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Practicing retrieval of vocabulary items from memory (e.g., with flashcard software or practice tests) is
an effective study strategy to remember vocabulary over time. Retrieval practice is often implemented
in digital learning environments that increasingly include multimedia (i.e., combining textual and picto-
rial information). However, it is unknown how multimedia design affects the benefits of retrieval.
Therefore, the present study tested the effect of adding images during retrieval practice on students’
learning, affective-motivational outcomes, and judgments of learning. We experimentally manipulated
the presence and timing of images during retrieval practice of foreign vocabulary in three classroom
experiments with students in secondary education. Across experiments, students’ vocabulary recall on a
posttest (1 to 4 days after practice) was weaker after practice with images that helped them retrieve the
answer, compared with practice without images (Experiments 2 and 3) and compared with practice with
images that appeared after the retrieval attempt (Experiments 1 and 3). Images enhanced feelings of
competence but not enjoyment of practice. The majority of students recognized the negative effects of
images on their learning only when the images clearly revealed the answer (Experiment 1) but—incor-
rectly—considered images that provided partial hints about the answer to be helpful (Experiments 2 and
3). Moreover, students consistently overestimated how much they learned with images that helped them
retrieve the answer. During retrieval practice of vocabulary words, informative images are thus poten-
tially harmful and students have limited insight into these effects.

Educational Impact and Implications Statement
Practicing retrieval of vocabulary words from memory (e.g., with flashcard software or practice
tests) is an effective strategy to remember the words over time. This study tested how adding images
during such retrieval practice influences students’ learning and motivation. In three classroom
experiments, we found that retrieval practice is less effective when it includes images that provide
hints about the answer, compared to no images. Students were unaware of this effect and overesti-
mated how much they learned with images. Multimedia should thus be used cautiously in vocabu-
lary learning software. To ensure that students can later recall vocabulary not only with the help of
the images from practice but also without images, practice should not include images that provide
hints about the to-be-retrieved answer. Images can, however, be presented as feedback that is shown
after the learner has given a response.

Keywords: retrieval practice, testing effect, multimedia learning, vocabulary learning, judgments of
learning

Retrieval practice, during which learners actively recall informa-
tion from memory, enhances knowledge retention in comparison
with restudy. For example, it is more effective to practice vocabu-
lary words by repeatedly translating them from memory than by
repeatedly reading the words (e.g., Goossens et al., 2014; van den
Broek et al., 2014). These benefits of retrieval over restudying, also
known as testing effect, have been documented in a large number
of experiments (for overview studies, see Adesope et al., 2017;
Karpicke, 2017; Roediger & Butler, 2011; Roediger & Karpicke,
2006a; Rowland, 2014). In experimental research, retrieval is typi-
cally prompted with verbal cues (e.g., a to-be-translated vocabulary
word is shown on a computer screen, Carrier & Pashler, 1992; Kar-
picke & Roediger, 2008). However, educational materials and exer-
cises often include images (Lindner et al., 2016). Multimedia
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research has established conditions under which such images are
beneficial during studying (e.g., reading) of materials (e.g., Butcher,
2014), but it is unclear what effect images have during retrieval
practice, and it is likely that image effects are different during re-
trieval and restudy. For instance, images might act as hints or scaf-
folds that help learners retrieve information from memory.
Whereas this would increase performance on assessment tests (e.g.,
Lindner, Eitel, et al., 2017; Lindner et al., 2016; Lindner, Lüdtke,
et al., 2017; Schneider et al., 2020), it is unclear how images influ-
ence learning from taking a test (i.e., retrieval practice). Therefore,
the present study investigated the effects of images during retrieval
practice on learning and on students’ affective-motivational out-
comes in a series of three experiments, which will be introduced af-
ter discussing the relevant literature in more detail.

Potential Positive Effects of Images: Efficient Processing
of Multimodal Input and Active Elaboration

Several lines of research suggest that adding images to learning
materials can benefit learning, due to characteristics of the images
themselves and due to the cognitive processing that images induce
in combination with written text. Regarding characteristics of
images, decades of memory research have documented a picture
superiority effect, the finding that “[later] recall is generally higher
for items presented as pictures than for items presented as words”
(Paivio & Csapo, 1973, p. 176; for an overview of studies, see
Ensor et al., 2019). Different mechanisms have been proposed to
explain this effect, starting with Paivio’s (1991, 2013) dual-coding
theory that pictures are more likely than words to be encoded in
both verbal and visual representations, and such dual coding leads
to superior retention. In addition, images are said to offer a greater
variety of unique visual features compared with written text. This
may make images physically (e.g., Ensor et al., 2019) and concep-
tually (e.g., Hamilton & Geraci, 2006) more distinct than written
text, and could enhance retention by stimulating elaborative proc-
essing during encoding.
Regarding the combination of text and images, according to the

multimedia principle (Butcher, 2014), learning is enhanced by
combining verbal information with pictorial information compared
with verbal information alone. Such multimedia effects have been
explained by the efficient use of separate processing channels for
pictorial and verbal information in human working memory (e.g.,
according to the cognitive theory of multimedia learning, Mayer,
2014; and classic dual-coding theory, Clark & Paivio, 1991).
Moreover, presenting combinations of pictures and text can lead
learners to more actively encode the learning materials, increasing
efforts to organize relevant information into coherent mental rep-
resentations and integrate information with prior knowledge (e.g.,
inducing attempts to integrate verbal and pictorial representations
and triggering self-explanations, Ainsworth & Loizou, 2003;
Butcher, 2006). In this way, images may help learners to develop
more accurate and integrated mental models (Butcher, 2006, 2014;
Fiore et al., 2003).
The present study focuses on vocabulary learning, for which

multiple studies have reported benefits of studying with (verbal
explanations and) images over study without images (e.g., Akbulut,
2007; Andrä et al., 2020; Hald et al., 2016; Kim & Gilman, 2008;
Shahrokni, 2009; Tonzar et al., 2009; Yeh & Wang, 2013; Yoshii,
2006; for an overview of older studies, see Sadoski, 2005), in line

with the multimedia principle. There is also vocabulary research
that found no significant multimedia effects (Al-Seghayer, 2001;
Boers et al., 2009; Cohen & Johnson, 2011; Dubois & Vial, 2001)
or negative effects of images (Acha, 2009). Such negative effects
are likely when images do not match the provided verbal informa-
tion (Rop et al., 2016), but could also occur if images are irrelevant
or distracting to learners, acting as a seductive detail (e.g., Harp &
Mayer, 1998; Kalyuga & Sweller, 2014). However, overall, prior
research suggests that adding relevant images during encoding of
new vocabulary has small but positive effects, especially for
abstract words (Farley et al., 2012, 2014; Shen, 2003).

The research reviewed so far suggests that adding images during
vocabulary practice is potentially beneficial. However, prior studies
have focused on effects of images during encoding, that is, during
(re)study and reading tasks. It is an open question how images
influence learning from retrieval practice. It is possible that images
could also trigger multimodal or elaborative processing during re-
trieval practice, and thereby enhance learning. Indeed, elaborative
processing has been put forward as one possible explanation for
benefits of retrieval practice (e.g., Carpenter, 2009, 2011; Carpenter
& Delosh, 2006). However, at the same time, images may also
change the dynamics of the retrieval process itself. This likely
influences learning outcomes, but not necessarily in a positive way.

Potential Negative Effects of Images on Learning From
Retrieval: Increased Retrieval Success, ReducedMental
Effort, and Risk of Context-Dependency

One consequence of adding images to retrieval practice is that
the images might make retrieval practice easier and increase re-
trieval success, by providing hints about the to-be-retrieved an-
swer. Although retrieval practice is known to only be beneficial
for learning when learners gain access to the correct answer, learn-
ers can do so either by retrieving the answer successfully from
memory or by studying feedback after failed retrieval attempts
(Kornell et al., 2011). Retrieval success itself has only limited
impact on learning when feedback is available (Kornell et al.,
2015; Rowland, 2014). Therefore, it is questionable if enhanced
retrieval success through the addition of images would be benefi-
cial for learning. On the contrary, providing hints about the answer
could have negative effects on learning if the hints reduce the
depth of processing and the amount of effort needed to retrieve the
correct answer.

When images reduce effortful retrieval processes by providing
cues about the answer, this is likely to have negative effects on
learning. Indeed, major cognitive accounts of retrieval practice
have been characterized as “effortful retrieval theories” (Rowland,
2014, p. 1434) because they propose that the effective component
of retrieval practice is the (effortful) mental search in memory to
retrieve the answer. This effortful search is thought to change
memory representations and facilitate later recall. The specific
cognitive processes differ between accounts—some accounts pro-
pose that the search in memory leads to an elaboration of semantic
networks, which leads to incorporation of related information that
can later mediate recall (Carpenter, 2009, 2011; Carpenter &
Delosh, 2006; Carpenter & Yeung, 2017) whereas other accounts
emphasize the reinstatement of the retrieval context and an
increasing reduction of the search set of possible answers (Lehman
et al., 2014; Whiffen & Karpicke, 2017; see also Dikmans et al.,
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2020; Rickard & Pan, 2018). However, all accounts build on em-
pirical findings that more effortful (yet successful) retrieval is
more beneficial than less effortful retrieval (Karpicke, 2017). For
instance, successfully retrieving words after a longer delay is more
beneficial than after a shorter delay (e.g., Pavlik & Anderson,
2008); and successful retrieval with the help of weak cues like
“s _ _ _ _ _” is more beneficial than retrieval with strong cues that
give away much of the answer, such as “s t r e _ _” (correct an-
swer: street; Carpenter & Delosh, 2006; see also Finley et al.,
2011). This negative effect of cues that make retrieval practice
easier has been attributed to a reduction of beneficial effortful re-
trieval processes (Pyc & Rawson, 2009). Images could similarly
function as cues that make it easier to retrieve an answer, and
thereby reduce retrieval effort and thus learning.
Presenting images during retrieval practice might be particularly

problematic when the images cause context-dependency (S. M.
Smith & Handy, 2014, 2016). That is, images provide additional
retrieval cues, and when learners depend on those cues during
practice, they may fail at later recall when the images are not
available anymore. In two earlier studies, learners who practiced
retrieving the meaning of foreign words that were presented on an
informative background image (e.g., an airport when the to-be
retrieved word meaning was pilot), showed lower recall on a later
test without background images, compared with learners who
practiced the words with uninformative images that did not pro-
vide retrieval cues (S. M. Smith & Handy, 2016). Thus, informa-
tive images may act as “contextual crutches” (by providing cues)
that facilitate retrieval practice but hamper later recall because
learners become dependent on the cues in the images.
Similarly to context-dependency in vocabulary learning, images

have also been found to impair young learners’ reading fluency de-
velopment. For instance, Torcasio and Sweller (2009) found that
students who practiced reading an illustrated text of which the
images provided information about the text content, showed lower
proficiency on a later reading test without illustrations than students
who read the text without images or with uninformative images.
Similarly, a number of studies published in the 1960s and 1970s
(reviewed in Schallert, 1980) showed that beginning readers were
better at reading aloud single, written words when they had previ-
ously practiced reading with only the written words than when they
had practiced reading the written words while also seeing a picture
of the word meaning. Samuels (1970) referred to a principle of
least effort to explain these findings, arguing that during practice,
learners focus on whichever cue helps them respond with the least
effort (in this case, the illustration rather than the written words)
but their later performance deteriorates if that cue is absent. Over-
all, these results suggest that images that can be used as a substitute
for actual practice of word retrieval, might impair learning.

Prior Research on the Effect of Images During Retrieval
Practice on Learning

Although it is plausible that images positively influence learning
when presented during encoding but negatively influence learning
when interfering with effortful retrieval practice, there is very lim-
ited prior research available on the effects of images in retrieval
practice. Carpenter and Olson (2012) compared performance dur-
ing repeated retrieval in which learners recalled Swahili vocabulary
(e.g., kelb: dog) when prompted with either images or translations

in their native language English, immediately after having encoded
the Swahili word in the same way, with images or translations. The
image cues enhanced recall of Swahili words in the second and
third round of retrieval practice. This finding suggests that images
can have beneficial effects on retrieval success during practice.
However, no information is available about learning outcomes after
retrieval practice; so it is unclear how images influenced retention
over time. Because benefits of retrieval practice tend to manifest
over time, it is relevant to investigate effects of images on (delayed)
learning outcomes (Kornell et al., 2011; Toppino & Cohen, 2009).

Another line of research has shown that representational images
can improve students’ performance on assessment tests (i.e., the
multimedia effect in testing, Lindner et al., 2016; Martín-SanJosé
et al., 2015), especially when the same images were also present in
the encoding phase prior to the test (Lindner et al., 2021; see also
Schneider et al., 2020) and when the images represent information
that is needed to solve the test question (Lindner et al., 2016). For
instance, in a recent classroom study in which students answered
multiple choice questions about science facts, students were more
accurate and showed better test taking behavior (i.e., reduced rapid
guessing) when the test contained images that visualized the infor-
mation in the question text (Lindner, Lüdtke, et al., 2017). Because
assessment tests and retrieval practice involve similar cognitive
processes (i.e., responding to questions that prompt the recall of
knowledge from memory), it is likely that images have similar
effects on the accuracy of responses during retrieval practice as dur-
ing assessment tests. However, again, it is unclear what the effect is
of such images on delayed learning outcomes. Only one study on
multimedia effects in assessment tests included an immediate sec-
ond test, a matching task, directly after a multiple choice test with
or without images (Lindner et al., 2021). There was no significant
effect of adding images during the multiple-choice test on subse-
quent matching performance, regardless of whether the encoding
phase prior to multiple choice testing contained images or not.
However, this was an immediate second test and benefits of re-
trieval practice typically show when the final test to measure learn-
ing outcomes takes place after a longer delay (Kornell et al., 2011;
Toppino & Cohen, 2009). Therefore, the question remains if there
are multimedia effects in retrieval practice, where adding images
during retrieval practice would influence the performance on a
delayed final test.

Effects of Images Beyond Cognitive Processing:
Affective-Motivational Outcomes and Judgements of
Learning

Images could change learning from retrieval practice not only
by influencing cognitive processes like retrieval effort and elabora-
tion but also by influencing learners’ motivation to engage in prac-
tice. This is particularly relevant because retrieval practice is well
suited to be done outside classroom instruction, as part of self-
regulated vocabulary learning. For this to be optimally effective,
learners should repeatedly practice retrieval and distribute practice
sessions over time (e.g., Rawson et al., 2018). It is therefore im-
portant to take into account how the design of retrieval practice
(e.g., the addition of images) influences affective-motivational out-
comes such as students’ enjoyment of practice, feelings of compe-
tence and experienced task value, as well as experienced effort
and judgments of learning (JOLs), as these might influence
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students’ willingness to engage in (further) retrieval practice. At
present, very little is known about motivational processes in re-
trieval practice (Kang & Pashler, 2014), besides the fact that learn-
ers often underestimate benefits of retrieval and prefer other study
strategies (Bjork et al., 2013; Karpicke & Roediger, 2008). How-
ever, the emotional design of learning materials (Plass & Kaplan,
2016), for example, the choice of colors and shapes, can elevate
learners’ affective-motivational state and enhance learning (e.g.,
Mayer & Estrella, 2014; Um et al., 2012; for overviews, see Brom
et al., 2018; Plass & Kaplan, 2016). Adding images to learning
materials has been shown to induce more positive mood, higher
alertness, higher satisfaction, and reduce the perceived difficulty
of the learning materials (e.g., Lenzner et al., 2013; Sung &
Mayer, 2012). Moreover, higher retrieval success during practice
with images could increase pleasant feelings of competence and
satisfaction with the correctness of the own responses, which moti-
vate learners to engage in a task (Efklides, 2006). Overall, prior
research suggests that adding images to retrieval practice might
enhance affective-motivational outcomes.
Images could also change learners’ judgments about their own

learning, which in turn influence study behaviors (e.g., Finn &
Tauber, 2015). In general, studies have shown that learners tend to
underestimate the benefits of (repeated) effortful retrieval practice
in comparison to other study strategies like restudying (e.g.,
Karpicke & Roediger, 2008; McCabe, 2011; Roediger & Karpicke,
2006b), and use retrieval tasks to measure their current state of
knowledge rather than to practice materials for better long-term
retention (e.g., Kornell & Son, 2009; for a review, see Bjork et al.,
2013; Rivers, 2020). Learners who do not recognize the general
benefits of effortful retrieval practice, are likely unaware that reduc-
ing retrieval effort (e.g., by providing hints that make retrieval exer-
cises easier) could reduce their learning. This could result in an
overestimation of learning with images in the present study, in par-
ticular because learners often hold multimedia heuristics and inter-
pret fluency during practice as an indicator of successful learning.
For one, learners hold beliefs about the effects of images on learn-
ing, also called multimedia heuristics (Serra & Dunlosky, 2010).
When asked, many learners self-identify as “visual learners” who
prefer materials with a visual component (Mayer & Massa, 2003 in
Butcher, 2014) and learners predict their learning outcomes to be
higher when instructional materials contain images in addition to
written text, compared to text-only materials (e.g., Eitel, 2016;
Jaeger & Wiley, 2014; Serra & Dunlosky, 2010). For instance,
learners expect that vocabulary items that are paired with images of
their meaning are learned better than the same vocabulary items
paired with a written translation (Carpenter & Geller, 2020; Carpen-
ter & Olson, 2012, Experiment 4). However, multimedia heuristics
are not always accurate and might actually make learners overconfi-
dent in their ability to recall learning materials that contain images
(Carpenter & Geller, 2020; Carpenter & Olson, 2012). Retrieval
practice with images might thus—incorrectly—appear more effec-
tive to learners than practice without images.
A second mechanism besides multimedia heuristics, which

could further inflate JOLs about practice with images, is the expe-
rience of increased response fluency and reduced mental effort (de
Bruin et al., 2020; Kirk-Johnson et al., 2019). When learners
respond fluently, their JOLs tend to be higher and vice versa, as
the time to retrieve a target increases, JOLs decrease (Benjamin
et al., 1998; Koriat & Ma’ayan, 2005). Problematically, aspects of

practice that increase fluency do not always also increase learning
and may even hamper learning (for example, massed repetition in
quick succession leads to fluent answers during practice, but pro-
duces inferior long-term learning compared with repetition that is
distributed over time [Cepeda et al., 2008; see also the idea of de-
sirable difficulties, Bjork, 1994; Yan et al., 2017]). When learners
fail to realize that fluency during practice is driven by characteris-
tics of the learning materials (e.g., massed repetition) rather than
their own progress, this can lead to overestimation of learning out-
comes (Benjamin et al., 1998). Thus, if images increase response
fluency and reduce the experience of effort during retrieval prac-
tice without improving learning outcomes, this is a second mecha-
nism besides multimedia heuristics, which might cause learners to
overestimate themselves when practicing retrieval with images
(compared with practice without images).

The Present Study

Prior research has established that retrieval practice is a beneficial
study strategy for vocabulary learning (e.g., Barcroft, 2007; Goos-
sens et al., 2014; Nakata, 2017), and that adding images to vocabu-
lary exercises is potentially beneficial (Akbulut, 2007; Hald et al.,
2016; Kim & Gilman, 2008; Shahrokni, 2009; Tonzar et al., 2009;
Yeh & Wang, 2013; Yoshii, 2006; for an overview of older studies,
see Sadoski, 2005). However, there is a lack of information about
the effect of combining retrieval practice with images. This consti-
tutes a gap in the literature because images are likely to affect inter-
active retrieval exercises in different ways than encoding or
assessment tasks, which have been addressed in prior multimedia
learning research (e.g., Butcher, 2006; Lindner, Lüdtke, et al.,
2017). Therefore, the present study tested the effect of adding
images during retrieval practice, taking into account students’ learn-
ing outcomes, affective-motivational outcomes (i.e., enjoyment, per-
ceived competence, task value, mental effort, experienced difficulty,
and task preferences) and judgements of learning. In three classroom
experiments, of which the first two were carried out in parallel,
Dutch secondary education students practiced foreign vocabulary
through retrieval practice with or without images (see Figure 1). Dif-
ferent vocabulary materials were used in each experiment because
images might affect the retention of concrete words differently from
more abstract idioms and words (Farley et al., 2012, 2014; Shen,
2003), and because images might affect retention differently depend-
ing on the degree to which retrieval effort is reduced (cf. retrieval-
effort theories, Pyc & Rawson, 2009; Rowland, 2014).

First, we tested how adding images to retrieval practice influences
learning outcomes (i.e., recall on a delayed posttest). On the one
hand, positive effects of images that are found during encoding of
vocabulary (i.e., efficient processing of multimodal input and
enhanced elaboration) could also occur during retrieval exercises
and thereby enhance learning. On the other hand, images could very
well have negative effects if they interfere with the core retrieval
process, reducing retrieval effort and creating context-dependency.
The trade-off between these potential positive and negative effects
has not yet been studied. We predict, however, that the overall effect
on learning would also depend on when images are added to re-
trieval practice. Negative effects would be expected when images
are visible during the retrieval attempt, when they may interfere with
effortful retrieval by providing hints. In contrast, potential positive
effects of images such as enhanced elaboration are most likely when
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learners encode presented images, such as during feedback process-
ing after a retrieval attempt. To foreshadow: Experiment 1 therefore
specifically focused on the effect of adding images during the re-
trieval attempt; Experiment 2 focused on the combined effect of

adding images during the retrieval attempt and subsequent feedback
processing; and Experiment 3 tested and contrasted both effects.

Regarding affective-motivational outcomes, we expected that
images would increase students’ feelings of competence and enjoy-
ment and reduce perceived task difficulty, based on previous studies
(e.g., Lenzner et al., 2013; Schneider et al., 2016). Third, we expected
images to cause higher JOLs and (more) overestimation of the own
performance due to learners’ reliance on multimedia heuristics and
increased response fluency during practice with images, in combina-
tion with a general unawareness of the benefits of effortful retrieval.

Experiment 1

Method

Participants

Participants were 80 students in Dutch secondary education
(Mage = 13.5, SD = 1.04; 46 girls, 34 boys). The Netherlands has a
tracked system for secondary education; the participating students
were enrolled in the two highest tracks (“havo/vwo”), which pre-
pare for higher education at a university of applied sciences or a
research university. Six students missed Session 2, resulting in
N = 80 for Session 1, and N = 74 for Session 2. One student indi-
cated that she had prior knowledge of Spanish, but her perform-
ance was comparable with the other students and excluding her
data did not change results, therefore her data was included. The
other students reported no prior knowledge.

Materials

Stimuli. Participants studied 20 Spanish words with Dutch
translation (e.g., arbol = tree, reloj = clock), distributed across two
lists of ten words that were matched on imageability (determined
with Van Loon-Vervoorn, 1985), frequency of the Dutch word
(Corpus Hedendaags Nederlands, 2013), and word length in Span-
ish and Dutch. For each word, a color drawing was selected that
depicted the word meaning (e.g., an image of a tree or clock).
Initial Encoding. During the initial encoding prior to retrieval

practice, the Spanish words were presented one by one in a ran-
dom order together with their Dutch translation and an image of
the word meaning, for 4 s. This presentation was repeated once, in
a different random order.
Retrieval Practice: Images-During-and-After-Retrieval or

Images-After-Retrieval. During retrieval practice, the Spanish
words were presented one by one, and students were asked to type
in the Dutch translation (e.g., arbol =?). Immediately after response
submission, feedback was given: A green checkmark indicated a
correct response or a red cross indicated an incorrect response.
Then the Spanish word was shown with the correct translation and
image for 4 s, independent of the correctness of the response. Pro-
viding feedback about the correct answer is common in retrieval
practice research (cf., Adesope et al., 2017; Rowland, 2014), such
feedback allows learners to restudy what they could not retrieve cor-
rectly and enhances learning (e.g., Pashler et al., 2005).

There were two different retrieval practice conditions, which dif-
fered in the timing of the display of the images (see Figure 1): In
the images-during-and-after-retrieval condition, the images were
shown in the response phase together with the Spanish prompt, so

Figure 1
Retrieval Practice Conditions

Note. Experiment 1 compared the “images-during-and-after-retrieval”
condition and the “images-after-retrieval” condition. Experiment 2 com-
pared “images-during-and-after-retrieval” and “no images” conditions.
Experiment 3 compared all three conditions. (The depicted item was used
in Experiment 3.) See the online article for the color version of this figure.
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that students could see them when retrieving the word meaning,
and remained visible during the feedback phase. In the images-af-
ter-retrieval condition, the images were shown only after students
had submitted a response, as part of the feedback phase. Each stu-
dent practiced one list of words with images-during-and-after-re-
trieval, and one list of words with images-after-retrieval, with
counterbalanced assignment.
Posttest Measures of Learning Outcomes. Three different

recall tests were administered in Session 2. Students first translated
from Spanish to Dutch (testing recall of word meaning), then from
Dutch to Spanish (testing recall of word form), and then again
from Dutch to Spanish while in addition to the Dutch word, the
image from practice was visible (recall of word form, prompted
with images). No feedback was given during the tests. To describe
learning outcomes, the proportion of correct responses was calcu-
lated per test, per practice condition. For the recall of the foreign
word form, we calculated two scores: a strict score (where only
exact responses counted as correct, e.g., reloj) and a lenient score
that counted responses with spelling errors as correct when they
had an edit distance of two or lower (i.e., no more than two letters
had to be added or removed to get to the perfect answer; relo or
reljo instead of reloj were counted as correct; cf., van den Broek
et al., 2018). For the recall of word meaning, responses with an
edit distance below 2 were counted as correct.

Affective-Motivational Outcomes

Mental Effort. The experienced mental effort during practice
was measured with two items: “How much effort did you invest in
this task?” and “How difficult was the task?” Answers were given on
a 7-point Likert scale from 1 = very little effort to 7 = very much effort
and 1 = very easy to 7 = very difficult (cf. Schmeck et al., 2015). As a
more objective indicator of effort during learning, we report response
accuracy and reaction times for correct responses during practice.
Enjoyment, Feelings of Competence, Task Value, and Task

Preference. Ten items from the Intrinsic Motivation Inventory
(Center for Selfdetermination Theory, n.d.) were used to measure stu-
dents’ subjective experience of executing the task, in terms of enjoy-
ment (four items of the intrinsic motivation scale, e.g., “I enjoyed
this word learning task”), feelings of competence (four items, e.g., “I
am satisfied with my performance during this word learning task”),
and task value (two items, e.g., “I think that this task helps me learn
new words”).1 The items were presented in an intermixed order; for
each item, students responded on a 7-point Likert-scale from 1 = not
true to 7 = true. For statistical analyses, the average response was cal-
culated per subscale, resulting in values ranging from 1 to 7. The sub-
scales all had high internal consistency (feelings of competence after
practice with images-during-and-after-retrieval: Cronbach’s alpha =
.72, all other scales/measurement moments a . .83). Finally, as a
direct measure of task preference, students were asked at the end of
the practice session which of the two retrieval tasks they would use
to learn words on a different occasion.
Judgments of Learning. Students made two types of JOL after

each block of retrieval practice. First, students were asked to indicate
more globally how well they knew the words that they had practiced,
on a scale from 1 = not well at all to 7 = very well. Henceforth, we
will refer to this as “general JOL.” Second, students were asked
more specifically how many of the 10 practiced words they expected
to be able to translate after 4 days (0–10; cf., Baars et al., 2013,

2014). This answer was divided by 10 to calculate the proportion of
words that students expected to remember. For brevity, henceforth,
we will refer to this measure as “specific JOL”—but it should not be
confused with item-specific JOLs used in other studies.

Procedure

The two sessions of the experiment were conducted in a classroom
at the students’ school, where students worked individually at a com-
puter. We used the Gorilla experiment Builder (www.gorilla.sc) to
create and host our experiment (Anwyl-Irvine et al., 2020). A teacher
and one researcher, who is a certified teacher, were present during
the whole session. In the first session, students completed two prac-
tice blocks, which each consisted of initial encoding and three re-
trieval rounds. Per practice block, students first encoded one of the
two lists of words. Then, participants engaged in three rounds of re-
trieval practice of that list either with images-during-and-after-re-
trieval or with images-after-retrieval. After retrieval practice, students
completed ratings of affective-motivational outcomes and JOLs.
Next, the same steps (encoding, retrieval, survey ratings) were
repeated for the second list of words, in the other retrieval practice
condition. In Session 2, four days after Session 1, the students com-
pleted the three posttests to measure learning outcomes. Session 1
took about 50 min; Session 2 took about 20 min.

Design and Data Analysis

We experimentally manipulated the within-subjects factor retrieval
practice condition (images-during-and-after-retrieval, images-after-re-
trieval) by counterbalancing the assignment of the two matched word
lists to the conditions and the order of conditions. Manipulation checks
showed that the effect of the practice condition was comparable inde-
pendent of assignment to stimulus lists and the order of conditions,
therefore counterbalancing groups are combined in the following anal-
yses. The main dependent variables were learning outcomes (the pro-
portion of correct responses on the three recall posttests), affective-
motivational outcomes (i.e., effort, difficulty, enjoyment, feelings of
competence, task value), and JOLs. These were compared between the
two retrieval practice conditions using t-tests for paired samples. In
order to describe the accuracy of JOLs, the proportion of words that
students expected to remember was compared with the actual propor-
tion of remembered words, using t-tests for paired samples. Bayes fac-
tors (BF01) are reported to quantify the evidence for the null
hypothesis in case of nonsignificant differences (based on two-sided t-
tests with a default Cauchy prior width of r = .707). The reported BF01
indicates how much more likely the observed data are under the null
hypothesis than under the alternative hypothesis that there is a differ-
ence between the conditions (e.g., BF01 = 5 indicates that the data are
five times more likely under the null hypothesis). We use verbal classi-
fications to interpret evidence strength (cf. Jeffreys, 1961 in Wetzels &
Wagenmakers, 2012). As it is increasingly recommended to use
mixed-effects modeling in psycholinguistic research (Baayen et al.,
2008), the main analyses were also replicated using mixed logit mod-
els with crossed random effects for items and participants (using the
glmer function in the lme4 package, Bates et al., 2015; in R, Version

1 The IMI subscales “experienced control,” “effort,” and “experienced
pressure” were not used in the present study. The IMI provides reliable
measures also when only subscales are selected (Center for
Selfdetermination Theory, n.d.).
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3.1.2; R Core Team, 2014). Unless stated otherwise in the text, all
effects of t-tests or factorial analyses of the aggregated data were repli-
cated in the mixed models.
In addition to the main analyses, we conducted two exploratory

analyses. First, a repeated measures ANOVA tested whether the effect
of the retrieval practice condition on learning outcomes was moder-
ated by students’ retrieval success. For this analysis, students were
binned into categories of low/medium/high retrieval success, using M
þ/�1 SD as cut-off scores. Second, we conducted a mediation analy-
sis to test if the effect of the practice condition on learning outcomes
was mediated by mental effort experienced during practice, using the
MEMORE macro for two-condition within-participant mediation
analysis (Version 2.0, Montoya & Hayes, 2017) with 5,000 boot-
strapped samples (percentile bootstrapping) in SPSS. The practice
condition was entered as independent variable, mental effort as media-
tor, and learning outcomes (posttest score) as dependent variable.
The data files of this project can be accessed via https://osf.io/

3kb2h/?view_only=b9b7d817af5f4a55b697caec2bcbd335

Results

What is the Effect of Images During the Response Phase
of Retrieval Practice on Learning Outcomes?

On all three posttests in Session 2, students scored significantly
lower on words practiced in the images-during-and-after-retrieval
condition than on words practiced in the images-after-retrieval condi-
tion (recall of word meaning, tSpNl(73) = 8.29, p , .001, d = 1.01,
95% CIdiff [.19, .31]; recall of word form, tNlSp(73) = 6.31,
p , .001, d = .74, 95% CIdiff [.12, .23]; recall of word form tested
with images, tNlSpImage(73) = 6.27, p, .001, d = .72, 95% CIdiff [.11,
.21], average scores are presented in Table 1). When spelling errors
were scored leniently for word form recall, effects remained signifi-
cant and large (dNlSp = .88; dNlSpImage = .87). Descriptive statistics for
all outcome measures are included in Figure 2 and Table 1.

What is the Effect of Images During the Response Phase
of Retrieval Practice on Affective-Motivational Outcomes?

Mental Effort and Performance During Practice. Students
rated both the experienced task difficulty and the amount of invested
mental effort during practice significantly lower in the images-dur-
ing-and-after-retrieval condition than in the images-after-retrieval
condition, t(79) = 10.62, p, .001, d = 1.63 (large effect), 95% CIdiff
[1.63, 2.38] and t(79) = 9.09, p , .001, d = 1.27, 95% CIdiff [1.34,
2.09]. Differences in practice performance were in line with these
self-reports: Learners gave a significantly higher proportion of cor-
rect answers in the images-during-and-after-retrieval than in the
images-after-retrieval condition, t(79) = 11.36, p , .001, d = 1.59,
95% CIdiff [.20; .28], and were also significantly faster to give cor-
rect responses in the images-during-and-after-retrieval condition;
t(79) = �8.20, p, .001, d = .75, 95% CIdiff [�838, �511]2 (see Ta-
ble 1 for descriptive statistics). All measures thus indicate that the
images-during-and-after-retrieval condition was easier and less
effortful than the images-after-retrieval condition.
Enjoyment, Feelings of Competence, Task Value, and Task

Preference. Ratings of enjoyment did not differ significantly
between the two conditions, t(79) = 1.72, p = .089, d = .18, 95%
CIdiff [�.04, .56], BF01 = 1.98 (anecdotal evidence for null hypoth-
esis). Students indicated significantly higher feelings of

competence after practice in the images-during-and-after-retrieval
condition than in the images-after-retrieval condition, t(79) = 3.95,
p, .001, d = .53, 95% CIdiff [.38, 1.17]. In contrast, students rated
the task value (i.e., the usefulness of the exercise) higher in the
images-after-retrieval condition than in the images-during-and-af-
ter-retrieval condition, t(79) = 5.83, p , .001, d = .81, 95% CIdiff
[.89, 1.82]. On the question which word learning task they would
prefer when learning words in the future, 62 out of the 80 students
chose the more effective images-after-retrieval condition, and only
18 chose the images-during-and-after-retrieval condition.

What is the Effect of Images During the Response Phase
of Retrieval Practice on Students’ Judgments of Learning
(JOLs)?

Students’ global judgments of how well they knew the practiced
words were positive in both conditions (MImagesAfterRetrieval = 4.61
and MImagesDuringAndAfterRetrieval = 4.34, rated on a scale from 1 =
not good at all to 7 = very good) and there was no significant dif-
ference between the conditions, t(79) = 1.05, p = .30, d = .16
(small effect), 95% CIdiff [�.25, .80], BF01 = 4.80 (moderate evi-
dence for null hypothesis). Students’ specific JOLs, that is, their
predictions of how many items they expected to recall on a
delayed test did also not differ significantly between conditions,
t(79) = 1.47, p = .144, d = .19, 95% CIdiff [�.16, 1.09], BF01 =
2.87 (anecdotal evidence for null hypothesis). However, there was
a difference in the accuracy of the specific JOLs between condi-
tions (which is not surprising given that the actual results on the
final test differed between conditions): On average, students
underestimated their retention in the images-after-retrieval condi-
tion, t(73) = �4.06, p , .001, d = .50, 95% CIdiff [�.18, �.06] but
overestimated their retention in the images-during-and-after-re-
trieval condition, t(73) = 2.49, p = .015, d = .35 (small effect),
95% CIdiff [.02, .16].

3 Descriptive statistics of the predicted scores
and actual scores are included in Table 1.

Exploratory Analyses

Is the Effect of the Retrieval Practice Condition on Learning
Outcomes Moderated by Retrieval Success During Practice? An
additional exploratory repeated measures analysis was conducted
with students grouped by retrieval success during practice with
images-after-retrieval. This was done because benefits of retrieval
practice sometimes depend on retrieval success during practice
(Jang et al., 2012; Rowland & DeLosh, 2015; van den Broek et al.,
2014), and the images enhanced retrieval success. This enhance-
ment of retrieval success might, for instance, be especially benefi-
cial for students who otherwise struggle with the task. However,
results showed no such interaction between the practice condition

2Mixed modelling analyses of inverse-transformed reaction times
(transformation selected based on correlation between observed and
expected quantiles, cf. Baayen & Milin, 2015) also showed significantly
faster reaction times with images-during-and-after-retrieval than images-
after-retrieval.

3 Analyses were repeated with the square of the difference between
predicted and actual score (cf. calibration and absolute calibration scores in
Baars et al., 2014). These analyses showed no significant difference
between the conditions. On average, the square of the prediction error was
0.08 (SD = 0.10;H0.08 = 0.28) for the no-image condition, and 0.11 (SD =
0.17;H0.11=0.32) for the images-during-and-after-retrieval condition.

MULTIMEDIA EFFECTS DURING RETRIEVAL PRACTICE 1593

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.

https://osf.io/3kb2h/?view_only=b9b7d817af5f4a55b697caec2bcbd335
https://osf.io/3kb2h/?view_only=b9b7d817af5f4a55b697caec2bcbd335


and retrieval success: Students who had higher retrieval success
during practice also showed higher recall on the final test, F(2,
71) = 7.93, p = .001, h2 = .18. In addition, students showed lower
recall for the words practiced with images-during-and-after-
retrieval than with images-after-retrieval, F(1, 71) = 24.53, p ,
.001, h2 = .26. However, this negative effect of adding images dur-
ing the response phase of retrieval practice was independent of re-
trieval success (that is, there was no significant interaction effect,
F(2, 71) = 1.33, p = .27, h2 = .04).
To What Extent is the Effect of the Retrieval Practice

Condition on Learning Outcomes Mediated by Mental Effort
Experienced During Practice? One possible explanation for the
effect of the practice condition on learning outcomes is that images-

during-retrieval reduced retrieval effort compared to images-after
retrieval, which in turn reduced learning (cf. the retrieval effort hy-
pothesis, e.g., Pyc & Rawson, 2009). We therefore tested to what
extent the reported mental effort—as a proxy of retrieval effort—
mediated the relationship between the practice condition and learn-
ing outcomes. All paths in the model were significant, replicating
the significant effects of practice condition on learning outcomes
(c = .25, p , .001) and mental effort (a = 1.68, p , .001) reported
in the previous section. The analysis further indicated a significant
indirect effect of condition on learning outcomes via mental effort,
where the 95% CI did not include zero (ab = .07, 95% CI [.01,
.16]), as well as a significant direct effect (c’ = .18, p , .001, 95%
CI [.10, .27]). Mediation was thus partial; approximately 28% (.07/

Table 1
Average Learning Outcomes and Affective-Motivational Outcomes per Retrieval Practice Condition in Experiments 1 to 3

Images-during-
and-after-retrieval

Images-after-
retrieval No-images

Outcome measures per experiment M SD M SD M SD

Experiment 1
Learning outcomes
(scale 0�1.0)

Recall of word meaning 0.39 0.26 0.64 0.23 na na
Recall of word form 0.27 0.21 0.44 0.25 na na
Recall of word form, lenient score 0.34 0.24 0.54 0.23 na na
Recall of word form, test with images 0.28 0.22 0.44 0.24 na na

Affective-motivational outcomes
Experienced mental effort
(scale 1�7)

Effort 1.73 1.10 3.44 1.53 na na
Difficulty 1.51 0.86 3.51 1.50 na na

Practice performance Accuracy 0.95 0.07 0.71 0.19 na na
Reaction times (ms) 3,968 867 4,642 919 na na

Intrinsic motivation
(scale 1�7)

Enjoyment 3.51 1.46 3.77 1.46 na na

Competence 5.50 1.26 4.72 1.62 na na
Task value 4.04 1.94 5.39 1.34 na na
Task preference 22.5% 77.5%

Judgements of learning General JOL 4.34 1.73 4.61 1.68 na na
Predicted score 4.7 2.56 5.16 2.35 na na

Experiment 2
Learning outcomes
(scale 0�1.0)

Transfer 0.30 0.21 na na 0.34 0.22
Recall of idioms 0.59 0.23 na na 0.71 0.22
Recall of idioms

(test with images)
0.90 0.16 na na 0.88 0.15

Cloze task 0.93 0.10 0.91 0.12
Affective-motivational outcomes
Experienced mental effort
(scale 1�7)

Effort 2.89 1.36 na na 2.98 1.40

Difficulty 2.74 1.39 na na 2.79 1.53
Practice performance Accuracy 0.84 0.13 na na 0.76 0.18

Reaction times 7,306 1,370 na na 7,910 1,398
Intrinsic motivation
(scale 1�7)

Enjoyment 4.33 1.55 na na 4.24 1.56

Competence 5.04 1.30 na na 4.73 1.49
Task value 5.03 1.61 na na 5.13 1.52
Task preferences 64% 35%

Judgements of learning General JOL 5.47 1.38 na na 5.22 1.42
Predicted score 6.42 2.48 na na 5.97 2.47

Experiment 3
Learning outcomes Recall of word meaning 0.40 0.23 0.64 0.25 0.59 0.25

Recall of word meaning
(test with images)

0.93 0.10 0.90 0.15 0.72 0.21

Practice performance Accuracy 0.82 0.10 0.49 0.20 0.50 0.21
Reaction times 4,652 935 5,179 998 5,176 897
Task preference 55% 22% 6%

Note. JOL = judgments of learning.
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.25) of the effect of the practice condition on learning outcomes can
be explained by the mediating effect through mental effort.

Discussion

Students’ learning outcomes on a delayed posttest—cued recall
of word meaning, and recall of the word form with and without the
images from practice—was significantly lower four days after prac-
tice with images-during-and-after-retrieval compared with practice
with images-after-retrieval, where images appeared after the re-
trieval (attempt). This negative effect of adding images to the
response phase of retrieval practice was independent of students’
retrieval success during practice. That is, even students who
showed low retrieval success—those who most markedly enhanced
their retrieval success when images were added to the response
phase—learned less with images-during-and-after-retrieval than
with images-after-retrieval. A possible explanation for this finding
is that while learning outcomes of retrieval practice sometimes
increase with retrieval success during practice (Jang et al., 2012;
Rowland & DeLosh, 2015; van den Broek et al., 2014), retrieval
success has only limited impact when feedback is available like in
the present study (Kornell et al., 2015; Rowland, 2014).
During practice with images-during-and-after-retrieval, students

answered correctly more often and faster and experienced less
mental effort compared with practice with images-after-retrieval.
Exploratory analyses showed that this reduced mental effort par-
tially mediated the effect of the practice condition on learning,

suggesting that adding images during retrieval attempts had a neg-
ative effect on learning by reducing effortful processing. This find-
ing is in line with retrieval effort theories that propose that making
retrieval practice easier reduces learning (e.g., Carpenter, 2009;
Carpenter & Delosh, 2006; Coppens et al., 2020; Pyc & Rawson,
2009).4

Regarding affective-motivational measures, images-during-and-
after-retrieval furthermore increased feelings of competence com-
pared to practice with images-after-retrieval, but did not influence
students’ enjoyment of practice. Images in the response phase of
retrieval practice (accurately) reduced students’ ratings of the task
value and a majority of the students preferred the more effective
images-after-retrieval condition over the images-during-and-after-
retrieval condition. Yet, JOLs were less accurate in the images-
during-and-after-retrieval condition: Students overestimated how
much they learned with images-during-and-after-retrieval and
underestimated how much they learned in the more effective prac-
tice condition with images-after-retrieval.

Overall, the results of Experiment 1 suggest that the reduction
of retrieval effort and the possible creation of context-dependent

Figure 2
Learning Outcomes on the Three Delayed Posttests and JOL Made After Retrieval Practice in
Session 1, Split by Retrieval Practice Condition (in Experiment 1)

Note. Bar graphs display mean 6 SE; the violin plots show a smoothed density curve to show the full distribu-
tion of recall scores. JOL = judgments of learning. See the online article for the color version of this figure.

4 Note, however, that the concept of retrieval effort as discussed in the
literature (e.g., Rowland, 2014) is different from the broader concept of
mental effort (Paas, 1992) that was measured in the present study. To allow
stronger conclusions, future research should more directly measure
retrieval effort to test the indirect effect of retrieval practice conditions on
learning via retrieval effort.
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memories through the introduction of images during the response
phase of retrieval practice outweighed any potential benefits of
elaboration or multimodal processing through extra exposure to
images. In addition, images-during-and-after-retrieval did not
enhance affective-motivational outcomes besides feelings of com-
petence, and led learners to overestimate their retention.

Experiment 2

Experiment 2 tested how images influence learning of idioms.
The basic paradigm was similar to Experiment 1 but we made a
number of adjustments that increased the chance of finding bene-
fits of images: Experiment 2 included more complex stimuli (idio-
matic expressions) than the concrete nouns used in Experiment 1,
images provided more subtle hints, and a transfer test was added.
These characteristics of Experiment 2 increase the chance to find
benefits of images because images are particularly beneficial for
learning abstract words and idiomatic expressions (Farley et al.,
2012; Szczepaniak & Lew, 2011), because less informative images
might preserve beneficial retrieval effort during practice as they
facilitate but do not obviate the retrieval process (cf. the retrieval
effort hypothesis, Pyc & Rawson, 2009), and because multimedia
effects may be stronger when outcome measures focus on under-
standing (i.e., transfer tests) rather than retention (Butcher, 2014).
In addition, the comparison condition in Experiment 2 contained
no images. This differed from Experiment 1, where the compari-
son condition included images in the feedback phase after the re-
trieval attempt (the images-after-retrieval condition, see Figure 1).
Because of this comparison condition, Experiment 1 focused spe-
cifically on the effect of adding images in the response phase of re-
trieval practice. In contrast, the no-image comparison condition in
Experiment 2 allowed us to evaluate the combined effect of adding
images in both the response phase (where negative effects may
occur due to reduced retrieval effort and increased context-de-
pendency) and the feedback phase of retrieval practice (where the
effect of images is predicted to be positive).

Method

Participants

Participants were 135 students from Dutch secondary education
schools (Mage = 12.30, SD = 0.59, 51 girls, 84 boys). Data were
collected in a similar population as in Experiment 1 (i.e., tracks of
secondary education which prepare students for university educa-
tion), during students’ English-as-foreign-language classes.

Materials

Stimuli. Participants practiced 20 English idioms, such as
“spill the beans” or “once in a blue moon.” These idioms were
paired with a Dutch explanation (e.g., “to spill the beans” =
“een geheim verklappen” [English: “to reveal a secret”]) and a
clipart image of the literal meaning of the idiom (e.g., a person
spilling a bag of beans). Criteria for the selection of idioms were
that there was no comparable idiom in Dutch, and that the literal
and figurative meaning of the idiom were understandable for the
students, as judged by one of the participating teachers. The idi-
oms were distributed across two lists of 10 items that were
matched on idiom/explanation length and that were used for

counterbalancing. Manipulation checks showed that List 2 led
to lower transfer and retention on the posttest compared with
List 1, but to higher scores on the posttest with images if prac-
ticed with images. Moreover, performance in the first round of
practice was significantly better for List 2 than List 1 if prac-
ticed with images (but not in the no-image condition). Possibly,
the images of List 2 were more informative but led to lower
learning outcomes on the posttests without images. However,
the assignment of lists to conditions was counterbalanced and
should therefore not have affected the overall within-subject
comparison of the two practice conditions. Moreover, the col-
lapsed effects reported hereafter were also tested (and repli-
cated) with a mixed model that controlled for random item
effects, suggesting that the reported effects are not due to item
differences between conditions.
Initial Encoding. During encoding, the idioms were intro-

duced one by one. Each encoding trial took 18 s: Idioms were first
shown with a Dutch explanation for 4 s, then a context sentence
was added that illustrated the meaning of the idiom (e.g., “My
grandparents live in America. I see them only once in a blue
moon”), and after another 10 s an image was added that depicted
the literal meaning of the idiom. After 4 s, the next trial started.
This encoding procedure was done twice per list of stimuli, in dif-
ferent random order. Encoding trials in Experiment 2 were longer
in comparison to Experiment 1 due to the more complex nature of
the stimuli (see Table 2 for a complete overview of differences in
experimental procedures between experiments).
Retrieval Practice: Images-During-and-After-Retrieval or

No-Images. During retrieval practice, students saw a Dutch
(their first language) description and typed in the English idiom. In
the images-during-and-after-retrieval condition, the Dutch descrip-
tion was shown together with the image (see Figure 1); in the
no-image condition, no image was shown, neither during nor after
retrieval. There was a time-out after 14 s where the program auto-
matically proceeded to show feedback. After response submission
or time-out, corrective feedback was shown as in Experiment 1.
There were four rounds of retrieval practice per stimulus list.
Posttest Measures of Learning Outcomes. Four tests were

administered in Session 2, two days after the practice session
(the delay between practice and posttest differed from Experi-
ment 1 because it was determined based on the participating
school’s schedule). First, students took a transfer test for which
they read a context sentence and had to provide the practiced id-
iom that fit the context (e.g., “I have to go home and _____. I
have an important exam next week.” Correct answer: hit the
books). Second, students took a retention test on which they read
the Dutch explanations and typed in the English idiom. On the
third test, the Dutch explanations were shown together with the
image from the images-during-and-after-retrieval condition, and
students again tried to type in the English idiom. Fourth, a cloze
test was done in which students completed fragments of the idi-
oms (e.g., “It is raining ___ and ___.” Correct answer: cats,
dogs). To describe learning outcomes, the proportion of correct
responses was calculated per test, as in Experiment 1. This
resulted in four measures: Transfer, idiom recall, idiom recall on
test with images, and idiom completion on cloze test. Spelling
errors were counted as correct answers when they had an edit
distance of three or lower.
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Ratings of Affective-Motivational Outcomes. The same
measures and the same procedure was used as in Experiment 1,
with students rating perceived mental effort, task difficulty, enjoy-
ment, feelings of competence, task value, and metacognitive judg-
ments after each practice block.

Results

What is the Effect of Images-During-and-After-Retrieval
on Learning Outcomes?

Students’ learning outcomes were significantly higher for words
practiced without images than for words practiced with images-dur-
ing-and-after-retrieval on both the transfer test, t(134) = 2.36, p = .02,
d = .21, 95% CIdiff [.01, .08] and on the idiom recall test,
t(133) = 7.16, p , .001, d = .53, 95% CIdiff [.09, .15].

5 Idiom recall
on the test with images was overall high and not significantly differ-
ent in the two conditions, t(134) = �1.1, p = .28, d = .09, 95% CIdiff
[�.04, .01], BF01 = 5.84 (moderate evidence for H0). On the fourth
test, in which participants completed idiom fragments (e.g., “Once in
a ____ moon”), performance was higher for idioms practiced with
images-during-and-after-retrieval than for idioms practiced without
images, t(134) = 2.24, p = .03, d = .21, 95% CIdiff [.002, .04].

6 For
descriptive statistics, see Figure 3, Table 1.

What is the Effect of Images-During-and-After-Retrieval
on Learners’ Affective-Motivational Outcomes?

Effect of Images-During-and-After-Retrieval on Mental
Effort and Performance During Practice. Ratings of difficulty
of practice and invested mental effort did not differ significantly
between the two retrieval conditions, t(134) = .81, p = .42, d = .06,
95% CIdiff [�.13,.31], BF01 = 7.56, and t(134) = .50, p = .62, d = .04,
95% CIdiff [�.15, .26], BF01 = 9.25 (see Table 1 for descriptives).
However, images influenced performance during practice: Learners
gave significantly more correct answers during practice with images-
during-and-after-retrieval (M = .84) than during practice without
images (M = .76), t(134) = 6.10, p , .001, d = .50, 95% CIdiff [.05,
.10]. Furthermore, learners were significantly faster to give correct
responses in the condition with images-during-and-after-retrieval,
t(134) = 6.96, p, .001, d = .44, 95% CIdiff [408, 732].

Effect of Images-During-and-After-Retrieval on Enjoyment,
Feelings of Competence, Task Value, and Task Preference. Stu-
dents gave similar enjoyment ratings in the two retrieval practice
conditions, t(134) = �1.06, p = .29, d = .06, 95% CIdiff [�.27,
.08], BF01 = 6.01, but indicated higher feelings of competence af-
ter practice with images-during-and-after-retrieval than after prac-
tice without images, t(134) = 3.04, p = .003, d = .22, 95% CIdiff
[�.52, �.11]. Ratings for task value did not differ significantly
between conditions, t(134) = .92, p = .36, d = .06, 95% CIdiff
[�.11, .33], BF01 = 6.92. However, on the questionnaire at the end
of Session 1, a majority of 86 students (63.7%) indicated that they
preferred the images-during-and-after-retrieval condition, whereas
only 49 (36.3%) preferred the no-images condition.

What is the Effect of Images-During-and-After-Retrieval
on Students’ Judgments of Learning (JOLs)?

Both global JOLs and specific JOLs (predicted recall out of 10
items) were significantly higher after practice with images-during-
and-after-retrieval than after practice without images, global JOL:
t(134) = �2.29, p = .02, d = .18, 95% CIdiff [�.47, �.03]; specific
JOL: t(134) = �2.50, p = .01, d = .18, 95% CIdiff [�.81, �.09].
The accuracy of JOLs (calculated as: predicted performance-
actual test score) differed between the two retrieval conditions,
t(133) = �6.68, p, .001, d = .58, 95% CIdiff [�2.16;� 1.17]7. Af-
ter the no-image retrieval practice, students significantly underesti-
mated their later test performance (M = �1.09, SD = 2.80),
t(133) = 4.49, p , .001, d = .47, 95% CIdiff [�1.57, �.61]; after

Table 2
Differences in Experimental Procedure Between Experiments

Methodological aspect Experiment 1 Experiment 2 Experiment 3

Stimuli 20 concrete Spanish nouns paired
with Dutch (L1) translation
(e.g., “reloj = clock”)

20 English idioms paired with Dutch
(L1) definition
(e.g., “spill the beans = reveal a
secret”)

24 abstract French words paired with
Dutch (L1) translation
(e.g., “hausse = increase”)

Encoding 2 encoding rounds, each encoding trial
took 4 s; encoding included images

2 encoding rounds, each encoding trial
took 18 s; encoding included
images and context example of
idiom use

2 encoding rounds, each encoding trial
took 6 s; encoding did not include
images

Retrieval practice 4 rounds of retrieval practice,
response: Dutch (L1) translation of
Spanish items

4 rounds of retrieval practice,
response: English idiom

6 rounds of retrieval practice,
response: Dutch (L1) translation of
French items

Experimental conditions Images-during-and-after-retrieval,
Images-after-retrieval

Images-during-and-after-retrieval,
No-images

Images-during-and-after-retrieval,
Images-after-retrieval, No-images

Delay until posttest 4 days after practice 2 days after practice 1 to 3 days (M = 2.1) after practice

Note. L1 = first language.

5 df = 133 because the retention test data of one student were not
correctly recorded due to a technical problem.

6We include the fourth test to provide a complete report of all findings.
However, as we elaborate in the discussion, this test is problematic because
it followed the recall test with images, which may have introduced a
confound in favor of the images-during-and-after-retrieval condition.
Therefore, differences between conditions on the fourth test should be
interpreted cautiously.

7 Analyses of the square of the difference between predicted and actual
score showed no significant difference between the conditions. On average,
the square of the prediction error was 9.02 (SD = 12.33, H9.02 = 3.0) for
the no-images condition, and 8.99 (SD = 12.97, H8.99 =3.0) for the
images-during-and-after-retrieval condition.
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practice with images-during-and-after-retrieval, students overesti-
mated their retention (M = .57, SD = 3.13), t(133) = 2.25, p = .03,
d = .24, 95% CIdiff [.07, 1.08].

Exploratory Analyses

Is the Effect of the Retrieval Practice Condition on Learning
Outcomes Moderated by Retrieval Success During Practice?
Students who had higher retrieval success during practice showed

higher idiom recall on the posttest, F(2, 131) = 40.27, p , .001,
h2 = .38. In addition, idiom recall was higher for idioms practiced
without images than with images-during-and-after-retrieval, F(1,
131) = 27.45, p , .001, h2 = .173. This effect of the retrieval prac-
tice condition on later recall was independent of retrieval success
during practice, Fint(2, 131) = .17, p = .84, h2 = .003.
To What Extent is the Effect of the Retrieval Practice

Condition on Learning Outcomes Mediated by Mental Effort
Experienced During Practice? The mediation analysis indicated
that mental effort did not mediate the relationship between the prac-
tice condition and learning outcomes in Experiment 2. As in the anal-
yses reported before, the total effect of practice condition on learning
outcomes was significant (c = .12, 95% CI [.09, .15], p , .001) but
there was no effect of practice condition on mental effort (a = .07,
95% CI [�.14, .27], p = .52). The coefficient of the indirect effect of
condition on learning outcomes via mental effort was close to 0, and
the confidence interval included 0 (ab = .0006; 95% CI [.002,

�.003]). The effect of the practice condition on learning outcomes
can thus not be explained by a mediating effect through mental effort.

Discussion

In Experiment 2, Dutch students practiced the retrieval of Eng-
lish idioms with and without images. Two days after learning,
both their transfer performance—students’ ability to produce the
appropriate idiom in response to a context description—and idiom
recall were better after retrieval practice without images than after
practice with images-during-and-after-retrieval. These negative
effects of images on learning outcomes strengthen the conclusion
from Experiment 1 that adding images to retrieval practice can
reduce learning and furthermore show that a negative image effect
is obtained also when images are added to both the response and
feedback phase of retrieval practice.

Experiment 2 contained a total of four tests. Whereas the first
two tests—the transfer test and the retention test in which idiom
recall was prompted verbally with a definition—showed negative
effects of images during retrieval practice, results were different
on the third and fourth test. The third test, in which idiom recall
was prompted both verbally and with the images from practice,
showed comparable performance in the two retrieval practice con-
ditions. Although findings need to be interpreted with caution
because performance was very high on this test (Mdn = 0.9/1.0 for

Figure 3
Learning Outcomes on Three Delayed Posttests and JOL Made After Retrieval Practice in Session
1, Split by Retrieval Practice Condition (in Experiment 2)

Note. Bar graphs show the overall mean 6 SE; the violin plots show the distribution of scores (for the right-
most bar, the width of the violin plot was determined separately from the other outcome measures, due to the
pile-up of high scores). Test 4 is not included, as findings on this test are hard to interpret (see Footnote 5).
JOL = judgments of learning. See the online article for the color version of this figure.
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the two conditions), this is an interesting finding that suggests that
retrieval practice with images might specifically put learners at a
disadvantage only when images are not available during later
recall situations, but not when images are available during recall.
A possible explanation for this is that the associations formed dur-
ing retrieval practice with images incorporate images in such a
way that later recall becomes dependent on the images (cf. the
context-dependent memory idea, S. M. Smith & Handy, 2016). On
the fourth test, the cloze test, participants completed idiom frag-
ments. On this test, performance was also very high, and there was
a benefit of the images-during-and-after-retrieval condition. How-
ever, the origin of this image effect is unclear because the cloze
test was conducted directly after the retention test with images. It
is possible that, although performance on the retention test with
images was not significantly different between conditions, seeing
the images on the third test was a stronger reminder for those idi-
oms that students had practiced with images-during-and-after-re-
trieval than for idioms practiced without images. The third test
may thus have helped students subsequently recognize and com-
plete the idiom fragments on the fourth test. Therefore, results on
Test 4 need to be interpreted with caution. Overall, Experiment 2
replicated negative effects of images-during-and-after-retrieval on
delayed learning outcomes (both transfer and idiom recall), when
learning was measured on a posttest without images.
Regarding affective-motivational outcome measures, images

had no effect on the experienced difficulty and mental effort, nor
on students’ enjoyment ratings and assessment of task value.
Unlike in Experiment 1, mental effort also did not mediate the
effect of the practice condition on learning.8 The lack of a main
effect of the practice condition on mental effort suggested instead
that producing the idioms felt similarly effortful to students with
and without images that provided partial hints. However, students
expressed higher feelings of competence in the images-during-
and-after-retrieval condition, as in Experiment 1, and a majority of
students (68% vs. 32%) preferred the condition with images-dur-
ing-and-after-retrieval. Moreover, as in Experiment 1, JOLs were
less accurate in the images-during-and-after-retrieval condition
than in the no-image condition: Students predicted that they had
learned more and overestimated themselves more after practice
with images compared with practice without images.

Experiment 3

Experiment 3 was conducted to test an alternative explanation
for the negative effect of images in Experiment 1 and 2, namely,
that images might not specifically influence the retrieval process
but might have a general negative effect on learning, for example,
by distracting learners. Although multiple studies have shown pos-
itive effects of images in word learning (Akbulut, 2007; Kim &
Gilman, 2008; Shahrokni, 2009; Tonzar et al., 2009; Yeh &
Wang, 2013; Yoshii, 2006; for an overview of older studies, see
Sadoski, 2005), the images in Experiments 1 and 2 represented
similar semantic information as the translations and might there-
fore be considered partially redundant. Redundant or uninforma-
tive images can hamper learning (e.g., Harp & Mayer, 1998;
Kalyuga & Sweller, 2014), and this could explain the negative
effects of images in Experiments 1 and 2. Experiment 3 tested this
alternative explanation by comparing three conditions: images-
during-and-after-retrieval, images-after-retrieval, and no-images

(see Figure 1). We reason that if negative effects of images are
due to reduced retrieval effort and/or context-dependency, the
images-during-and-after-retrieval condition should lead to lower
learning outcomes than the other two conditions, whereas the
images-after-retrieval condition should lead to comparable or
higher learning outcomes than the no-images condition. However,
if images have a general negative effect, the images-after-retrieval
condition should also have lower learning outcomes than the no-
image practice condition. An additional change in Experiment 3
concerned the encoding phase prior to retrieval practice. Experi-
ment 1 and 2 included images during initial encoding; Experiment
3 did not include images during initial encoding. This allowed us
to test whether the effect of images during retrieval practice was
independent of the presence of images during prior encoding,
which is informative because prior research showed that multime-
dia effects in assessment tests may differ depending on the pres-
ence of images in prior encoding (cf. Lindner et al., 2021;
Schneider et al., 2020).

Method

Participants

Participants were 78 students (Mage = 13.8, SD = 0.71; 39 girls,
39 boys) from four Dutch secondary education classes (i.e., tracks
of secondary education which prepare students for university
education).

Materials

Stimuli. Participants practiced translating 24 French words
into Dutch. The words were abstract nouns, with an imageability
rating below 4 on a 7-point-scale (based on published Dutch
norms, Van Loon-Vervoorn, 1985). The French words varied in
length between four and 12 characters (M = 6.7, SD = 2.1), and the
Dutch translations between six and 10 characters (M = 6.7, SD =
1.1). The words were checked by a teacher of one of the participat-
ing classes to exclude words that students likely already knew or
might have trouble understanding. For each word, a color drawing
was selected using Internet resources.
Initial Encoding. There were two encoding rounds in which

the words were presented one by one, for 6 s, together with their
Dutch translation (in a different random order in each encoding
round). Encoding did not include images.
Retrieval Practice: Images-During-and-After-Retrieval, Images-

After-Retrieval, or No-Images. Students practiced eight words
each with images-during-and-after-retrieval, images-after-retrieval
or no-images (see Figure 1). The words were randomly distributed
across the three conditions for each participant and the whole set of
24 words was practiced six times, each time in a different random
order. The practice condition was thus experimentally manipulated
using interleaving. Additional retrieval practice rounds were added to
practice in comparison to Experiments 1 and 2, in order to account
for the larger number of stimuli (see Table 2).
Posttest Measures of Learning Outcomes. The test session

took place 1 to 3 days (M = 2.1, SD = .6) after the first session.

8 This null result should be interpreted with caution because mediation
analyses require a relatively large sample size to detect indirect effects,
even with recent approaches for within-subject designs (Montoya, 2020).
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First, students were asked to translate the 24 French words to
Dutch (cued recall of word meaning, comparable with Experiment
1). Next, the French words were presented together with the image
from practice (cued recall on test with images). There was no test
of word form recall. No feedback was provided on the test. Spell-
ing errors were counted as correct answers when they had an edit
distance of two or lower.
Ratings of Affective-Motivational Outcomes: Students’ Task

Preference. Due to the interleaved experimental design, there
were no separate ratings of affective-motivational outcomes or
metacognitive judgments per condition. However, at the end of
practice, students answered the following question [translated
from Dutch]: “You just practiced some words with images and
some without images. Sometimes the images were immediately
visible, and sometimes only after you submitted a response. Which
way of practice did you like best? (1) Practice without images; (2)
practice with images as hints; (3) Practice with images that
appeared after you gave an answer; (4) No preference.” After the
multiple choice question, students were asked to explain their
choice in an open answer.

Results

What is the Effect of Images During and After Retrieval
on Learning Outcomes?

Cued Recall of Word Meaning. A repeated measures
ANOVA showed a significant main effect of practice condition on
recall on the first posttest, F(1.84, 141.49) = 44.04, p , .001, h2 =
.364, see Table 1 for descriptive statistics. Specifically, recall was
significantly lower in the images-during-and-after-retrieval condi-
tion compared with the no-image condition, d = .79, p , .001, and
compared with the images-after-retrieval condition, d = .98, p ,
.001. The images-after-retrieval condition led to numerically but
not significantly higher recall than the no-image condition, d =
.18, p = .06. See Table 1, Figure 4 for descriptives.
Cued Recall of Word Meaning on Test With Images. There

was also a significant main effect of the practice condition on per-
formance on the second test, which prompted recall with the
images from practice in addition to the Dutch translation, F(1.65,
126.82) = 69.36, p , .001, h2 = .474. On this test, the images-
during-and-after-retrieval condition lead to higher recall than the
images-after-retrieval condition, p = .005, d = .32, which in turn
led to higher recall than the no-image condition, p , .001, d = .93,
see Table 1, Figure 4.

What is the Effect of Images During and After Retrieval
on Learners’ Affective-Motivational Outcomes?

Performance During Practice. Experiment 3 included no sur-
veys of motivation. The practice condition had a significant effect
on practice performance (accuracy: F(2, 154) = 197.1, p , .001,
h2 = .719; reaction times for correct answers: F(1.75, 134.81) =
39.48, p , .001, h2 = .339). Pairwise comparisons showed higher
accuracy and faster response times in the images-during-and-after-
retrieval condition compared to the other two conditions, all p ,
.001. In contrast, the no-image condition and the images-after-
retrieval condition did not differ significantly from each other on ac-
curacy (BF01 = 6.98) nor response times (BF01 = 8.01).

Task Preferences. Of the 78 students, 43 preferred the images-
during-and-after-retrieval condition (55%), 17 preferred the images-
after-retrieval condition (22%), five preferred to practice without
image (6%), and 13 had no preference (17%). Frequently named
explanations for a preference for images were that images or visual
thinking improve retention (e.g., “You often remember the image
better than the word”; mentioned by 32 students) and that images
supported access to the translation during practice (e.g., “Then you
had an idea what the answer could be”; mentioned by 21 students).
Of the 22 students who preferred images-after-retrieval or no-
images, the majority argued that they did not want to associate the
response with the image instead of the French word (“[When] prac-
ticing with an image as hint, I remember the image instead of the
word”; mentioned by 14 students) and five students mentioned that
practice with images did not fit vocabulary tests (“Because on the
test we also do not get hints”). Students typically referred to “link-
ing” or “thinking about” words and images (e.g., “Because then you
need to link the image also to the French word”); only two students
mentioned recall processes (e.g., “Because then you [.] need to know
the French word to give a correct response”). Of the 17 students
who preferred images-after-retrieval, nine students gave multiple rea-
sons (e.g., “Then you do not immediately know the word when you
see the image but you do have the image as example that you can
think of another time”).

Discussion

Experiment 3 showed that adding images to retrieval practice
had a negative effect on later recall only when the images were
visible while learners attempted to retrieve word knowledge from
memory but not when images were visible after learners retrieved
and submitted a response during practice. In fact, adding images
after the retrieval (attempt) had a numerical positive effect on later
recall. This pattern of results suggests that the present study indeed
taps into image effects that are specific to retrieval practice, rather
than a general negative effect of images on vocabulary learning.
Although distractability effects may be to some extent material-
specific, this suggests that it is unlikely that negative effects of
images on learning outcomes in Experiment 1 and 2 were driven
by general effects of distractability.

Experiment 3 also showed that effects of images in retrieval
practice depended on whether the final test prompted recall with or
without the images from practice: On the posttest that included the
images, learners were significantly better when they had practiced
with images (during or after retrieval of the answer) than when
they had practiced without images. This suggests that recall on the
posttest with images was driven by prior exposure to the images:
Likely, students became better at producing the word meaning
when they had previously seen the (abstract) word paired with a
specific image. However, in line with the concept of context-de-
pendency, students were unable to subsequently retrieve the word
meaning when the images were not available anymore on the
posttest (cf. S. M. Smith & Handy, 2014, 2016).

When asked to choose between the three practice conditions,
the majority of the students (55%) preferred images-during-
and-after-retrieval, possibly due to (incorrect) beliefs about
benefits of visual thinking for retention and a preference for
easier practice with images that provide hints. This suggests
that, similar to Experiment 2, the majority of the students
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lacked insight into benefits of effortful retrieval practice and/or
did not recognize negative effects of images on learning from
retrieval. However, there were individual differences between
students. A minority of about 28% understood that the images
were problematic, and some even included cognitive mecha-
nisms in their explanations that were similar to discussions in
the literature (e.g., the possibility that learners may become de-
pendent on images if the images provide hints during retrieval
practice; cf., S. M. Smith & Handy, 2016).

General Discussion

Retrieval practice is a well-established, effective learning
strategy. By testing the effect of adding images (i.e., multimedia)
to retrieval practice, the present study fits into the broader trend
of recent research that is beginning to look into combinations
of retrieval practice with other instructional principles and
learning strategies (e.g., Kubik et al., 2020; Miyatsu & McDa-
niel, 2019). In three classroom experiments, we tested the effect
of presenting images during retrieval practice on students’ vo-
cabulary learning. The main findings can be summarized as fol-
lows. First, we found a reversed multimedia effect in retrieval
practice, where images that provided information about the to-
be-retrieved answer during the response phase of retrieval prac-
tice reduced learning outcomes consistently across the three

experiments. Second, regarding affective-motivational out-
comes, images reduced the experienced mental effort and diffi-
culty (Experiment 1) and increased feelings of competence
(Experiments 1 and 2), but did not influence how much students
reported to enjoy practice. When images provided very strong
hints, students preferred the more effective condition without
images in the response phase of retrieval practice (Experiment
1). However, when images provided partial hints (Experiment
2) or illustrated abstract words (Experiment 3), a majority pre-
ferred practice with images during retrieval, even though that
condition was less effective. Third, on average, students did not
adjust their judgements of learning to account for the negative
effects of images, resulting in more overestimation of their per-
formance in the images-during-and-after-retrieval condition
than in the other conditions (Experiments 1 and 2).

Consistent Negative Effects of Images in the Response
Phase on Learning Outcomes

During retrieval practice with images available in the response
phase (images-during-and-after-retrieval), students provided more
correct translations and responded faster. However, these images
consistently reduced recall on the posttest. These negative image
effects occurred across a range of vocabulary learning scenario’s
and were robust against changes in the experimental procedure
(see Table 2): Across the three experiments, a negative effect of

Figure 4
Learning Outcomes on the Two Delayed Posttests in Experiment 3, Split by Practice Condition

Note. Bar graphs show the overall mean 6 SE; the violin plots show the distribution of scores. See the online
article for the color version of this figure.
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images was found both when the encoding prior to retrieval prac-
tice included images (Experiments 1 and 2) and when prior encod-
ing did not include images (Experiment 3); with different types of
vocabulary learning materials (concrete nouns, idioms, abstract
nouns); when students translated into their native language during
practice (Experiments 1 and 3) and when they translated into the
to-be-learned foreign language (Experiment 2). Moreover, the
effect was found on the recall of word meaning (Experiments 1
and 3), recall of the foreign word form (Experiments 1 and 2), and
on the ability to produce idioms in an appropriate context (Experi-
ment 2, transfer test).9 Exploratory analyses furthermore showed
that the negative image effects were independent of students’ re-
trieval success during practice: Students with comparably low, av-
erage or high performance during practice all showed negative
effects of images-during-and-after-retrieval compared with no-
images and images-after-retrieval practice.

Images as Retrieval Crutches

The only factor that moderated the effects of images during
practice was the presence of images on the final test. In Experi-
ment 2, the images-during-and-after-retrieval condition led to
lower recall than the no-images condition on the transfer and
retention tests that contained no images but the two conditions
performed similarly on the retention test that contained the
images from practice. In Experiment 3, the images-during-and-
after-retrieval condition led to lower performance than the other
two conditions on the test that contained no images, but to high-
est performance on the test that contained the images from prac-
tice. The finding that the presence of images on the test
moderated the effects of images during retrieval practice on test
performance in Experiment 3, is in line with the argument that
images might act as cues or crutches during retrieval (cf. the
idea of context-dependency, S. M. Smith & Handy, 2014, 2016).
It appears that seeing images during the response phase of re-
trieval practice led to associations in memory that specifically
supported later recall prompted with images, but not without
images. Possibly, this is because during practice, students
formed associations between the image and the target response
rather than the foreign word or idiom meaning and the target
response. In other words, students became better at recognizing
and responding to the images but did not benefit from this prac-
tice during later recall without images.
A number of findings further support the interpretation that

images reduced learning outcomes because they functioned as
crutches during retrieval practice. First, Experiment 3 showed neg-
ative effects of images on the retention test that prompted recall
without images only for the images-during-and-after-retrieval con-
dition and not for the images-after-retrieval condition (compared
with the no-image condition). This suggests that recall was not
influenced by mere exposure to images during practice. Rather,
recall was specifically driven by the effect of images in the
response phase, that is, during the retrieval (attempt). Second, our
results suggest that images which provided stronger cues during
practice resulted in weaker learning outcomes. For one, the nega-
tive effects of images were larger in Experiment 1, in which the
images provided stronger hints about the response, compared with
Experiments 2 and 3, in which images were less guiding. More-
over, the manipulation check in Experiment 2 suggested that one

list of idioms had less informative images and this list of idioms
was remembered better after retrieval practice with images-dur-
ing-and-after-retrieval than the other list of idioms.

Retrieval Effort

An additional, compatible interpretation of the negative
effects of adding images to the response phase of retrieval prac-
tice is that images reduced retrieval effort, a central concept in
cognitive accounts of retrieval practice (e.g., Bjork, 1994; Car-
penter, 2011; Pyc & Rawson, 2009; overviews in Karpicke,
2017; Rowland, 2014). Students responded faster and more
accurately in the images-during-and-after-retrieval conditions in
all three experiments compared to practice conditions in which
the retrieval attempt was done without images. In Experiment 1
(though not in Experiment 2), students moreover reported lower
mental effort in the images-during-and-after-retrieval condition
than in the other practice condition and this reduced effort par-
tially mediated the effect of the practice condition on learning
outcomes. Moreover, students in Experiment 3 commented that
images-during-and-after-retrieval made it easier to find the cor-
rect answer. Overall, these results are in line with earlier claims
that more effortful retrieval practice (here: without images) is
more beneficial than easier retrieval practice (here: with images
available in the response phase), comparable with findings of
experiments that reduced effortful retrieval with orthographic
cues (e.g., Carpenter & Delosh, 2006), contextual cues (van den
Broek et al., 2018), or massed repetition (Karpicke & Roediger,
2007).

Multimodal and Elaborative Processing

As described in the Introduction, it is possible that positive
effects of images on learning, as described in memory studies on
the picture superiority effect (Ensor et al., 2019; Paivio & Csapo,
1973) and in multimedia research (e.g., Butcher, 2014), could
occur not only during encoding tasks but also during retrieval prac-
tice. However, if any positive effects of images occurred in the
present study, they were completely cancelled out by stronger neg-
ative effects of images interfering with retrieval processes during
the response phase. Adding images in the feedback phase of re-
trieval practice did not have negative effects (tested in Experiment
3) but also did not increase learning significantly. Thus, the present
study does not provide evidence for positive effects of images in
vocabulary learning through retrieval practice, although adding
images during feedback processing after the retrieval attempt
appears unproblematic and numerical differences suggest that
small, positive effects might exist.

9 Note that we used multiple, consecutive tests in each experiment. We
cannot rule out that repeated testing influenced our findings but there was
no relation between the size or direction of image effects and the order of
tests across experiments. Moreover, we took measures to reduce effects of
repeated testing: tests were ordered by the amount of cues provided (e.g.,
the test that prompted recall with definition came before the test that
prompted recall with the definition and an image), and no feedback was
given on any of the tests. Moreover, if there was an effect of repeated
testing, it is unlikely that this influenced the differences between
experimental conditions because testing was done in the same way for all
conditions: all items from all conditions were presented on a test before
proceeding to the next test.
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Effects of Images on Affective-Motivational Outcomes

Besides learning outcomes, this study focused on affective-
motivational outcomes that might influence students’ willingness
to engage in (further) retrieval practice. To summarize the three
aspects of motivation that we measured in Experiments 1 and 2,
images consistently increased feelings of competence but did not
influence enjoyment of retrieval practice, and images reduced the
perceived task value in Experiment 1 but increased perceived task
value in Experiment 2.
Increased feelings of competence after practice with images-dur-

ing-and-after-retrieval likely reflected students’ experience of being
able to give more accurate and faster responses compared to the
other practice conditions. This would also be in line with lower per-
ceived mental effort and difficulty reported in Experiment 1 (though
not in Experiment 2). However, increased feelings of competence
did not go along with higher enjoyment. One possible explanation
for this is that while having the images at hand may have led to a
feeling of being able to master the specific retrieval task (which the
competence ratings focused on), practice may not have given the
students the satisfaction or pride of being competent at a challeng-
ing task because students may have recognized that the images
made the task easier (Abuhamdeh & Csikszentmihalyi, 2012). This
might also explain why unlike earlier studies (e.g., Lenzner et al.,
2013; Sung & Mayer, 2012), we did not find that images generally
increased learners’ subjective experience of practice.
Students also rated the task value, or usefulness of practice for

word learning. In Experiment 1, students accurately rated the
images-after-retrieval condition as more valuable than the images-
during-and-after-retrieval condition. Moreover, a majority of them
preferred the images-after-retrieval condition. This assessment
was in line with the actual learning outcomes. In Experiment 2,
ratings did not differ between the two practice conditions and a
majority of the students preferred the condition with images. Simi-
larly, Experiment 3 (in which we only measured task preferences)
showed that most students preferred the images-during-and-after-
retrieval condition. Thus, whereas ratings of task value and task
preferences suggest that students recognized potential negative
effects of the images in Experiment 1—in which images provided
very strong hints to the answer—students did not recognize the
negative effects in Experiments 2 and 3, in which the images pro-
vided weaker cues. Students’ open answers in Experiment 3 sug-
gested that this was due to students (incorrectly) assuming that
visual processing generally enhances retention, and a preference
for practice during which retrieval success is high.

Effects of Images on Judgments of Learning

Students predicted how well they learned from the different
practice conditions in Experiment 1 and 2. We had expected these
JOLs to be less accurate after practice with images because learn-
ers tend to underestimate the benefits of effortful retrieval (e.g.,
Karpicke & Roediger, 2008; McCabe, 2011; Roediger & Kar-
picke, 2006b), might hold (inaccurate) multimedia heuristics that
learning with images is more effective than learning without
images (Carpenter & Olson, 2012; Serra & Dunlosky, 2010), and
because learners might infer learning success from higher fluency
and accuracy when practicing with images-during-and-after-re-
trieval. Indeed, JOLs were less accurate with images-during-and-

after-retrieval than in the other practice conditions: In both experi-
ments that measured JOLs, students overestimated how much they
learned with images-during-and-after-retrieval, whereas they
underestimated their learning outcomes in the conditions in which
retrieval (attempts) were done without images.

Our findings provide some preliminary pointers about which fac-
tors—multimedia heuristics and/or increased fluency and accuracy
—drove students JOLs. In Experiment 1, in which both conditions
contained images (images-during-and-after-retrieval or images-
after-retrieval), the absolute JOLs did not differ between conditions,
even though images-during-and-after-retrieval led to higher accu-
racy and fluency during practice. In Experiment 2, in which the
comparison condition contained no images, JOLs were higher in the
images-during-and-after-retrieval condition. This suggests that mul-
timedia heuristics may have played a larger role when students
made JOLs, compared with perceived fluency and accuracy (fluency
and accuracy were increased in both experiments in the images-dur-
ing-and-after-retrieval condition but did not result in higher JOLs in
Experiment 1). Further research would be needed to make stronger
claims about the inputs that students used to make their JOLs in re-
trieval practice with multimedia, as students in Experiment 1 were
also generally more negative about the images-during-and-after-re-
trieval condition, and may have corrected their JOLs to account for
differences in task value.

Limitations and Suggestions for Further Research

A number of characteristics of this study need to be taken into
account when generalizing conclusions to other learning situa-
tions. First, one potential limitation is that the paradigms and stim-
uli differed across the three experiments (see Table 2). However,
this can also be regarded as a strength, as we conceptually repli-
cated the negative effects of images in all three experiments. This
strengthens the overall conclusion that image effects are robust
and occur across a range of vocabulary tasks. Nevertheless, sys-
tematic task manipulations are recommended to establish possible
boundary conditions of the effect in future research. In this section,
we make a number of recommendations for this purpose. To begin
with, all three experiments in the present study employed repeated
retrieval practice in which each vocabulary item was practiced
multiple times with the same image. It is possible that more varia-
tion—for example, a different image per retrieval trial, or a combi-
nation of initial practice with images and later practice without
images—might reduce learners’ dependency on the images and
lead to better learning outcomes. Some authors argue that when
learners practice retrieval of target information in different con-
texts, they eventually remember only retrieval cues that occur
across contexts (i.e., decontextualization; e.g., Lehman et al.,
2014). Therefore, using varying images during retrieval practice
might be more beneficial than practice with constant images. On
the other hand, a variety of images from which the answer can be
derived might further draw learners’ attention to the interpretation
of the image instead of the association between the foreign word
form and its meaning, and might for this reason increase the prob-
lem that images become a necessary crutch for recall.

The effect of images might also depend on the type of materials
that we used. All three experiments used clipart that contained clues
about the target response. It is an open question if adding images
during retrieval practice also has a negative effect on learning if the
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images do not provide cues about the response but, for example,
merely represent the retrieval prompt. The context-dependency
interpretation of our findings suggests that images would not have a
negative effect if they do not reveal the answer, but this remains to
be tested. In addition, it is possible that the type of image might
influence learning. However, based on the cognitive processes that
we assume to be involved in retrieval, it is unlikely that other types
of illustrations would have a different effect, unless, for instance,
the images also become more or less informative.
Another interesting avenue for future research is to test the

effect of images in the feedback phase of retrieval practice. The
focus of the present study was on effects of images which are
available during the response phase of retrieval practice (and stay
available in the feedback phase). These images-during-and-after-
retrieval were compared with a condition which included images
only in the feedback phase (Experiments 1 and 3) or a condition
which included no images at all (Experiments 2 and 3, see Figure
1). However, the inclusion of a no-images comparison condition
made it possible to also study the effects of images-after-retrieval
in Experiment 3. This contrast was not significant (though numeri-
cally, there was a positive effect of the images which was not stat-
istically significant with p = .06). Still, images which do not
interfere with the core retrieval process because they are presented
during feedback encoding after learners make a response, might
trigger beneficial elaboration (as would be predicted based on mul-
timedia effects during encoding, e.g., Butcher, 2014). Indeed,
studies suggest that (failed) retrieval attempts improve subsequent
encoding of feedback (cf. the literature on indirect effects of test-
ing, e.g., Arnold & McDermott, 2013; and studies on test-potenti-
ated learning, e.g., Vestergren & Nyberg, 2014). It is possible that
these indirect effects of retrieval practice enhance processing of
images in the feedback phase. This is an interesting topic for future
research also because presenting images-after-retrieval might be a
solution to not interfere with retrieval processes, yet make practice
more appealing to learners who prefer materials with visuals.
A final characteristic of the materials that is relevant for the

interpretation of our findings is that we focused on relatively sim-
ple materials with one clear, correct answer: word-meaning pairs
and idioms paired with a definition. Effects of images might be
more complex when students need to retrieve a larger amount of
information, such that images can act as more subtle scaffolds and
there is a larger range of retrieval success during practice (e.g.,
when students can answer questions partially correct and reach a
higher level with the help of images). Under these circumstances,
images might also have larger affective-motivational effects.
Some prior research suggests that images can improve perform-
ance on (multiple choice) tests of complex science materials, both
in terms of test-taking behavior (e.g., reduced rapid guessing) and
in terms of higher test performance (Lindner, Lüdtke, et al., 2017).
It is unclear, however, how such images influence later recall.
Scaffolding retrieval practice, for example, by asking separate
questions per paragraph of learning materials rather than one open
question, does not consistently enhance learning outcomes (e.g.,
M. A. Smith et al., 2016).

Conclusion and Practical Implications

Learning increasingly involves digital resources that make it
possible to add visuals to practice. Language learning applications

like duolingo, busuu, and Memrise rank among the top down-
loaded educational apps for mobile phones (Sensortower, 2020),
with several million active users according to company reports
(e.g., busuu, 2020; Duolingo, 2020; Memrise, 2020). These appli-
cations frequently combine retrieval practice of vocabulary with
images. However, the effect of images in retrieval practice is not
well understood because multimedia research has focused widely
on encoding tasks. The present study showed that design princi-
ples for an active study strategy like retrieval practice may differ
from those for encoding tasks: We found consistent reversed mul-
timedia effects for retrieval practice, where images reduced learn-
ing outcomes. In addition, seeing images during retrieval did not
make practice more enjoyable, and led students to overestimate
their learning outcomes. A practical implication of these findings
is that if images are added to retrieval practice, this should be done
without interrupting the core retrieval process. For example,
images might be shown as feedback after the retrieval (attempt)
but should not provide hints during the retrieval attempt, to avoid
that learners infer the answer from the image instead of retrieving
the answer from memory. Moreover, there is a clear need for guid-
ance to enable students to use retrieval practice effectively because
a majority of students prefers suboptimal practice conditions when
given the choice between retrieval practice with and without
images.
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