smaller, but potent, drawing effect was found
in the Experiment 2B pure lists (.84 vs. 68), #(60) = 5.13, d
= 1.30, BF |, = 4606.53 — patterns found in Experiment 1.
False alarms were higher following a delay in Experiment
2A mixed lists (M = .16) and were lower for the Experiment
2B draw group than the write group (.06 vs. .31), #(60) =
8.12,d = 2.06, BF,, = 4.97 x 10",

A cost/benefit analysis was then conducted to test for
design effects in drawing with performance now off ceiling.
Importantly, and unlike Experiment 1, correct recognition
for draw items was greater in Experiment 2A mixed lists
than Experiment 2B pure lists (.91 vs. .84), #(60) = 2.24, d
=0.57, BF ;= 2.06 — a mixed-list drawing benefit. For write
items, correct recognition in Experiment 2A mixed lists was
lower than Experiment 2B pure lists (.56 vs. .68), #(60) =
2.92,d =0.74, BF,,=4.10 X 10" — a mixed-list writing cost
that was similarly found in Experiment 1. Collectively, the
larger drawing benefit that was found in a mixed-list design
versus a pure-list design (.35 vs. .16) reflected a combination
of benefits to drawing and costs to writing in a mixed-list
context.
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False alarm rates to non-studied test items were also com-
pared between experiments. False alarms were higher in the
Experiment 2A within group than the Experiment 2B draw
group (.16 vs. .06), #(60) = 4.08, d = 1.04, BF |, = 168.85, but
lower in the Experiment 2A within group than the Experiment
2B write group (.16 vs. .31), #(60) = 4.73, d = 1.20, BF |, =
1258.63. Thus, false alarm rates also appeared to produce both
costs and benefits depending on the experimental design used.
Specifically, and consistent with Experiment 1, the presence of
draw items reduced false alarms, especially in the Experiment
2B pure draw group, in which write items were absent.

Discussion

Experiments 2A and 2B further evaluated the drawing effect
in recognition in pure and mixed-list designs, but with a 48-h
retention interval. Consistent with Experiment 1, a robust draw-
ing effect was found that included a design effect in which the
drawing improvement over writing was larger in a mixed- than
pure-list context. The delay was successful at reducing recog-
nition performance and under this condition, a costs/benefits
analysis revealed that the larger mixed-list drawing effect was
due to both lower correct recognition for write items in mixed
than pure lists — a mixed-list cost — and higher correct recogni-
tion for draw items in mixed than pure lists — a pure-list benefit.

We discuss this pattern of costs and benefits further in the
General discussion, but first we sought to replicate and extend
these findings using free-recall test, which typically produces
more moderate memory performance than recognition (Schon-
field & Robertson, 1966) and should also keep performance
off ceiling. Relative to recognition, free recall is a recollection-
heavy task (Yonelinas, 2002), which provides less support to
aid retrieval. Additionally, most drawing effect studies have
used free recall (Fernandes et al., 2018; Meade et al., 2018),
including Jonker et al. (2019), who did not find a pure-list draw-
ing effect. Therefore, evaluating the costs and benefits of draw-
ing on free recall improves cohesion in the literature including a
design comparison that more closely aligns with previous work.

In addition to standard analyses on proportions of correct
recall, the use of free-recall testing allows for a series of qualita-
tive analyses to assess retrieval dynamics between writing and
drawing tasks. In our first analysis, memory sequencing infor-
mation will be analyzed by computing lag conditional response
probability (lag-CRP) functions using serial position informa-
tion for studied items. Lag-CRPs plot the probability of correct
recall for items presented sequentially at study based on the lag
(i.e., distance) over serial positions (Howard & Kahana, 1999).
Lag-CRPs typically indicate that recall is highest in adjacent
lag (-1 or +1, referring to recalled words presented immedi-
ately before or after a given word, respectively), and decreases
over greater lags. A notable feature of lag-CRPs is that they are
typically asymmetrical — showing greater recall in the forward

than backward direction (Polyn et al., 2009; Wahlheim & Huff,
2015). These functions are therefore informative regarding
memory sequencing, and we extend lag-CRPs to pure lists in
Experiment 3B to compare memory order for drawing and writ-
ing tasks. Lag-CRPs are applied only in pure lists because mixed
lists randomly alternate between drawing and writing tasks and
this task switching may affect memory sequencing. If drawing
disrupts memory sequencing, as reported by Jonker et al. (2019),
a reduction in lag probabilities would be expected for drawing,
but only for adjacent positions.

A second analysis will compute the mean serial position
difference between adjacently recalled items at test (i.e., recall
distance), an analysis used by Jonker et al. (2019) to estimate
memory order. While both lag-CRPs and recall distance com-
pute the likelihood that individuals order recall by serial posi-
tion, lag-CRPs provide a more granular measure by computing
mean order probabilities for the five preceding and five subse-
quent lags. Despite these computational differences, the two
metrics should yield similar conclusions regarding memory
order for drawing and writing.

Finally, we include plots of serial position functions for
writing and drawing tasks (Murdock, 1962). While serial
position curves are not necessarily informative regarding item
sequencing, differences in the shape of these curves might pro-
vide information regarding task differences in primacy and
recency effects. For example, Huff and Bodner (2019) reported
that relative to a read-only control task, deep encoding tasks
resulted in larger recency effects, suggesting that deep pro-
cessing increases the availability of information in short-term/
working memory. If drawing operates similarly to other deep
tasks, similar recency patterns may be expected. Standard
analyses of mean recall rates and intrusions are therefore sup-
plemented with retrieval dynamics to further examine organi-
zational processes following drawing and writing.

Experiment 3A: Drawing versus writing
mixed-list recall

Method
Participants

Thirty-three University of Southern Mississippi students
participated for partial course credit. All were fluent Eng-
lish speakers with normal or corrected-to-normal vision.
Mean age was 21.48 years (SD = 8.81; range = 18-60), a
mean of 12.79 years of formal education was reported (SD
= 1.90; range = 12-20), and 66.67% of the sample identified
with the female gender. A sensitivity analysis indicated that
the sample had adequate statistical power (0.80) to detect
medium effect sizes of Cohen’s d = 0.50 or larger, two-tailed,
using a repeated-measures design with a z-distribution.
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Materials and procedure

All materials and procedures were the same as those used
in Experiment 1A except for the memory test. Specifically,
after participants completed the study phase, they were
instructed that they would complete a 5-min free-recall
test. Participants were given a sheet of paper with 40 blank
spaces and were asked to recall the words that they studied
in any order and without cost for incorrect spellings. Partici-
pants were neither encouraged nor discouraged from guess-
ing and no mention of the two study instructions occurred
to minimize the likelihood that an additional retrieval cue
would be provided. Participants were timed by the experi-
menter and cued when to end their recall.

Experiment 3B: Drawing versus writing pure
list recall

Method
Participants

Sixty-four University of Southern Mississippi undergradu-
ates participated for partial course credit. All participants
reported normal or corrected-to-normal vision. Participants
were randomly assigned to either the draw group (rn = 32)
or the write group (n = 32). Mean age was 20.08 years (SD
= 3.35; range = 18-35) with 13.22 mean years of reported
formal education (SD = 1.59; range = 11-17), and 79.69%
identified with the female gender. A sensitivity analysis indi-
cated that the sample had adequate statistical power (0.80) to
detect effect sizes of Cohen’s d = 0.71 or larger, two-tailed,
using an independent-samples design with a z-distribution.

Materials and procedure

Materials and procedures were the same as those used in
Experiment 3A with the exception that participants com-
pleted either the draw task or the write task for all 40 items.

Results
Correct recall and intrusions

Mean proportions of correct recall were computed as the total
number of words correctly recalled, divided by the total num-
ber of words presented in each study condition (e.g., in Experi-
ment 3A, recalled draw and write words were each divided by
20). Correct recall was scored using a relatively liberal crite-
rion in which words that were misspelled, including pluraliza-
tions, were counted as correct. The same scoring criterion was
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applied to both experiments. Correct recall of studied items
and mean numbers of intrusions falsely recalled per list as a
function of draw and write instructions in Experiments 3A and
3B are reported in Table 2 (bottom).

Analyses of retrieval dynamics for free-recall responses
for draw and write tasks were also conducted, which include
plots of lag-CRPs (Howard & Kahana, 1999), mean serial
position recall distance between adjacent items recall (Jonker
et al., 2019), and serial-position curves (Murdock, 1962; see
Crowder, 1976, for review) to provide additional information
regarding task effects on memory sequencing. Recall dynam-
ics were unavailable for one participant in the pure draw group
due to a computer error which failed to record serial positions
from the encoded list. Proportions of correct recall and intru-
sions were still available, and therefore, we only excluded this
participant for the recall dynamics analyses.

Proportions of correct recall for draw and write items were
first compared within each experiment. A robust drawing effect
was again found in both a mixed-list context (Experiment 3A;
57 vs. .16, #(32) = 14.81, d = 2.58, BF,, = 8.39 x 10'%), and
a pure-list context (Experiment 3B; .45 vs. .27; #(62) = 6.95, d
= 1.74, BF,, = 3.24 x 10°). Mean numbers of extra-list intru-
sions recalled did not differ between the draw and write groups
in Experiment 3B (.56 vs. .47),t < 1, BF;, = 0.28.

A cost/benefit analysis was then conducted that first com-
pared correct recall proportions for mixed-list draw items
(Experiment 3A) to pure-list draw items (Experiment 3B).
Consistent with Experiment 2, a significant benefit to mixed-
list drawing was found, in which recall of Experiment 3A
draw items was higher than Experiment 3B draw items (.57
vs. .45), ((63) = 3.82,d = 0.95, BF,, = 83.59. This drawing
benefit was also accompanied with a cost to write items.
Specifically, recall of Experiment 3A write items was sig-
nificantly lower than that of Experiment 3B write items (.16
vs. .27), (63) = 4.18, d = 1.04, BF |, = 239.61. Thus, the
design effect, which indicated a larger drawing improvement
in mixed lists than in pure lists (.41 vs. .19), reflected a com-
bination of benefits to draw items and costs to write items.

Extra-list intrusions were also compared between experi-
ments. Overall, intrusions were rare, but mean number of
intrusions was lower in the Experiment 3A draw group than
the Experiment 3B draw group (.21 vs. .56), #(63) = 2.23,
d = 0.55, BF;, = 1.99, and marginally lower than in the
Experiment 3B write group (.21 vs. .47), #(63) = 1.69, p =
.10,d =0.42, BF, = 0.85.

Memory for order

Figure 1 plots lag-CRP functions for Experiment 3B as a
function of task type. CRPs were analyzed using a 2(Task:
Drawing vs. Writing) X 10(Lag) mixed analysis of variance
(ANOVA). An effect of lag was found, F(9, 558) = 4.36, np2
= .07, BF,, = 33.80, confirming a pattern of stronger recall
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Fig. 1 Experiment 3B: Conditional response probabilities as a function of lag (-5 to +5) for draw and write pure lists. Error bars are 95% confi-

dence intervals

in adjacent lag positions, particularly in the forward (lag +1)
direction. However, the effect of task, F < 1, BF;, = 0.46,
and the interaction, F' < 1, BF; = 0.01, were unreliable.
This pattern indicates that memory sequencing effects were
invariant for drawing and writing tasks.

Mean serial position recall distance was also computed
for draw and write groups. Consistent with lag-CRPs, mean
recall distance was equivalent between the draw group (M =
13.11 positions; SD = 2.39) and the write group (M = 13.72
positions; SD =4.29), t < 1, BF |, = 0.32, providing further
evidence that recall ordering was not sensitive to task type.

Turning to serial position effects, Fig. 2 plots correct recall
proportions for each of the 40 serial positions for the draw
and write tasks in Experiment 3B. A 2(Task: Drawing vs.
Writing) X 40(Serial Position) mixed ANOVA was used.
Consistent with overall proportions of correct recall above,
a pure-list drawing effect was found with greater recall for
draw than write lists, F(1, 62) = 32.06, n,” = .34, BF; =
8.63 x 10", Differences were also found across serial posi-
tion, F(39,2418) = 4.45, > = .07, BF ;= 4.70 x 10", which
confirmed the presence of primacy and recency effects. The
interaction was at the conventional level of significance, F(39,
2418) = 1.40, p = .050, n,” = .02, BF, = 0.02. Follow-up
comparisons indicated that this interaction reflected a slightly
larger recency effect for the draw group than the write group,
though this difference was small and often did not survive
adjustments for multiple comparisons. We therefore interpret
this interaction with caution given this correction.

Discussion

The results of Experiments 3A and 3B are quite clear.
First, a drawing effect on recall was found in both mixed
lists and pure lists, replicating the recognition drawing

effects in Experiments 1 and 2. A design effect was also
found in which the drawing improvement was larger in
mixed than pure lists, and this pattern extended to recall.
Second, a costs/benefits analysis indicated that the larger
mixed-list drawing effect reflected contributions of both
costs and benefits. Recall of mixed-list write words was
lower than recall of pure-list write words — a cost to writ-
ing that was also present in Experiments 1 and 2. Impor-
tantly, recall of mixed-list draw words was greater than
recall of pure-list draw words, a drawing benefit that
was also present in delayed recognition. Collectively,
the design effect found with drawing in free recall also
reflects a contribution of a cost to mixed-list write words
and a benefit to mixed-list draw words when compared to
pure lists.

Finally, we examined memory for order sequencing in
pure lists by evaluating recall dynamics of drawing and
writing using lag-CRPs, recall distance, and serial position
curves. Although lag-CRPs indicated that participants order
their recall to adjacent serial positions, particularly in the
forward direction (cf. Howard & Kahana, 1999; Wahlheim
& Huff, 2015), there were no differences in sequencing
between draw and write tasks. This invariance in memory
sequencing was also found when computing mean recall
distance. These patterns contrast with Jonker et al. (2019),
who reported that a characteristic of drawing is that it dis-
rupts memory sequencing. We discuss this discrepancy in
greater detail in the General discussion but note here that
there are several differences between our study and Jonker
et al., including the type of comparison control group used,
which may have contributed to these differences. Regarding
serial position effects, both writing and drawing tasks pro-
duced standard serial position patterns, though recall rates
were greater across positions for draw lists, particularly in
later positions, though this effect was modest.
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General discussion

Our experiments provide several new contributions to our
understanding of the drawing effect in recognition and recall.
First, a reliable pure-list drawing effect was found in both
recognition and recall test types across three experiments, an
effect that has not been found consistently (e.g., Jonker et al.,
2019). Second, a reliable design effect was also found in both
recognition and recall in which the drawing improvement over
writing was greater in a mixed-list design than in a pure-list
design. This pattern is particularly notable from our experi-
ments as the design effect was robust despite the presence
of a pure-list drawing effect. Third, we examined the loci of
the design effect in mixed-list drawing by conducting a cost/
benefit analysis that directly compared drawing and writing
tasks across design types (e.g., Bodner et al., 2014; Hopkins
& Edwards, 1972). In immediate recognition (Experiment 1),
our results indicated that the larger drawing effect on mixed
lists included a cost to write items, but neither a benefit nor
a cost to draw items, though a ceiling effect on recognition
restricts this conclusion. When recognition was off ceiling due
to a delayed test (Experiment 2), the larger mixed-list draw-
ing effect reflected both a cost to mixed-list write items and a
benefit to mixed-list draw items. This pattern was also found
in free recall (Experiment 3), where again, the larger drawing
effect on mixed lists was due to a combination of both costs to
write items and benefits to draw items. Finally, we examined
memory for order by plotting lag-CRPs and serial position
curves for pure-list recall. Our analyses indicated that memory
for order was task-invariant, with writing and drawing tasks
producing equivalent orderings in serial recall. Collectively,
these patterns suggest that drawing may not disrupt memory
for order, at least as indexed by these recall measures.

The finding that drawing leads to a benefit in a pure design
is consistent with a memory strength account for drawing
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(e.g., Bodner et al., 2014; Icht et al., 2014; MacLeod &
Bodner, 2017, for application to the production effect).
Drawing images of to-be-remembered items increases the
memory strength of these items, which is beneficial in both
mixed and pure lists. In contrast, a distinctiveness account
(e.g., MacLeod et al., 2010) would suggest that draw items
are distinctive relative to write items, which requires a mixed-
list context containing non-distinctive items for comparison.
At test, participants can then apply a heuristic to aid retrieval
(e.g., retrieving that the item was drawn must indicate that
the word was studied). The finding that drawing improves
recognition and recall in both mixed and pure lists suggests
that participants do not necessarily require the retrieval of
context information for draw items, suggesting that drawing
is facilitating the overall strength of the memory trace.

While evidence of a pure-list drawing effect supports a
strength account, this account alone cannot explain the design
effect in which the drawing effect was larger in mixed than
pure lists, and why there was a mixed-list benefit for draw
items. One possibility that has been applied to the produc-
tion effect (e.g., MacLeod & Bodner, 2017) is that strength
and distinctiveness heuristic processes are not mutually
exclusive. Specifically, drawing may facilitate the strength
of the memory trace, but study contexts with distinctive and
non-distinctive item types may also allow for the distinctive-
ness heuristic to operate at test. For instance, drawing may
improve the memorability of a study item, but the presence
of non-distinctive items may further aid retrieval by providing
participants with additional retrieval cues that are useful for
discerning items that were studied. The distinctiveness heu-
ristic may therefore operate in tandem with memory strength
and provide an additional “boost” to increase the size of the
drawing effect in mixed lists.

Turning to the mixed-list drawing effect in recognition
and recall, this pattern was driven by a combination of both
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costs and benefits. As reviewed above, mixed-list costs have
been found in the production effect (Bodner et al., 2014;
Hopkins & Edwards, 1972) and described as “lazy reading”
of the silent-read words when placed in the context of aloud
words. Borrowing from this characterization, we similarly
provide evidence for “lazy writing” in which participants
appear to be engaging in cursory processing of written
words in the context of drawing, resulting in a memory cost.
Because of this cost to writing words, the best strategy for
maximizing recognition and recall may be to generate draw-
ings for all items rather than for a subset.

Although mixed lists have consistently produced a draw-
ing effect in our experiments and in the extant literature,
pure-list effects are less consistent, occurring in some studies
(Experiments 1B and 2B here; Namias et al., 2022; Wammes
et al., 2016), but not in others (Jonker et al., 2019, Experi-
ments 1-3). While our experiments were developed with
the goal of resolving these discrepancies, it is important
to highlight several methodological differences that may
have contributed to these divergent findings. One such dif-
ference, which was explicitly noted by Jonker et al., is list
length. In Wammes et al. and in our experiments, the lists
were relatively long (40 and 66 items) compared to Jonker
et al. (20 and 34 items). While memory performance may
be lower overall on longer than shorter lists, there is little
difference between the 34-item lists in Jonker et al. and our
use of 40-item lists. Moreover, Namias et al., who found
a reliable pure-list drawing effect, had participants study
eight-item lists that consisted of related words taken from
the Deese/Roediger-McDermott paradigm (DRM; Roediger
& McDermott, 1995). Thus, a pure-list drawing effect may
occur across a range of list lengths.

Another possibility is that the control comparisons dif-
fered. Our experiments and Wammes et al. (2016) used a
write-control comparison, and Jonker et al. (2019) used a
silent-reading control. Although the comparison baseline is
important given the drawing effect refers to the relative dif-
ference in memory performance between drawing and the
control task, there are two findings that challenge this pos-
sibility. First, Namias et al. (2022; Experiment 1) reported a
pure-list drawing effect in correct recognition of DRM lists
items compared to silent reading. Second, writing operates
as a type of production effect and improves memory relative
to silent reading (Forrin et al., 2012). If writing enhances
memory, then one would expect that a writing comparison
would reduce the size of the drawing effect relative to a
silent-reading control. If anything, a silent-reading control
task should increase the likelihood of detecting a pure-list
drawing effect compared to a writing control.

A final possibility is that the drawing effect may be
sensitive to the number of consecutive study/test cycles that
are completed. In our experiments and in Wammes et al.,
participants studied and were tested on a single list, and in

Namias et al. (2022), participants studied ten consecutive
DRM lists but only completed a single recognition test for
these lists. In contrast, Jonker et al. (2019) had participants
study several lists that were individually followed by a test.
These repeated study/test cycles may have produced a shift in
encoding strategies over consecutive lists thereby reducing or
eliminating the drawing effect. Consistent with this possibility,
deWinstanley and Bjork (2004) reported that when participants
completed an initial study/test cycle using a generation task,
the generation effect was eliminated on a subsequent study/test
cycle. Moreover, the elimination of the generation effect was
not contingent upon participants showing a generation effect
initially (Burnett & Bodner, 2014). Jonker et al. did not report
memory differences for initial study lists versus subsequent
lists, but if drawing operates similarly to generation, the
potency of drawing, particularly on pure lists, may be reduced
or eliminated over consecutive study/test cycles. Moreover,
completion of several study/test cycles may result in the
buildup of proactive interference, particularly if the list items
are not discernable (e.g., all unrelated vs. taken from different
semantic categories; MacLeod, 1975; Wickens et al., 1963).
The lack of a pure-list drawing effect could therefore be due
to repeated study/test cycles encouraging a shift in encoding
strategies, the buildup of proactive interference, or some
combination of the two.

In addition to examining drawing and design effect dif-
ferences, we also examined memory-sequencing effects
via lag-CRPs and recall serial position distance. Jonker
et al. (2019) reported evidence indicating that drawing
leads to a disruption in memory sequencing relative
to a silent-reading control. In Experiment 3, our recall
measures provided no evidence indicating that memory
sequencing was disrupted for drawing over writing.
Instead, these measures were more consistent with the
notion that drawing of individual images encouraged
item-specific encoding of information (e.g., Namias
et al., 2022), but it is possible that item-specific process-
ing may not always affect inter-item associations. Indeed,
Huff and Bodner (2019; Online Supplemental Materials)
computed lag-CRPs for participants who studied and then
completed recall tests on DRM lists using either item-
specific encoding, relational encoding, or silent-reading
instructions manipulated between-subjects (Experiment
1). Although overall lag-CRPs showed strong sequencing
effects for items presented in the nearest serial positions,
which diminished over lags, there were no differences in
sequencing across the three encoding groups, suggest-
ing that recall sequencing measures may be less sensitive
to encoding processes. Future studies will need to fur-
ther evaluate organizational processing effects on recall,
including whether some of the procedural differences we
list above (e.g., repeated study/test cycles) are a contrib-
uting factor.
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Finally, given that drawing is a relatively simple
encoding task to deploy, there are several obvious applied
implications, particularly for educational settings. For
instance, drawing could be used to depict both concrete
materials (e.g., anatomical features of the human body
in an anatomy and physiology class) and more abstract
concepts such as hypothetical models or plotting the simi-
larities or differences of different concepts, which may
not lend themselves easily to drawing (e.g., flow charts,
Venn diagrams, etc.). While the benefits of drawing are
well documented and have even been extended directly
to educational settings (Fernandes et al., 2018), our study
does suggest some caution regarding when drawing should
be used. In particular, educational settings naturally mimic
mixed-list contexts in which learners will draw some con-
cepts at study and write or silently read others. As we
show, this approach will produce benefits to draw items
and costs to write items, suggesting that individuals may
need to apply drawing strategically to avoid unwanted
costs. For instance, generating drawings for concepts that
are particularly difficult to learn and writing concepts that
are already partially learned may minimize costs asso-
ciated with writing while maximizing drawing benefits.
The application of drawing strategically by the participant
is an interesting prospect for future research given that
the experimenter pre-selects which items will be drawn
regardless of participants’ beliefs about which items
are easier or are more challenging to remember. Thus,
while drawing is a quality task for enhancing memory,
to promote best learning practices, a better understand-
ing is needed regarding which contexts may help or harm
memory.

Conclusion

Overall, across three experiments we found evidence that
drawing images of to-be-remembered words improves
immediate recognition, delayed recognition, and recall in
both mixed- and pure-list contexts over writing. Drawing
consistently produced a design effect in which the drawing
effect was larger in a mixed list than a pure list, and this
effect was due to a combination of costs and benefits. Mixed-
list drawing produced a benefit relative to pure-list drawing
(in delayed recognition and recall), and mixed-list writing
produced a cost relative to pure-list writing (in recognition,
delayed recognition, and recall). Secondary analyses found
that drawing does not appear to reduce memory sequenc-
ing effects in free recall relative to writing. Drawing there-
fore appears to increase memory for items that are drawn in
both mixed- and pure-list designs, but drawing benefits are
accompanied by writing costs.
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