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Abstract
Decades of research has established that pictures are remembered better than words (their labels).
Researchers believed that this picture superiority effect may extend to vocabulary that is
associated with pictures during learning. However, results of varying studies of picture
superiority in vocabulary learning remained inconclusive. Carpenter & Olson (2012) found that
conflicting results may have been due to learners overestimating the power of pictures in
learning, and therefore putting in less effort to learn the picture-paired vocabulary. In the current
study, we investigate the effect of picture cues on learning vocabulary in an adaptive learning
system. Participants learned Swahili words paired with pictures and Swahili words paired with
translations and were tested on their knowledge of the words afterwards. No difference was
found in response accuracy or response time between words learned with pictures and words
learned with translations. We had wanted to investigate two contributing factors to the picture
superiority effect in vocabulary learning: pictures as strong retrieval cues on the test and pictures
facilitating a more direct link from the new vocabulary to a concept. However, since no picture
superiority effect could be found, we were unable to do so. Overall, both pictures and
translations were found to be adequate methods for learning foreign language vocabulary in an
adaptive learning system.
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Can Pictures Improve Adaptive Learning of Foreign Language Vocabulary?

It has been well established that pictures are remembered better than words (e.g., Baadte &
Meinhardt-Injac, 2019; Bevan & Steger, 1971; Kirkpatrick, 1894). One of the earlier examples
of this is a study by Bevan and Steger (1971), who showed participants a series of objects,
pictures and words. Afterwards, participants were asked to write the names of the stimuli they
had seen. Though objects were remembered best of all, pictures were remembered better than
words.

The Sensory-Semantic Model

To explain this ‘picture superiority’ effect, Nelson and colleagues (1977) proposed the
sensory-semantic model. This model explains why pictures are remembered better than words on
the basis of levels-of-processing theory (Craik & Lockhart, 1972; Ekuni et al., 2011).
Levels-of-processing theory is founded upon the idea that information can be processed at
various levels of depth. Shallow processing consists of processing of perceptual features of an
item (like the letters or font of a word) and leads to relatively short-term retention. Deep
processing consists of semantic processing (thinking about the meaning of a word) which is more
likely to lead to long-term retention (Craik & Lockhart, 1972). The sensory-semantic model
states that pictures have an advantage over words on both shallow (sensory) and deeper
(semantic) levels of processing.

For shallow levels of processing, the advantage pictures have is their greater visual
variability, meaning pictures are more visually distinct from one another than words. Research
indeed shows that the picture superiority effect disappears when pictures are made to look more
similar or when words are made to look more distinct (Ensor et al., 2018; Nelson et.al, 1976;

Nelson et al., 1977). However, since this level of processing is still shallow, it may not be able to



explain the persistence of the picture superiority effect after 24 hours and even after a week
(Bevan & Steger, 1971).

For deeper levels of processing, the reason why pictures are remembered better than words,
according to Nelson and colleagues (1977), is that pictures evoke more rich meaning than do
words. Pictures may evoke deep (semantic or conceptual) processing more strongly and more
immediately upon viewing than words do upon reading. This would indeed explain why pictures
are remembered better than words.

This is supported by the finding that recall of pictures suffers more from conceptual
interference. Nelson and colleagues (1977) showed that the picture superiority effect disappears
when conceptual similarity between items is increased for both pictures and words. In this study,
participants were presented with either a series of words or a series of pictures. After they had
seen all items, they were given cards with the items on them. Using the cards, they were
instructed to reconstruct the order in which the items had been presented. To reconstruct the
order of items, participants need to remember the items and their label- this is important because
conceptual similarity will only matter if that concept is actually accessed. When the items were
high in conceptual similarity (e.g. ‘horse, dog, cat’), participants in the picture condition had
more trouble reconstructing the order than participants in the word condition. This suggests that
the pictures had received more conceptual processing (and thus, suffered more conceptual
interference) than the words.

Additional evidence for pictures receiving more conceptual processing comes from the
finding that recall of pictures is more successful than recall of words when the recall method
requires conceptual processing. Weldon and Roediger (1987) found that picture superiority

appears in tests that require conceptual processing, but not in tests that require only perceptual



processing. According to transfer-appropriate processing this may mean that pictures are
retrieved better than words in tests that require conceptual processing because they are also
encoded with more conceptual processing. This fits with the sensory-semantic model’s statement
that pictures receive more conceptual processing than words.

A Direct Picture-to-Concept Link

In addition to Nelson and colleagues (1977), other theoretical accounts (Roelofs, 1992;
Levelt et al., 1999) have suggested that pictures have a more direct link to the abstract concept
(meaning) they represent compared to words. In their theory of lexical access in speech
production, Roelofs (1992) and Levelt and colleagues (1999) state that words are linked to a
concept not directly, but via a lemma, an entity of grammatical information. A lemma contains
information such as the syntax and tense of a word, among other information, like its
grammatical category. In this view, reading a word will first activate its grammatical information,
and only then can activation spread to the meaning of the word. Viewing a picture, on the other
hand, may directly activate its meaning without this step in between (Roelofs, 1992). This theory
is supported, for example, by the finding that pictures are categorized more quickly than words
(Glaser & Diingelhoff, 1984; Roelofs, 1992).

Conceptual knowledge needs to be accessed to name the semantic category of an object. For
example, you need to access the conceptual meaning of the letter string ‘dog’ before you can say
it belongs to the category ‘animal’. Since pictures were found to be categorized more quickly,
retrieving the concept apparently took less time for picture stimuli compared to word stimuli.
This is in accordance with the idea that pictures evoke their meaning more directly than words

do.



Additionally, Levelt and colleagues (1999) created a model called WEAVER ++ to simulate
the process of lexical access in speech production, both for reading words and for naming
pictures. The model was set up to presume that presenting a picture would immediately activate a
concept while presenting a word would first activate its lemma, from where activation would
spread to the concept. This model, by implementing a more direct picture-concept link, proved a
good fit for various data on picture naming, word reading and picture-word interference (Glaser
& Diingelhoft, 1984, Levelt et al., 1999).

This more direct link from a picture to a concept could also prove beneficial for
picture-aided learning, if the newly learned stimuli can be connected more closely to a concept in
memory just by association with a picture.

Picture Superiority in Vocabulary Learning

Given the findings discussed in the previous sections, pictures seem like a promising tool
for learning foreign language vocabulary. If pictures are remembered better than words, maybe
learning new words paired with pictures will help remember these words better than learning
them paired with translations as is usually done. Additionally, if pictures have a more direct link
to a concept or meaning, maybe learning new words paired with pictures will help to connect
these new words to their meaning more directly than learning their meaning via an L1 word. The
promise of pictures as a tool for vocabulary learning was already recognized decades ago (e.g.,
Chen 1990; Kirkpatrick, 1894; Lotto & De Groot, 1998; Plass et al., 1998). The large number of
studies that has accumulated on the topic since then is varied in both methods and findings (e.g.,
Babaie et al., 2010; Carpenter & Olson, 2012; Yeh & Wang, 2013).

Picture Translations for Keywords in a Text



Studies have compared studying with pictures and studying with first language (L1)
translations in multiple ways. A few studies investigated vocabulary learning with pictures via a
text with annotations containing definitions for key words (Plass et al., 1998; Yeh & Wang,
2013). In these designs, participants would read a text in a foreign language and could view
annotations for unfamiliar words. These annotations would consist of foreign language
vocabulary words from the text paired with 1) native language translations only, 2) native
language translations and pictures or 3) pictures only. Both Plass and colleagues (1998) and Yeh
and Wang (2013) found that students’ retention of the vocabulary was better when students had
viewed annotations with both translations and pictures compared to annotations with translations
only or pictures only. This seems to suggest an added benefit of pictures in vocabulary learning,
but it does not support an advantage for pictures over translations per se.

Other studies have investigated picture superiority in vocabulary learning through use of a
foreign language vocabulary list, part of which was paired with translations and part with
pictures. Participants were then tested through cued recall, using the same cues for recall as the
cues that the words had been studied with. For example, if the word ‘chicken’ had been studied
paired with a picture of a chicken, this picture would be presented at the test and participants’
task was to recall the word ‘chicken’ from the picture. For words studied with translations, the
translation would be presented at test as a recall cue. Chen (1990) and Lotto and de Groot (1998)
used this type of paradigm and neither found a difference in recall accuracy between studying
and testing with pictures or studying and testing with translations.

Studying and Testing With Pictures
Chen (1990) conducted several experiments on picture and word processing in L1 and

L2. In one of their experiments, their subjects, who spoke Chinese as a native language, studied



French words in three continuous sessions. During each session, the same 20 words were
presented to the participants with either a Chinese translation or a line drawing. In the first
session, all words were presented once, in the second session all words were presented twice and
in the third session all words were presented three times. Each French word was read to the
participants once. After all the words had been presented, participants were presented with five
items from the word list and asked to recall the French word and speak it. In the first session,
participants did so poorly that their data was excluded from analysis. In the second and third
session, participants improved overall, but no difference was found between performance on
picture-learned and word-learned items. Importantly, investigating the effect of pictures on
vocabulary acquisition was not the main goal of this study. Only five items were tested after each
session, which may not give the most accurate indication of participants’ memory of the 20
presented items.

Lotto and de Groot (1998) compared L1 learning and picture learning for Dutch students
learning 80 Italian vocabulary words. Participants were divided into four groups: 1)
picture-learning and congruent (picture) testing, 2) picture-learning and incongruent (L1) testing,
3) L1 - learning and congruent (L1) testing, and 4) L1-learning and incongruent (picture) testing.
Each participant completed 2 sessions, which each consisted of a learning phase and a testing
phase. In the learning phase, each Italian word - Dutch word pair or Italian word - picture pair
was presented three times. In the test phase, participants were presented with (congruent or
incongruent) cues and asked to speak the correct Italian word, then type it. The L1-learning
condition with congruent test produced the fastest response times in both sessions. L1-learning
also resulted in higher recall scores, though Lotto and de Groot (1998) add that “overall the

effect was only marginally significant by participants”.



From these findings, learning with pictures appeared to have no evident benefit over
learning with first language translations.
Picture Superiority in Vocabulary Learning with Retrieval Practice

More recently, Carpenter & Olson (2012) argued that the lack of evidence for pictures as
a superior method for learning vocabulary could be due to learners overestimating the power of
pictures. They hypothesized that viewing a word paired with a picture may lead to an
overconfident judgment of learning compared to viewing a word paired with a translation. This
idea is based on the finding that people tend to believe they will remember information paired
with pictures better than information without pictures, even though this is not necessarily true
(Carpenter & Geller, 2019; Serra & Dunlosky, 2010; van den Broek et al., 2021). If learners
believe they will easily remember a foreign language word paired with a picture, they may put in
less effort to link the new word to the picture and memorize it. This, according to Carpenter and
Olson (2012) may explain why previous studies on picture-aided vocabulary learning have never
found any retention advantage for words learned with pictures.

To investigate these hypotheses, Carpenter and Olson (2012) set up a series of
experiments. First, the researchers replicated previous studies on picture superiority and
picture-aided vocabulary learning. Next, they measured learners’ overconfidence in pictures,
reduced this overconfidence, and then did find an advantage for words learned with pictures.
Picture Superiority, but not in Vocabulary Learning

In their first experiment, Carpenter & Olson (2012) replicated traditional research designs
that had investigated vocabulary studying with pictures (e.g., Chen, 1990; Lotto and de Groot,
1998), and, similarly, found no retention advantage for picture-learned words.

In this first experiment, participants learned a set of 43 Swahili words. One group of participants



learned the Swahili words paired with pictures, the other group learned the Swabhili words paired
with L1 (English) translations. During the learning session, participants viewed the picture-word
pairs or the translation-word pairs one by one, for 6 seconds per pair. After all items were
presented once, all items would be presented once more (presentation order was randomized both
times).

Following the learning session, participants were tested on their knowledge. From each
study group, half of the participants were tested with the same cues that they had studied with.
For participants in the picture condition, for example, the pictures from the study session would
be presented at the test one by one and participants were asked to type the correct Swahili word.
The results showed that Swahili words learned with pictures were not recalled more accurately
than words learned with L1 translations.

The other half of participants from each study group were not tested on their knowledge
of the Swahili words. Instead, they were asked to freely recall the names of the pictures or the
English translations they had seen. This second condition allowed the researchers to discover
whether a picture superiority effect could be found using the pictures they had selected. Indeed, a
picture superiority effect was found: participants in the picture study condition could recall more
names of pictures they had seen than participants in the English translation study condition could
recall English translations they had seen.

In summary, the pictures seen were recalled better than the English translations seen, but the
words learned with pictures were not recalled better than the words learned with English
translations.

Overconfidence as a Mediator



Carpenter and Olson (2012), as mentioned, suspected that this result was due to pictures
causing overconfidence in learning words associated with them. This overconfidence could then
cause learners to view word-picture pairs and judge that these words would be easy to remember
- so easy that they would not put in much effort to memorize the word.

To investigate this, the researchers ventured to measure overconfidence for pictures and, if it was
found, to reduce this overconfidence.

To measure participants’ confidence that they would remember the words presented, the
researchers set up a second experiment. In this experiment, each participant learned 21 Swahili
words paired with pictures and 21 Swabhili words paired with L1 (English) translations. The pairs
were presented to participants as in the first experiment. During the second presentation of pairs,
participants were asked to give a Judgment of Learning (JOL) for every word. Specifically,
participants were asked to rate how confident they were that, five minutes from now, they would
be able to recall the Swahili word in question from the given cue (picture or English translation).

Because Carpenter and Olson (2012) believed strongly that participants would be
overconfident for pictures, they included in this experiment a strategy to reduce overconfidence:
retrieval practice. By practicing the retrieval of Swahili words from a picture cue or translation
cue, participants would be able to discover whether their Judgements of Learning had been
accurate. If they had been (overly) confident about remembering a word during the learning
session, but now experienced difficulty retrieving this word, their confidence would likely
decrease.

In the retrieval practice segment of the experiment, participants were presented with the
pictures and English translations they had studied with one by one, and were required to type in

the correct Swahili word. After typing in the Swahili word, the correct answer appeared on



screen, followed by another Judgment of Learning. This gave participants the opportunity to
practice retrieving a word and then immediately indicate how well they thought they knew the
item now. This retrieval test was then repeated, including the Judgment of Learning for each
item. Following these two study sessions and two retrieval practice sessions, participants were
tested. As in the first experiment, the cues (pictures and translations) that participants had studied
with were presented, and participants were asked to type the correct Swahili word.
A Crucial Role for Overconfidence Confirmed

The idea that learners are overconfident for words learned with pictures was supported by
the findings. The Judgements of Learning that participants made during the learning session were
very confident for both the word-picture and word-translation pairs. However, participants were
far more confident that they would remember Swahili words paired with pictures compared to
the Swahili words paired with translations. After retrieval practice, confidence overall was
reduced significantly — so much so that after the second round of retrieval practice participants
had become underconfident. More importantly, after retrieval practice, participants were not
more confident for words studied with pictures than for words studied with L1 translations.

Overconfidence had thus been found and reduced and Carpenter and Olson’s (2012)

hypothesis was confirmed by participants’ final test performance: Now that overconfidence had
been reduced, picture-learned words were recalled more accurately on the final test than
L1-learned words.

With these experiments, Carpenter and Olson (2012) demonstrated that the picture
superiority effect does appear in foreign vocabulary learning, and their results suggest that

pictures can improve the retention of foreign language words, but only when the overconfidence



in pictures as a learning method is reduced. The current study seeks to replicate and expand on
these findings.

Picture Superiority in Vocabulary Learning With Adaptive Retrieval Practice

The current study primarily aims to replicate the findings by Carpenter and Olson (2012)
in a more realistic learning setting. Both the learning sessions and the retrieval practice method
used by Carpenter and Olson (2012) are not very reflective of the way students learn vocabulary
outside of the lab. Looking at 43 vocabulary pairs for a fixed number of seconds per pair is likely
not a tactic students employ in real life. The same probably applies to retrieval practice of
vocabulary pairs in random order. In contrast to randomly practicing vocabulary pairs, a very
popular method of vocabulary learning is flashcard learning. This involves retrieval practice in
which students do not practice items randomly, but adjust the scheduling of items based on their
personal estimates of how well they know an item.

Nowadays, many students partake in a more advanced and more convenient way of
retrieval practice: using adaptive learning systems. Many such systems work similarly to
flashcards. Anki, for example, schedules items based on the learners’ estimate of how well they
know each item. Other adaptive learning systems mainly use objective performance measures,
such as response accuracy, to determine which items to present for practice at what time. One
such system is SlimStampen, the adaptive learning system used in the current study.

The Adaptive Learning System

SlimStampen is an adaptive learning system developed at the University of Groningen
(Sense et al., 2016; van Rijn et al., 2009). The program is based on two robust effects in learning
and memory research: the testing effect and the spacing effect. The testing effect is the finding

that retrieval practice is a very effective way to improve retention (Roediger & Karpicke, 2006).



Retrieval practice is especially effective when retrieval is effortful and successful, in other
words, when an item is somewhat difficult to recall, but not yet forgotten. The spacing effect
refers to the phenomenon that learners benefit most from studying in spaced out sessions
compared to studying all the material in one session (cramming) (Cepeda et al., 2006). Spacing
does not only improve learning by leaving space between sessions, but also by leaving space
between items within sessions (van Rijn et al., 2009). In the space between repetitions of the
same item, other items can be practiced. Based on these effects, SlimStampen schedules
repetitions of items in a way that learners will have challenging, but successful and efficient
retrieval practice.

To achieve this, SlimStampen creates a model of the learners’ memory strength and rate
of forgetting for each item they practice using learners’ response time and response accuracy on
each trial. Based on this estimate of how well the learner knows each item and how quickly they
are forgetting it, the program determines which item to show next. This way, when a learner has
trouble recalling a certain word, it will be shown to them more often, and there will be less delay
between repetitions of the item. For words that are remembered easily by the learner, the
program will wait longer, until they are nearly forgotten (according to the program’s estimation)
to present them again.

Do Pictures Improve Learning of Vocabulary in an Adaptive Learning System?

The primary goal of the current study is to investigate whether the picture superiority
effect replicates in this particular adaptive learning system. Though the adaptive learning system
has been well-studied both inside the laboratory and in classroom settings (Sense et al., 2016;
Sense et al., 2018; van Rijn et al., 2009; van der Velde et al., 2021), the effectiveness of pictures

as retrieval cues in this program has not yet been specifically studied. A handful of studies have



investigated the use of different materials like maps and flags in SlimStampen (Sense et al. 2016;
van der Velde et al., 2021), but so far there has been no research directly comparing studying
with pictures and L1 translations.

The current study aims to make this comparison by replicating the general design used by
Carpenter & Olson (2012). Participants will practise Swahili vocabulary with picture cues or L1
translation cues and will then be tested with the same cues that they studied with.

Following the sensory-semantic model (Nelson et al., 1977) which proposes that pictures receive
more perceptual (sensory) processing and more conceptual (semantic) processing than words do,
it seems reasonable to expect that retention will be better for picture-learned vocabulary than for
translation-learned vocabulary. This expectation is also in accordance with theories on lexical
access in speech production (Levelt et al., 1999; Roelofs, 1992), which propose that pictures
have a more direct link to their meaning than words (translations) do, and thus the name for a
picture may be retrieved more easily and more quickly.

Based on the aforementioned theories and based on Carpenter and Olson’s (2012)
findings when implementing retrieval practice, we expect to see improved response accuracy and
response times for foreign language vocabulary studied and tested with picture cues compared to
vocabulary studied and tested with L1 cues, during learning sessions and on the test.

Picture Superiority in Vocabulary Learning: An Encoding or Retrieval Advantage?

A limitation of prior research on vocabulary learning with pictures is that, in most cases,
learners are tested with the same cues that they studied with (Carpenter & Olson, 2012;
Chen,1990). If a word had been studied with a picture, that picture would also appear on the test.
Due to these conditions, it is unclear whether pictures facilitate stronger encoding for new

vocabulary or whether a finding of picture superiority (Carpenter & Olson, 2012) was due to



pictures being stronger retrieval cues than L1 translations (Emirmustafaoglu & Gokmen, 2015)..
The study by Lotto and de Groot (1998) already included incongruent test conditions.
Half of their participants who studied with picture cues were tested with the translations as cues
instead, and half of their participants who studied with translation cues were tested with the
picture cues instead. However, because participants in the current study will study both
picture-word and translation-word combinations, this could cause confusion. Instead of
switching the cue modalities on the test, we chose to include a test condition with a type of cues
that participants do not see during any of the learning sessions: English cues (Figure 1). English
was chosen because international university students, the main participant pool, are commonly

fluent in English as their second language.

A test with English cues will likely be more difficult for participants than a congruent test
due to the lack of transfer-appropriate processing. Despite this, if pictures facilitate not only
easier retrieval, but also stronger encoding (Nelson, 1977; Weldon & Roediger, 1987), words
learned with pictures are expected to be better retained than words learned with L1 translations
on the English test (when the pictures themselves are not present as retrieval cues).

Picture Superiority in Vocabulary Learning: The Effect of a Direct Picture-to-Concept
Link

If an advantage for picture-learned words is indeed found even when pictures are absent
as retrieval cues, it may be interesting to look further. If picture-learned words have an encoding
advantage, this advantage could consist of pictures facilitating a more direct link between a new
word and the concept it represents (Levelt et al., 1999; Roelofs, 1992). The English test
condition may allow us to assess this hypothesis. Since test cues are changed to English

translations, participants must retrieve the learned word via the concept presented by the English



word. If pictures are more directly linked to a concept (Levelt et al., 1999; Roelofs, 1992), then
retrieving words studied with pictures will be quicker on this incongruent test. For both
picture-learned words and L1-learned words, response times on the English test are expected to
be slower than on the congruent test. However, based on the aforementioned theory (Levelt et al.,
1999; Roelofs, 1992) we hypothesize that this increase in response time will be smaller for

picture-learned words than for L1-learned words.

Aims of the Current Study Summarized

In summary, in the current study we assess two hypotheses. Firstly and primarily, we
expect that, in the context of an adaptive learning system, retention will be better for vocabulary
studied and tested with picture cues than for vocabulary studied and tested with L1 translations.

If this hypothesis can be confirmed, we want to investigate the cause of this advantage for
picture-learned words. The second hypothesis states that a) picture cues elicit stronger
conceptual encoding for words paired with pictures and that b) picture cues facilitate a more
direct link between new vocabulary and a concept than L1 translation cues do. This hypothesis
can be supported if, on a test with incongruent cues, we find a) better retention for items studied

with picture cues and b) faster response times for items studied with picture cues.
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the picture learning session and translation learning session.

Methods

Participants

Participants were 69 first-year Psychology students from the international Psychology track
at the University of Groningen. All participants spoke German as their first language and were
proficient in English as a second language. Participants were recruited via the university’s online

SONA system and were compensated with course credits.



Out of 69 participants, 59 participants completed the study*. One participant completed the
study, but their response on demographics (age, gender and first language) was not saved. Since
demographic information was not relevant to the research question, their data was included for
analysis. Of the other 58 participants, 19 identified as male and 39 identified as female. With the
exception of one participant being in the age range of 25-40, participants' ages ranged from
18-25. All participants gave written consent and this study was approved by the Ethics
Committee of the Faculty of Behavioral and Social Sciences at the University of Groningen.
Design
This study used a 2x2 mixed within-and between-subjects design (Figure 2). Study condition was
within-subjects: all participants learned half of the word list with picture cues and half with first
language (German) translation cues. Participants learned in two blocks, one block with picture
cues and one block with first language cues. To prevent any order effects, like fatigue, the order
of blocks was counterbalanced across participants. Test condition was between-subjects: 30
participants were tested with the same cues that they studied with, 30 other participants were
tested with English translations as cues. Participants’ performance was measured in terms of

response time and accuracy.

*One participant was removed for not properly filling out the consent form. Nine participants were
removed for incomplete data.



Figure 2

Overview of the conditions and procedure
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Note: Order of learning sessions (learning session with pictures or learning session with L1) was

counterbalanced across blocks.

Materials

The study was completed on computers at the lab of the Faculty of Behavioral and Social
Sciences of the University of Groningen. Learning sessions took place on the test-server of the

SlimStampen adaptive learning platform. Breaks after the learning sessions and tests of the

material were completed in the online survey software Qualtrics. Materials included a




vocabulary list and matching pictures for all words.
Vocabulary list

The vocabulary list consisted of 40 Swahili words with German and English translations. The
list was taken from Sense et al. (2016), abstract words were removed and German translations
were added. Abstract words were defined as words that did not refer to a concrete object or
person, such as ‘hope’. For the remaining words, German translations were looked up online and
were checked and corrected where necessary by two native German speakers. The vocabulary
list initially included 45 items, but after a picture verification test (see next section), five items
were removed for reasons discussed below.

Certain words might be easier to learn with pictures than with L1 translations, and for
other words this might be the opposite. To control for this interaction effect between individual
words and study condition, the vocabulary list was split into two parts. Part A contained the first
twenty words and part B contained the last twenty words. Two versions of the vocabulary list
were created in SlimStampen. In version 1, part A was paired with picture cues and part B was
paired with L1 (German) translations. In version 2 this was reversed: part A was paired with L1
translations and part B was paired with pictures.

Pictures

Royalty-free, full-color photos were selected from multiple online databases (Unsplash,
Pexels and FreePNGImg). Instead of using standardized pictures, these freely available pictures
were used to emulate a realistic learning setting. In the classroom it is unlikely that a teacher will
have access to standardized pictures when creating a learning list.

Verification of pictures and English cues



Participants in the second test condition group would study Swahili words with picture
cues but would be tested with an English translation cue. Because of this set-up, it was important
to verify that pictures accurately represented the English translation of vocabulary words. To
check whether pictures and English translations matched up well enough, a picture verification
test was completed prior to the study. Participants were five members of the master thesis
research team who were not yet familiar with either the pictures or the English words used. They
were presented with 45 pictures and asked to name the pictured object in English. Based on the
results of this initial verification test, 5 items were removed from the vocabulary list. Find a
report of the changes in Appendix A. With 5 items being removed, the final vocabulary list
(Appendix B) and pictures (Appendix C) consisted of a total of 40 items.

The adaptive learning program

Learning sessions were completed in the adaptive learning program SlimStampen (Sense
et al., 2016; van Rijn et al., 2009). The program uses learners’ response accuracy and response
time to create a model of the learners’ memory. This model makes an estimate of the activation
level of a fact in memory, as well as the rate at which this activation decreases: the rate of
forgetting (Sense et al., 2016). When memory activation for a fact decreases too much and passes
a forgetting threshold, the fact is forgotten. After the first presentation of a fact, memory
activation will rapidly decline, but the more often a learner repeats a fact, the slower this
activation declines. When memory activation for an item is estimated to be low, close to the
forgetting threshold, SlimStampen will make it a priority to present this item to the learner again
for retrieval practice. When memory activation is quite high for all items the learner is currently
learning, SlimStampen will introduce new items, until one of the other items’ memory activation

has declined far enough that it should be repeated.



Response time is an important factor in the creation and adjustment of the memory model
for each learner. For a correct and quick response, memory activation of the fact must be high:
the learner knows this fact well. For a correct but slow response, memory activation of the fact
must be lower: the learner does not know this fact very well.

Procedure

Each participant was assigned to a Qualtrics survey depending on the test condition,
vocabulary list version and block order the participant had been assigned to. After filling out
demographic information, participants were redirected to SlimStampen for the first learning
session.

A SlimStampen account had been created for each participant by the researcher using
unique participant numbers. After logging in, participants started an 8 minute learning session to
learn the first 20 words. The first time each word appeared it was presented as a study trial: the
L1 translation or picture was presented on the screen along with the correct Swahili word.
Participants could review the picture - word pair or translation - word pair as long as they liked.
To continue, they could click a button with the text ‘I know this’. Any subsequent appearances of
words were presented as retrieval practice trials: the L1 translation or picture was presented on
screen and the participant was required to type in the correct Swahili word (Figure 3). If the
participant gave the correct response, their answer would be highlighted in green. If the
participant gave an incorrect response, their answer would be highlighted in red and the correct
answer was presented.

Figure 3

Retrieval Practice Trial in a Picture Learning Session in SlimStampen
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After the first learning session, participants returned to Qualtrics for a 5 minute break. In
this break, participants were asked to complete number sequences to prevent rehearsal of the
learned material. For each break, 20 unique number sequences were added to ensure participants
would not be able to finish this distraction task before the break was over. After 5 minutes,
Qualtrics was set to advance automatically to a cued-recall test of the studied words.

Before starting the test, participants were first presented with a screen containing brief
instructions. They were encouraged to answer as quickly and accurately as possible and, if they
did not remember a word well, to type any part they could recall. Participants in the English test
condition were also informed of the fact that the test would be in English, with no further
explanation given. On the congruent test, participants were presented with the same cues that
they had studied with. Similar to the learning session, they would see an picture or an L1
translation and were required to type in the correct Swahili word. On the English test,
participants were presented with cues in the form of English translations and were required to
type in the correct Swahili word. This time, no feedback was given as to whether the response

was correct or incorrect, but the correct answer was presented for two seconds after each trial.



After the test, participants returned to SlimStampen for the second learning session,
followed by a break and a test of the studied material.

Analysis and Results

Response Time Issue During Learning Sessions

SlimStampen uses the first keypress as response time, not the time it takes to type the
answer and confirm it with “Enter”. However, due to a bug in the way the interface processed
Enter responses to previous trials, the previous trial’s “Enter” was sometimes erroneously listed
as ‘first keypress’. This led to a lot of very short response times (< 250 ms). All response times
of 250ms and below, which constituted approximately 28% of trials, were therefore excluded
from the response time analysis of the learning data.

Unfortunately, SlimStampen did use these response times to adapt the sequencing of
items to learners. Thus, if the responses were correct, this will have led to an inaccurate
estimation of the learner’s memory for the item (an overestimation). SlimStampen will have
adjusted the forgetting rate for these items downwards, and will have refrained from presenting
them to the learner for longer than warranted. This possibly affected accuracy during the learning
sessions, and may have affected test accuracy because learning was, for some learners or some
items, not optimally scheduled.

Learning Session Data
Number of Words Studied and Response Time

First, it was important to determine the number of words studied in SlimStampen in the
different study conditions (Figure 4). If responses in the picture learning session were quicker,
this could have caused SlimStampen to introduce new items sooner in the picture condition,
which could ultimately have resulted in more words being studied in the picture learning session.

As discussed in the introduction, SlimStampen will introduce new words when responses to



practiced words are correct and quick. If pictures have an advantage over words in learning as
hypothesized, response times for picture-learned items during the learning session were likely
faster than response times for L1-learned items. Indeed, from a distribution plot of response
times during the learning sessions, this does not seem unlikely (Figure 5). Additionally, linear
regression-based analysis confirms that a model including study condition (Table 1) is a
significantly better fit for the response time data than a model without study condition included,
v’ (1, N=59)=138.63, p <.001. In this model, if study condition was the picture condition,
response times were faster (Table 1).
Despite this, no evidence was found for the number of words studied in the picture condition (M
=16.63, SD = 0.53) being larger than the number of words studied in the L1 condition (M =
15.69, SD =0.50), #(58)=1.4, p=.16.

In summary, it appears that response time may have been faster in the learning session
with pictures, but no evidence was found for SlimStampen introducing more new items in the

picture condition.

Figure 4

Mean Number of Words Studied, by Study Condition
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Figure 5

Mean Response Times During the Learning Sessions, by Study Condition
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Table 1

Model Including Study Condition for Response Time Data During the Learning Sessions

log(RT)

Predictors Estimates I p
(Intercept) 7.26 7.20-7.32 <0.001
study [L1] 0.09 0.06-0.12 =0.001

Random Effects
i 0.17
Too PP 0.03
TO0 answer 0.01
ICcC 0.19
N p 59
N answer 40
Observations 3248

Marginal R?/ Conditional RZ 0.010/0.195



Accuracy

Accuracy during the learning sessions was around 50% for both picture learning sessions
(M = 0.55, SD=0.007) and L1 learning sessions (M = 0.48, se = 0.007). From a plot of the
distribution (Figure 6) it is visible that accuracy varied considerably per participant and learning
session, sometimes falling below 25% and sometimes approaching 100%. Despite this variation,
it seems that overall accuracy was somewhat lower during L1 learning sessions. Generalized
linear model-based analysis confirmed this. The model including study condition (Table 2) was a
significantly better fit for accuracy data compared to the model not including study condition y*
(1, N=59)=51.66, p <0.001. In this model, if study condition was the picture condition,

accuracy scores were higher (Table 2).
Figure 6

Mean Accuracy During the Learning Sessions, by Study Condition
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Note: Each scatter point represents the average accuracy of one participant during a learning

session.

Table 2

Model Including Study Condition for Accuracy Data During the Learning Session

correct

Predictars Log-Odds cl P
(Intercept) 0.30 0.00 - 0.59 0.047
study [L1] -0.33  -042--024 <0.001

Random Effects

o2 3.29
To0 P 0.45
T00 answer 0.53
ICC 0.23
N m’ 59

N answer 40

Observations 9057

Marginal R?/ Conditional R? 0.006/0.234

Test Data: Accuracy

Accuracy was analyzed only for items that were practiced during the learning sessions.
Participants practiced on average 16 out of 20 words in the L1 learning session and 17 out of 20
words in the picture learning session. Analysis was performed in R Studio (version 4.0.5, R Core
Team, 2021). Version 1.1-27.1 of the package Ime4 was used to fit the regression models (Bates
etal., 2015).

Accuracy scores were examined to test the hypothesis that learning vocabulary with
pictures leads to improved retention on a vocabulary test where the pictures are presented as cues
and also on a vocabulary test where the pictures are not presented (the English test). It can
already be seen from the distribution of accuracy scores (Figure 7) that accuracy varied strongly

by participant. There does not seem to be an obvious difference between accuracy scores in the



different study conditions. This lack of a difference was confirmed by generalised linear model
analysis. Model comparison revealed that a model including study condition, test condition, and
their interaction was not a better fit for test accuracy data than an intercept-only model (Table 3),
v’ (1, N=59)=5.53, p=".14. In summary, studying and testing with pictures did not result in
higher accuracy scores compared to studying and testing with first language (L1) translations.
Studying with pictures also did not result in better accuracy scores compared to studying with
first language translations, no matter whether learners were tested in the same modality or in
English.

Figure 7

Distribution of Accuracy Scores, by Study Condition and Test condition
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Table 3

Reduced (Intercept-only) Model for Accuracy Data Across Both Study Conditions and Both Test

Conditions
correct
Predictors Log-Odds Ccr D
(Intercept) 0.58 0.19-0.98 0.004

Random Effects

o2 3.29
TOU PP 0.96
T00 answer 0.85
1ICC 0.35
N op 59

N answer 40

Observations 1907

Marginal R2/ Conditional RZ 0.000/0.354

Test Data: Response Time

To test the hypothesis that learning with pictures will result in faster response times on
the English test than learning with L1 translations, response times on both tests were
investigated. Only correct trials were included for response time analysis. Because residuals of
the regression model violated the assumption of homoscedasticity, the logarithmic
transformation of response time data was used for analysis. From a visualization of the
distribution of response times on each test, it seems that response times were generally slower on
the English test (Figure 8). However, linear mixed effect models including test condition, study
condition, and the interaction between study condition and test condition were not a better fit for
response time data than a reduced model without these fixed effects (Table 4), y* (1, N=59) =
6.48 , p =.09. In summary, response times on the English test were not significantly larger than

response times on the congruent test. There was also no interaction effect between study and test



condition on response times.

It can be observed from Figure 8 that in the picture study condition there are two
participants who produced considerable response time outliers, one for each test condition. To
check if outliers affected the analysis outcome, the previously described analysis was repeated on
a copy of the data set that excluded both outliers. The same outcome was found: the reduced
(intercept-only) linear mixed effects model was still a better fit for response time data compared
to models including study condition, test condition and their interaction, confirming that these
effects were not due to the observed outliers.

Figure 8

Mean Response Time by Study Condition and Test Condition
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Table 4
The Reduced (Intercept-only) Model for Response Time Data Across Both Study Conditions and

Both Test Conditions

log(rt)
Predictors Estimates c7 )2
(Intercept) 1.47 1.39-1.55 <0.001

Random Effects

i 0.16
Too PP 0.06
00 answer 0.02
IcCc 0.34
N . 59

N answer 40

Observations 1233

Marginal R?/ Conditional R?  0.000/0.343

Discussion

The primary aim of this study was to investigate if picture cues are a more effective way
of learning foreign vocabulary than first language (L1) translation cues in an adaptive learning
system. To investigate this, a vocabulary learning experiment was set up using the adaptive
learning system SlimStampen. Participants studied 40 Swahili words in two sessions, one session
with pictures and one session with L1 translations. After each session, participants were tested on
the words, either with the same cues that they studied with (pictures or words) or with English
cues. Our hypothesis could not be confirmed by the obtained results: participants did not respond
more accurately or more quickly for words learned with pictures compared to words learned with
translations.

Main Findings

No advantage was found for picture-learned words on the English test or on the



congruent test (which contained the same cues as the learning sessions). Words that had been
studied with pictures were not recalled on either test more accurately or more quickly than words
that had been studied with the L1 translation. This finding is in accordance with earlier studies of
picture - aided vocabulary learning (Chen, 1990; Lotto & de Groot, 1998; Plass et al., 1998;
Yeh & Wang, 2013) where no advantage for pictures over translations was found. It is, however,
in contrast to Carpenter and Olson (2012), whose design we aimed to replicate and expand upon.
Carpenter & Olson (2012) found that studying and testing with pictures led to higher retention
for Swahili words than studying and testing with L1 translations.

Previous nonsignificant results (Chen, 1990; Lotto & de Groot, 1998; Plass et al., 1998;
Yeh & Wang, 2013) were attributed by Carpenter & Olson (2012) to overconfidence in
picture-studied items, which leads to less effortful learning for picture-studied items and
therefore worse retention. This cannot have been the case in the current study, as overconfidence
is eliminated by retrieval practice (Carpenter & Olson, 2012) and SlimStampen learning sessions
involve constant retrieval practice. As overconfidence was not measured in this study, we can not
say for certain that learners were overconfident for pictures and that their confidence was
reduced by retrieval practice in this context, but given the findings by Carpenter & Olson (2012)
it seems unlikely that learners’ overconfidence for pictures could remain after extensive retrieval
practice. Indeed, data from the learning sessions do not support that learners put in less effort for
learning picture-studied words. If they did, response times would be slower and accuracy would
be lower during the learning session with pictures compared to the learning session with
translations. The learning data do not show this, and in fact reveal the opposite.

Learning Data Indicate a Small Picture Advantage



In the learning session with picture-paired words, participants generally responded more
quickly and more accurately than in the learning session with translation-paired words. This
poses an interesting contradiction in our findings: while participants performed better overall in
the learning session with pictures, this advantage for pictures did not carry over to test
performance.

Though the learning session data was affected by a mishap with recording of response
times, this problem is not a likely explanation for the performance difference between picture
learning sessions and L1 learning sessions. The problem was caused by the algorithm’s
interpretation of button press habits of certain participants. Since each participant completed both
study conditions, this mishap equally affected both conditions.

Despite the faster response times for pictures, participants did not study significantly
more words in the learning session with pictures. Response times were significantly faster in the
picture learning session, but not so much faster that the algorithm’s rate of introducing new
words was significantly impacted.

It seems that, during the learning session, learning with pictures had a slight advantage
over learning with translations, but this advantage was too small to be meaningful in terms of

faster progress through the materials or better retention on a following test.

Main Findings in Context of Picture Superiority Theories

In summary, it seems that an advantage for pictures in vocabulary learning is not
necessarily found on a vocabulary test, even when overconfidence in pictures is reduced by
retrieval practice. This finding does not seem to fit with theories of picture superiority.
According to the sensory-semantic model (Nelson et al., 1977) pictures have significant

perceptual and conceptual encoding advantages over words. If this would carry over to items



associated with pictures during learning, those items should also be better remembered. It would
be expected, then, to see a clear difference in accuracy between picture-studied and
translation-studied items, especially on the congruent test, where the pictures were presented as
cues for picture-studied words.

It is possible that the advantage that picture-learned words have over translation-learned
words only emerges in a relatively specific context (Carpenter & Olson, 2012) and that it does
not generalize to our particular set-up. However, because picture-learned words were responded
to more quickly and more accurately during the learning sessions, it seems more likely that the
effect of pictures as a better learning method is present, but too small to make a meaningful
difference in the current learning setting. Because our setup was closer to the way learners will
likely utilize picture learning in the classroom and at home (as opposed to in the lab), this may
mean that the benefits of picture learning are not robust enough to translate to a realistic learning
setting.

No Evidence for Stronger Encoding or a Stronger Link to Concept

If evidence had been found for a picture superiority effect in vocabulary learning in an
adaptive learning system, we would have liked to investigate further the reasons why pictures
could be a more effective way of learning vocabulary. Because no evidence was found for
pictures as a more effective way of learning foreign vocabulary than first language (L1)
translation cues in the first place, the reasons for such an effect could not be investigated.

First, we were interested in the fact that an advantage for picture-learned words could be
due to pictures being strong retrieval cues (Emirmustafaoglu & Gokmen, 2015).
For the purpose of investigating this, half of the participants were presented with English cues at

the test. If better performance for picture-learned words would be found on a test with English



cues, it could not be due to pictures being stronger retrieval cues than words. This finding would
support that picture-learned words having an encoding advantage over translations-learned
words.

Second, we wanted to investigate whether learning with pictures creates a more direct
link between the new vocabulary word and the concept it represents. Pictures are proposed to
have a more direct link to a concept than words do (Levelt et al., 1999; Roelofs, 1992), and
therefore picture-associated words may be tied more directly to the concept they represent than
translation-associated words. The English test afforded the investigation of this idea, because it
required participants to retrieve the concept from the English word represented, and from that
concept retrieve the L1 translation or picture they had learned, then retrieve the correct Swahili
word paired with this L1 translation or picture. If learning with pictures creates a more direct link
between the new vocabulary word and the concept it represents, this retrieval process would be
faster for picture-learned items. It was expected that response times on the English test overall
should be slower than response times on the test with congruent cues, but a smaller increase in
response time for pictures would support the idea that picture-learned words had been linked
more closely to the concept they represent.

Because pictures were not found to be a better learning method than translations on either
the congruent test or the English test, we were unable to further investigate the factors that would
contribute to such an effect.

Limitations
Algorithm Bug
Due to the aforementioned mishap in the SlimStampen system (see the Results section

for more detail), inaccurate response times were recorded for some participants (on 28% of total



trials). These response times were recorded as extremely low numbers (<250 ms) and were
excluded from analysis.

Unfortunately, the algorithm bases its presentation sequence of words and its timing of
the introduction of new words in part on response time. Very short response times will have
caused the algorithm to wait with showing the item in question again, and to introduce new items
sooner. This means that the adaptive system did not adapt accurately to some participants, and
the learning session may have had a higher difficulty for them. Fortunately, the SlimStampen
algorithm is set up to make rather conservative estimates: items are often repeated a bit earlier
than they might actually need to be. This will have balanced out at least some of the increased
difficulty of the learning session for these participants.

Low Accuracy

The overall accuracy in this study was very low, around 50%. This suggests that the task
of learning Swabhili words was very difficult for our group of participants, or perhaps they were
not motivated, regardless if the words were learned with translations or with pictures.

The difficulty of the words themselves is not high at face value. Words were all concrete
and short, consisting of a maximum of three syllables, both aspects that make them relatively
easy to learn (Walker & Hulme, 1999). A previous study (Sense et al., 2016) also included these
items in their vocabulary list and their participants performed very well, with most scores falling
between 70% and 100%. Possibly, the difference in accuracy scores between the study by Sense
and colleagues (2016) and the current study can be attributed to the language in which
participants were required to answer. Sense and colleagues (2016) had their participants answer
in English, while in the current study, participants were required to type the Swahili word. It is

likely that spelling the Swahili words correctly made the task more challenging for our



participants. A single spelling error would cause the response to be classified as incorrect, which
may have contributed to the low accuracy scores. Despite this, several participants in the current
study performed very well, demonstrating that the task was not impossibly difficult for all
participants of this demographic.

Directions for Future Research

To investigate the possibility that a picture superiority effect in vocabulary only emerges
in a specific context, studies may be conducted that replicate Carpenter & Olson (2012) more
closely than the current study has done, especially regarding the learning session. It would be
interesting to investigate whether the effect does replicate using a simple flashcard algorithm, for
example, as opposed to an adaptive learning algorithm. Because the participants in this study
found the task very difficult, perhaps it would be a good idea to extend the duration of the
learning sessions in following studies. Extra learning time could compensate for the difficulty of
spelling words correctly in a foreign language.

In this study we could not assess the underlying reasons for the picture superiority effect
in vocabulary learning. Besides using a test with English cues, the strength of pictures as
retrieval cues could also be investigated by having participants practice with both the picture and
the L1 translation as cues, then testing them with either pictures or L1 translations as cues. If
pictures are indeed stronger retrieval cues, words tested with pictures should be recalled more
quickly and more accurately than words tested with L1 translation cues.

In addition, the idea that pictures could link new words more directly to their meaning is also a
very interesting one and is worth investigating on its own. Various tests of concept-based
retrieval, such as categorization tasks and picture-word interference tasks (Glaser & Diingelhoff,

1984; Roelofs, 1992) might be adapted to investigate the memory links between newly acquired



words and the concept they represent.
Conclusion

The findings of this study do not support the idea that pictures are a more effective
method of learning foreign language vocabulary than first language translations. The current
experiment was unable to demonstrate that pictures are encoded more deeply by receiving more
conceptual processing than L1 translations do or that pictures link new words to their meaning
more directly than L1 translations do, but more research is necessary to draw any definitive
conclusions on this topic.

The use of pictures in an adaptive learning system leads to similar results as studying
with translations. Pictures produce adequate learning results in an adaptive learning system, no
better or worse than L1 translations do. In conclusion, learning with pictures in an adaptive

learning system can be an effective way of learning foreign language vocabulary.



References

Baadte, C., & Meinhardt-Injac, B. (2019). The picture superiority effect in associative memory:
A developmental study. British Journal Of Developmental Psychology, 37(3), 382-395.
https:// doi.org/10.1111/bjdp.12280

Babaie Shalmani, H., & Khalili Sabet, M. (2010). Pictorial, Textual, and Picto-Textual Glosses in
E-Reading: A Comparative Study. English Language Teaching, 3(4).

https://doi.ore/10.5539/¢elt.v3ndp195

Bevan, W., & Steger, J.A. (1971). Free recall and abstractness of stimuli. Science, 172(3983),

597-9. https://doi.org/10.1126/science.172.3983.597

Carpenter, S. K., & Olson, K. M. (2012). Are pictures good for learning new vocabulary in a
foreign language? Only if you think they are not. Journal of Experimental Psychology:

Learning, Memory, and Cognition, 38(1), 92—101. https://doi.org/10.1037/a0024828

Carpenter, S., & Geller, J. (2019). Is a picture really worth a thousand words? Evaluating
contributions of fluency and analytic processing in metacognitive judgements for pictures

in foreign language vocabulary learning. Quarterly Journal Of Experimental Psychology,

73(2), 211-224. https://doi.org/10.1177/1747021819879416

Cepeda, N., Pashler, H., Vul, E., Wixted, J., & Rohrer, D. (2006). Distributed practice in verbal
recall tasks: A review and quantitative synthesis. Psychological Bulletin, 132(3),

354-380. https://doi.org/10.1037/0033-2909.132.3.354



https://doi.org/10.5539/elt.v3n4p195
https://doi.org/10.1126/science.172.3983.597
https://psycnet.apa.org/doi/10.1037/a0024828
https://doi.org/10.1177/1747021819879416
https://doi.org/10.1037/0033-2909.132.3.354

Craik, F., & Lockhart, R. (1972). Levels of processing: A framework for memory research.

Journal Of Verbal Learning And Verbal Behavior, 11(6), 671-684.

https://doi.org/10.1016/s0022-5371(72)80001-x

Douglas Bates, Martin Maechler, Ben Bolker, Steve Walker (2015). Fitting Linear Mixed-Effects
Models Using Ime4. Journal of Statistical Software, 67(1), 1-48.

https://doi.org/10.18637/iss.v067.101

Ekuni, R., Vaz, L., & Bueno, O. (2011). Levels of processing: The evolution of a framework.
Psychology & Neuroscience, 4(3), 333-339. https://doi.org/10.3922/1.psns.2011.3.006

Emirmustafaoglu, A., & Gokmen, D. (2015). The Effects of Picture vs. Translation Mediated
Instruction on L2 Vocabulary Learning. Procedia - Social And Behavioral Sciences, 199,

357-362. https://doi.org/10.1016/i.sbspro.2015.07.559

Ensor, T., Surprenant, A., & Neath, I. (2018). Increasing word distinctiveness eliminates the
picture superiority effect in recognition: Evidence for the physical-distinctiveness

account. Memory &Amp, Cognition, 47(1), 182-193.

https://doi.org/10.3758/s13421-018-0858-9

Glaser, W., & Diingelhoff, F. (1984). The time course of picture-word interference. Journal Of
Experimental Psychology: Human Perception And Performance, 10(5), 640-654.

https://doi.org/10.1037/0096-1523.10.5.640

Kirkpatrick, E. A. (1894). An experimental study of memory. Psychological Review, 1(6),

602—-609. https://doi.org/10.1037/h0068244


https://doi.org/10.1016/s0022-5371(72)80001-x
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.3922/j.psns.2011.3.006
https://doi.org/10.1016/j.sbspro.2015.07.559
https://doi.org/10.3758/s13421-018-0858-9
https://doi.org/10.1037/0096-1523.10.5.640
https://doi.org/10.1037/h0068244

Levelt, W., Roelofs, A., & Meyer, A. (1999). A theory of lexical access in speech production.

Behavioral And Brain Sciences, 22(01). https://doi.org/10.1017/s0140525x99001776

Lotto, L., & de Groot, A. (1998). Effects of Learning Method and Word Type on Acquiring

Vocabulary in an Unfamiliar Language. Language Learning, 48(1), 31-69.

https://doi.org/10.1111/1467-9922.00032

Nelson, D., Reed, V., & Walling, J. (1976). Pictorial superiority effect. Journal Of Experimental
Psychology: Human Learning And Memory, 2(5), 523-528.

https://doi.org/10.1037/0278-7393.2.5.523

Nelson, D., Reed, V., & McEvoy, C. (1977). Learning to order pictures and words: A model of
sensory and semantic encoding. Journal Of Experimental Psychology: Human Learning

& Memory, 3(5), 485-497. https://doi.org/10.1037/0278-7393.3.5.485

Plass, J., Chun, D., Mayer, R., & Leutner, D. (1998). Supporting visual and verbal learning

preferences in a second-language multimedia learning environment. Journal Of

Educational Psychology, 90(1), 25-36. https://doi.org/10.1037/0022-0663.90.1.25

R Core Team. (2021). R: A Language and Environment for Statistical Computing. R Foundation
for Statistical Computing. https://www.R-project.org/
Roelofs, A. (1992). A spreading-activation theory of lemma retrieval in speaking. Cognition,

42(1-3), 107-142. https://doi.org/10.1016/0010-0277(92)90041-f

Roediger, H., & Karpicke, J. (2006). The Power of Testing Memory: Basic Research and
Implications for Educational Practice. Perspectives On Psychological Science, 1(3),

181-210. https://doi.org/10.1111/].1745-6916.2006.00012.x



https://doi.org/10.1017/s0140525x99001776
https://doi.org/10.1111/1467-9922.00032
https://doi.org/10.1037/0278-7393.2.5.523
https://doi.org/10.1037/0278-7393.3.5.485
https://doi.org/10.1037/0022-0663.90.1.25
https://www.r-project.org/
https://doi.org/10.1016/0010-0277(92)90041-f
https://doi.org/10.1111/j.1745-6916.2006.00012.x

Sense, F., Behrens, F., Meijer, R., & van Rijn, H. (2016). An Individual's Rate of Forgetting Is

Stable Over Time but Differs Across Materials. Topics In Cognitive Science, 8(1),

305-321. https://doi.org/10.1111/tops.12183

Sense, F., Meijer, R., & van Rijn, H. (2018). Exploration of the Rate of Forgetting as a

Domain-Specific Individual Differences Measure. Frontiers In Education, 3.

https://doi.org/10.3389/feduc.2018.00112

Serra, M., & Dunlosky, J. (2010). Metacomprehension judgements reflect the belief that
diagrams improve learning from text. Memory, 18(7), 698-711.

https://doi.org/10.1080/09658211.2010.506441.

Van den Broek, G. S. E., van Gog, T., Jansen, E., Pleijsant, M., & Kester, L. (2021). Multimedia
effects during retrieval practice: Images that reveal the answer reduce vocabulary
learning. Journal of Educational Psychology, 113(8), 1587-1608.
https://doi.org/10.1037/edu0000499

Van Rijn, H., van Maanen, L., & van Woudenberg, M. (2009). Passing the test: Improving
learning gains by balancing spacing and testing effects. Proceedings of the 9th
International Conference on Cognitive Modeling, 108 - 114.

https://doi.org/11370/c5ef7112-2170-4653-a69b-cc763decb165

Van der Velde, M., Sense, F., Borst, J., & van Rijn, H. (2021). Alleviating the Cold Start Problem
in Adaptive Learning using Data-Driven Difficulty Estimates. Computational Brain
&Amp, Behavior, 4(2), 231-249. https://doi.org/10.1007/s42113-021-00101-6

Walker, 1., & Hulme, C. (1999). Concrete words are easier to recall than abstract words:

Evidence for a semantic contribution to short-term serial recall. Journal Of Experimental


https://doi.org/10.1111/tops.12183
https://doi.org/10.3389/feduc.2018.00112
https://doi.org/10.1080/09658211.2010.506441
https://doi.org/10.1037/edu0000499
https://doi.org/https:/hdl.handle.net/11370/c5ef7112-2170-4653-a69b-cc763decb165
https://doi.org/10.1007/s42113-021-00101-6

Psychology. Learning, Memory, And Cognition, 25(5), 1256-1271.

https://doi.org/10.1037/0278-7393.25.5.1256

Weldon, M., & Roediger, H. (1987). Altering retrieval demands reverses the picture superiority

effect. Memory &Amp,; Cognition, 15(4), 269-280. https://doi.org/10.3758/bf03197030

Yeh, Y., & Wang, C. (2013). Effects of Multimedia Vocabulary Annotations and Learning Styles
on Vocabulary Learning. CALICO Journal, 21(1), 131-144.

https://doi.org/10.1558/cj.v21i1.131-144



https://doi.org/10.1037/0278-7393.25.5.1256
https://doi.org/10.3758/bf03197030
https://doi.org/10.1558/cj.v21i1.131-144

Appendix A
A report of the changes made to the vocabulary list as a result of the picture verification test.
For three items, a majority of the participants named the picture with a synonym of the
English word on the vocabulary list. It was decided to change these English words to their
synonyms. ‘Stone’ was changed to ‘rock’, ‘grandmother’ was changed to ‘grandma’ and ‘pants’
was changed to ‘trousers’.

Five items were removed from the materials. Four items were removed because the English
words entered by participants varied greatly and did not correspond to the English translations in
the vocabulary list. There seemed to be confusion about what was depicted in these pictures and
therefore they were removed. The items removed were flava/music/musik, kijana/boy/junge,
karamu/party/feier and chunga/pot/topf. Additionally, the word skati/skirt/rock was removed to
avoid confusion because the German cue ‘rock’ was the same as the English cue ‘rock’ for a

different word (jiwe/rock/stein) in the vocabulary list.



Appendix B

List of Swahili words and their German (L1) and English translations used in the experiment

Swabhili English German
jicho eye auge
pombe beer bier
afisi office biiro
jiwe rock stein
kamba rope seil
anga sky himmel
kanisa church kirche
saduku box kiste
kaputula trousers hose
samaki fish fisch
baba father vater
bahari sea meer
barua letter brief
keja house haus
basi bus bus
baskeli bike fahrrad
tabibu doctor arzt
kioo mirror spiegel
tofaa apple apfel
bustani garden garten
kisu knife messer
kitanda bed bett
tumbili monkey affe
kiti chair stuhl
chanjo SCiSSOrs schere



kofia
chapati
kuku
lango
degaga
limau
wingu
duara
dubu
maji
farasi
maziwa
fasihi
mbwa

bibi

hat
bread
chicken
door
glasses
lemon
cloud
wheel
bear
ice
horse
milk
book
dog

grandma

hut
brot
huhn
tur
brille
zitrone
wolke
rad
bér
eis
pferd
milch
buch
hund

grofBmutter




Appendix C
pictures used in the experiment. pictures are sourced from free databases Unsplash, Pexels, and

FreePNGImg.
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