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ABSTRACT
While recent laboratory studies suggest that the use of competing languages is a driving force in
foreign language (FL) attrition (i.e. forgetting), research on “real” attriters has failed to demonstrate
such a relationship. We addressed this issue in a large-scale longitudinal study, following German
students throughout a study abroad in Spain and their first six months back in Germany. Monthly,
percentage-based frequency of use measures enabled a fine-grained description of language use.
L3 Spanish forgetting rates were indeed predicted by the quantity and quality of Spanish use, and
correlated negatively with L1 German and positively with L2 English letter fluency. Attrition rates
were furthermore influenced by prior Spanish proficiency, but not by motivation to maintain
Spanish or non-verbal long-term memory capacity. Overall, this study highlights the importance
of language use for FL retention and sheds light on the complex interplay between language
use and other determinants of attrition.
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In the globalised world we live in, more and more
people enrol in language classes or move abroad for
extended periods of time: the EU-funded Erasmus pro-
gramme alone has sent out more than 10 million
people to other countries since its establishment in
1987 (European Commission, 2020). Along with the cul-
tural enrichment and personal growth that comes with
experience abroad, most people hope to improve their
foreign language (FL) skills. Maintenance of once
acquired language skills, however, often proves
difficult once the new language is no longer used reg-
ularly. According to anecdotal reports, after the end of a
language course or stay abroad, learners soon start
losing their FL skills, especially vocabulary (but see,
for instance, Hessel, 2020; Huensch et al., 2019, for
reports of retained aspects of proficiency after return).
A healthy speaker’s gradual loss of a language across
time due to forgetting is also referred to as language
attrition (e.g. Schmid & Mehotcheva, 2012), with voca-
bulary loss as one of its most instantaneous and
notable aspects (e.g. Cohen, 1989). How come we
forget foreign languages and what determines how
fast and how much we do so?

Recent experimental research has shown that forget-
ting of FL vocabulary can come about through the use
(or the learning) of other languages, especially other
foreign languages (e.g. Bailey & Newman, 2018;
Isurin & McDonald, 2001; Levy et al., 2007; Mickan
et al., 2020). Mickan et al. (2020), for example, showed
that naming pictures in L2 English or L1 Dutch
hampers subsequent access to recently learned L3
Spanish translation equivalents. Merely by having par-
ticipants retrieve translations in another language,
Mickan and colleagues thus succeeded in inducing
language access problems in the lab and in doing so,
established language interference as one possible
driving force in FL forgetting. If these lab-based results
generalise to real life contexts, language usage patterns
during the attrition period should be crucial determi-
nants of the rate and extent of target foreign language
loss in natural attriters. Paradoxically though, this predic-
tion has not been borne out in previous research of
foreign language attrition “in the wild” (Bahrick, 1984a,
1984b; Hessel, 2020; Mehotcheva & Mytara, 2019; Xu,
2010). Have previous studies with real attriters failed to
accurately assess and document the role of language
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use in foreign language attrition, or does language use
simply play a much smaller role in real life than in
tightly controlled lab situations? The present study
seeks an answer to this question by looking at language
forgetting following highly immersive L2 learning during
a study abroad (for a discussion of research into the
effects of studying abroad on L2 proficiency, see, e.g.
Tullock & Ortega, 2017; Yang, 2016). Supported by
regular frequency of use ratings, we asked whether
there indeed is a relationship between language use
and foreign language forgetting in the first six months
after a study abroad, and whether there is an accessibil-
ity trade-off between the languages that an attriter
speaks.

Longitudinal vs cross-sectional designs

Previous research on foreign language attrition in real
life can be divided into longitudinal and cross-sectional
studies. The longitudinal approach is the most intuitive
way of studying the phenomenon: here, researchers
follow a group of attriters over a period of time, asses-
sing their FL skills at regular intervals. This approach,
however, is very time-consuming. Furthermore, testing
participants at multiple timepoints constitutes practice
and may therefore prevent attrition, counteracting the
very phenomenon researchers are after. Participants
also tend to drop out along the way, resulting in often
small, under-representative participant samples (e.g. N
= 5 in Mehotcheva, 2010; N = 2 in Tomiyama, 2008; N =
4 in Yoshitomi, 1999; though see Murtagh, 2003; and
Xu, 2010, for exceptions). To circumvent these issues
with data collection, many studies on FL attrition have
used cross-sectional designs instead (e.g. Abbasian &
Khajavi, 2010; Bahrick, 1984a, 1984b; Hansen & Chen,
2001), or a combination of cross-sectional and longitudi-
nal designs (e.g. Grendel, 1993; Mehotcheva, 2010;
Weltens, 1988). In cross-sectional studies, groups with
differing attrition lengths are compared to each other
as well as to a baseline group of non-attriters (i.e. a
group of comparable learners) of the foreign language.
Although cross-sectional studies have provided valuable
insights, statistical comparisons in such studies rely on
the groups being matched on a multitude of factors,
such as age, socio-economic status, FL learning
context, and the level of FL proficiency reached prior
to attrition onset. While matching on the first three
might be feasible, variation in FL proficiency is difficult
to control. Attriters who have reached different levels
of proficiency in the foreign language will attrite at
different rates (e.g. Bahrick, 1984a, 1984b), making it
important to account for initial proficiency in interpret-
ing later attrition. In cross-sectional studies, however, it

is extremely difficult to accurately estimate prior FL
proficiency on an individual basis. For a thorough inves-
tigation into individual differences in foreign language
attrition, we thus instead need large-scale longitudinal
studies with a pre-attrition baseline measure next to
the attrition measurement itself. A comparison
between performance on the dependent measure (e.g.
a vocabulary or grammar test) at baseline and at the
attrition measurement (i.e. after a period of disuse) can
then provide accurate and fine-grained participant-
specific forgetting rates, which can serve as the basis
for individual difference analyses. The present study
aims at providing such a large-scale longitudinal dataset.

Language use as a predictor of foreign language
attrition

From a theoretical point of view, researchers in the
domain of (foreign) language attrition unanimously
agree that language use should be one of the key
factors in language attrition: for vocabulary maintenance
at least, continued use is understood to be necessary to
keep the activation thresholds of words in a given
language low, and use of languages other than the
target language (i.e. competing lexical entries) is
thought to increase these activation thresholds and
hence complicate subsequent retrieval (the Activation
Threshold Hypothesis, Köpke, 2002; Paradis, 2004).
Both theory and lab-based experimental evidence thus
point towards a clear role for language use and interfer-
ence in attrition, and yet, as Mehotcheva and Köpke
(2019) summarise, the majority of studies that have
investigated the role of language use report no (consist-
ent) relationship between language use (of the target
and / or other languages) and foreign language reten-
tion (Bahrick, 1984a, 1984b; Hessel, 2020; Mehotcheva,
2010; Xu, 2010; but see also Huensch et al., 2019).

Obviously, in real life, using a foreign language is
inversely related to using other languages: code-switch-
ing aside, you only ever use one language at a time, and
the more time you spend using a given language, the
less time you have left for using other languages.
Hence, what studies care about the most is usually
only target language use (though use of other
languages is often asked for as well, see for example
Mehotcheva, 2010). In a large-scale cross-sectional
study on the retention of school-/university-learned L2
Spanish, for example, Bahrick (1984a, 1984b) found
none of four Spanish language use measures (reading,
writing, listening and speaking) to correlate with
Spanish retention. Likewise, Mehotcheva (2010) failed
to find clear evidence for a relationship between
Spanish language use and Spanish vocabulary retention
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in German and Dutch learners of Spanish in the initial
months after a study period abroad. Likewise, German/
Dutch and English use did not predict Spanish attrition
either. An exception to this pattern of results is a study
by Alharthi and Al Fraidan (2016), who found that L2
English internet usage by L1 Arabic participants was a
good predictor of L2 English proficiency after a
15-month attrition period. Yet, even in the latter study,
other target language frequency of use measures,
which should intuitively be just as important (such as
watching TV in English, reading books, or attending
English FL courses), did not predict L2 proficiency either.

What causes the failure to document a consistent, ben-
eficial role of target language use, or conversely, a detri-
mental role of non-target language use on retention?
Bahrick (1984a, 1984b) reasoned that there was not
enough variance in terms of Spanish use in his sample:
all of his participants used very little to no Spanish
during the attrition period. Others have argued that fre-
quency of use measures often fail to accurately describe
and capture language use because they focus too much
on quantity (e.g. absolute hours of use) as compared to
the quality of the input (see Fernández & Gates Tapia,
2016; Schmid, 2007). Another possible problem might
behow languageuse is quantified. Especially in cross-sec-
tional studies, such as the ones by Bahrick (1984a, 1984b)
and Mehotcheva (2010), participants are asked to judge
their frequency of use in retrospect. Estimating the
overall amount of exposure to a language for a long
period of time (more than 12months for some of the par-
ticipants inMehotcheva’s study andup to 50 years in Bah-
rick’s sample) is difficult and prone to over- or
underestimation. Moreover, judgments are often given
on relatively subjective scales: Mehotcheva (2010), for
example, had participants judge frequency on a 5-
point-scale from “very rarely” to “very frequently”.
Taking these two aspects and the above discussed base-
line problem for cross-sectional studies together, it is thus
possible that frequency of use measures in previous
studies were simply too imprecise to predict changes
(or group differences) in proficiency. In the present
study, we instead collected multiple, percentage-based
frequency of use measures at regular intervals to circum-
vent this issue (see next section for details).

The current study

To assess the role of language use in foreign language
attrition, we followed a large group (N = 97) of L1
German learners of L3 Spanish over the course of a
year, spanning both their one-semester-long study
abroad in Spain as well as their first half a year back in
Germany. We chose to assess attrition rates after six

months, because previous research by Bahrick (1984a,
1984b) suggests that most forgetting happens within
the first months and years after exposure to the foreign
language stops. For feasibility reasons and to reach a
large number of potential participants, we tested partici-
pants online. To assess changes in Spanish proficiency
over time, we administered an online picture-naming
vocabulary test in Spanish just before the study abroad
(T1), at the end of the study abroad (T2) and roughly six
months post return to Germany (T3). Since this study is
about forgetting, the analyses reported below concern
changes from T2 to T3. The T1 measurement is only rel-
evant for two secondary analyses, as explained further
below. We chose to study productive vocabulary for
maximal comparability with the above-cited lab-based
language attrition studies, and because productive FL
skills are known to attrite first (e.g. Bahrick, 1984a,
1984b), increasing our chances of observing attrition in
the six-month attrition window. In the remainder of this
paper, terms such as Spanish proficiency and Spanish
attrition always refer to Spanish lexical proficiency and
Spanish lexical attrition, respectively, even when we do
not explicitly specify this every time.

Next to the Spanish proficiency test, we administered
fluency tests in German (L1) and English (L2) and a
language background questionnaire at each session, as
well as a short frequency of use questionnaire once
every month in between. To get representative and
accurate frequency of use estimates, we opted for a
more continuous and less abstract frequency of use
measure than previous studies. Instead of asking our
participants once in retrospect, we asked them to esti-
mate their current frequency of use once every month
during the attrition period. This resulted in about six fre-
quency of use measurements to average over rather
than one single measurement. As in Mehotcheva
(2010), we asked for frequency of use indications in
the target foreign language Spanish, as well as in L1
German, L2 English and any other languages. Rather
than making judgments on a scale, we asked our partici-
pants to estimate the percentage of time they currently
spent speaking (and listening, reading and writing) each
language. The total for each of these four domains had
to add up to 100%, such that a given percentage
reflected, for example, the percentage of time
someone currently spoke Spanish out of the total
amount of time they spent speaking. Because these per-
centages were given relative to a participant’s personal
total amount of language use (i.e. their 100%) rather
than some subjectively perceived notion of “rare” and
“frequent”, we expected that they would provide a
more reliable estimate than indications on a scale or esti-
mates given in hours or minutes.
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As already noted, amount of target FL use and the use
of other languages are inversely related, and so finding a
positive relationship between Spanish use and Spanish
retention entails finding a negative relationship
between Spanish retention and the amount of use of all
other languages. An interesting question, however, is
whether it matters which other languages an individual
speaks. Laboratory results from Mickan et al. (2020)
suggest that other foreign languages interfere more
with a new foreign language than a native language
does. Next to asking whether more frequent Spanish
use during the attrition period helps Spanish retention,
we thus also asked whether the ratio of L2 English over
L1 German use during the remaining timemakes a differ-
ence: does someone who predominantly uses German
when they do not speak Spanish suffer less from attrition
than someone who predominantly uses English?

In order to investigate whether there is a trade-off in
accessibility between languages, we had to complement
the (partly mutually dependent) frequency of use ratings.
To do so, we administered fluency tests in L1 German
and L2 English and asked whether changes in Spanish
proficiency would go hand in hand with changes in
fluency in these other two languages. If, as lab studies
suggest, there is such a trade-off (caused through interfer-
ence between languages) and assuming that frequent
language use results in higher fluency scores, we should
observe increases in fluency in German and English to be
associated with proficiency decreases in Spanish.

Finally, since quantity of input in a certain language
might not be the sole, or even most important predictor
of Spanish retention, we also asked for the type of input
our participants received. We therefore asked for fre-
quency of use ratings separately in reading, writing, lis-
tening and speaking. We also asked our participants to
report what percent they received native as compared
to non-native input in Spanish. Individuals who received
solely native input, regardless of the total amount of
input they get, might show less signs of attrition, or
attrite more slowly than people who received mostly
non-native and thus potentially incorrect input.

Other determinants of foreign language
forgetting

Language use is unlikely to be the only relevant predic-
tor of forgetting rates “in the wild”. Many factors have
been implicated in foreign language attrition (for the
most recent summary, see Mehotcheva & Mytara,
2019). In a naturalistic experiment, these other factors
should be taken into account to arrive at a parsimonious
model of foreign language attrition. In the current study,
we thus additionally included a number of variables that

either have been consistently shown to impact the rate
of forgetting, or that have yielded contradictory results.
In accounting for those variables, we hoped to get a
more complete picture of the determinants of foreign
language attrition.

Motivation
Similar to (and linked with) language use, one might
expect motivation to learn a foreign language well and
one’s attitude towards the FL to be important in deter-
mining how well FL skills are maintained. Once again
though, the empirical evidence for a role of motivation
in language maintenance (and conversely loss) is
sparse (see Mehotcheva & Mytara, 2019, for a recent dis-
cussion). Just as with language use, previous studies
assessed motivation only once, at the attrition measure-
ment (i.e. once attrition had already occurred). Motiv-
ation before attrition onset, however, is arguably at
least as important in determining the effort someone
will put into maintaining a foreign language. Moreover,
motivation is dynamic and can change over time (Niki-
tina & Furuoka, 2005), and hence can differ before and
after attrition onset. For a more nuanced and complete
picture, we administered a shortened version of Gard-
ner’s Attitude and Motivation questionnaire (see
Methods) at each of the main measurement sessions.
We then averaged over the pre-attrition (T2) and attri-
tion (T3) measurements to arrive at an estimate of
overall motivation and attitude towards Spanish
during the attrition period and asked whether this esti-
mate predicts forgetting rates.

Amount of experience with the foreign language
Length of exposure to the foreign language and thus
amount of experience with it prior to attrition onset is
also often thought to be important. Usually, length of
exposure is operationalised as the length of the stay
abroad. In our case, all participants went abroad for
only one semester. The variance in terms of study
abroad length is thus minimal in our sample and most
likely not meaningful in itself. In a comparable popu-
lation of German and Dutch learners of Spanish,
Mehotcheva (2010) also found no conclusive evidence
for a role of study abroad length on Spanish language
retention, even though in her sample the range of the
study abroad period was almost twice that in our
sample. In adult FL learners who only go abroad for a
short period of time, the study abroad is also often
only the tip of the iceberg. For many exchange students,
much of the learning of the FL happens before they go
abroad. It is hence variation in the amount (and possibly
intensity) of experience with Spanish prior to the study
abroad that we think is most important for a sample
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like the one tested in our study. Our learners started their
study abroad with different amounts of Spanish experi-
ence and hence we asked whether people with more
years of experience were less prone to undergo attrition
after the study abroad than those who had started learn-
ing Spanish more recently. The intensity of their prior
experience with Spanish might of course also play a
role, but we are not aware of a standardised way of
quantifying exposure intensity nor of calculating a com-
posite score with length of exposure and hence decided
to only take years of experience into account.

Foreign language proficiency before attrition onset
A variable closely linked to the amount of FL experience
is the proficiency level reached in the FL prior to attrition
onset. In fact, even though it has been claimed to be less
important than the amount of FL experience (Hansen,
1999), it is the variable that has been linked most con-
sistently to forgetting rates: People with higher levels
of FL attainment before attrition onset have repeatedly
been shown to suffer relatively less from attrition than
participants with lower levels of pre-attrition proficiency
(e.g. Bahrick, 1984a, 1984b; Mehotcheva, 2010; Murtagh,
2003; Weltens, 1988). Bahrick (1984a, 1984b), for
example, found that participants who had followed
more FL courses and who had received higher course
grades prior to attrition onset maintained a higher pro-
portion of vocabulary in what he called “permastore”
(i.e. vocabulary that remains available to a language
user even after more than 25 years of disuse of the FL).
While intuitively FL attainment should correlate with
the amount of FL experience, this need not necessarily
be the case: some participants might be more efficient
and faster learners than others and hence achieve
higher levels of proficiency in a shorter amount of
time. It thus seemed important to include both FL
experience and FL proficiency in our analysis.

Long-term memory capacity
A factor that we know very little about in relation to
(foreign) language attrition is long-termmemory capacity.
Most recent theoretical accounts of (FL) attritiondraw links
between language and domain-general forgetting, and
highlight the possibility of common underlying neural
substrates and cognitive processes (see for example,
Ecke, 2004; Köpke & Keijzer, 2019; Linck & Kroll, 2019;
Mickan et al., 2019). If the same or similar mechanisms
underlie both domain-general (i.e. non-verbal) and
language forgetting, it may be that someone’s rate of FL
attrition is partially determined by their (non-verbal)
long-termmemory capacity. We tested this by administer-
ing a standardised visual long-termmemory test at T3 (the
Doors test; Baddeley et al., 1994, 2016). To the best of our

knowledge, we are the first to investigate whether non-
verbal long-term memory capacity predicts foreign
language attrition severity.

Attrition self-judgment
Finally, we asked whether participants have a realistic
perception of how much they forget. Previous research
suggests that participants tend to overestimate their
personal amount of attrition (e.g. Murtagh, 2003;
Weltens, 1988). While this is not a variable that is
thought to predict or cause attrition, it is nevertheless
interesting to ask whether we observe a similar overesti-
mation of foreign language loss in our population.

Item-specific factors: word frequency and cognate
status
Next to individual difference factors, there are also vari-
ables that may influence the rate of forgetting on the
item level. High frequency words, for example, have
been found to be retained better than low frequency
words (e.g. Mehotcheva, 2010), and cognates tend to
be remembered better than non-cognates (e.g.
Weltens, 1988; though see Engstler, 2012). We therefore
included both of these factors in the analysis.

Learning context, age and other constants in the
present study

Of course, the above discussed variables do not consti-
tute an exhaustive list of the factors contributing to
foreign language forgetting. Including all possible pre-
dictors in one model was beyond the scope of the
current study, and so, in an effort to reduce the
number of predictors, we kept some factors constant.
These factors include the learning context (natural /
immersion or instructed), the languages involved, as
well as the age and socio-economic status of the attriters
and the length of the attrition period (see Mehotcheva &
Köpke, 2019; Mehotcheva & Mytara, 2019, for overviews
and discussions of these variables). We selected our par-
ticipants to be as closely matched on these aspects as
possible: all of our participants were German university
students between 20 and 29 years of age. They all
went to Spain on a study abroad and hence learned
Spanish both under natural circumstances while
abroad as well as in a formal (classroom) setting prior
to the study abroad. We scheduled the attrition
session to take place roughly six months after the end
of the study abroad for everyone, and participants
were all back in Germany and immersed in their L1 at
that time point. Six months is a relatively short attrition
period. Previous research, however, suggests that most
forgetting happens within the first months and years
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after attrition onset (Bahrick, 1984a, 1984b). We thus
expected to observe at least some amount of attrition
within six months. Investigating a much longer period
than that was simply not possible given the time con-
straints of the PhD project that this research was part of.

Attrition as the mirror image of acquisition?

The fact that we have a pre-study-abroad baseline (T1)
next to the pre-attrition baseline (T2) gave us the opportu-
nity to ask an additional question about the nature of attri-
tion: namely whether the forgetting process is the reverse
of the acquisition process, and hence whether the infor-
mation acquired last is also the first to be forgotten. This
hypothesis was originally formulated by Jakobson (1941)
to explain pathological L1 loss and is commonly known
as the Regression Hypothesis (RH). Since its initial formu-
lation, alternative versions have been advocated and
researchers have argued that it might not be the infor-
mation learned last, but rather the information learned
least well that is forgotten first (e.g. Hedgcock, 1991). The
jury on this debate is still out, partially because these
two versions of the RH are hard to tease apart in real life,
where information learned last often is also learned least
well. In fact, there is evidence in support of the RH in
both of its formulations (e.g. Hansen, 1999; Hedgcock,
1991; Kuhberg, 1992; Olshtain, 1989). Most of this evidence,
however, comes from studies with children and from the
domain of syntax and morphology. For vocabulary and
late adult L2 learners, to the best of our knowledge, the
RH has only been tested (and confirmed) once, in a cross-
sectional design (Wang, 2010). There is thus still a need for
more research on whether the words learned last (or least
well) are indeed the first to be forgotten. Having not only
a pre- and post-attrition (i.e. T2 and T3) measure, but also
a pre-study abroad baseline (T1) enabled us to ask, in an
additional analysis, whether the words learned most
recently (i.e. during the study abroad: unknown at T1 but
known at T2), are more likely to be forgotten by T3 than
the words that were already known before the study
abroad (i.e. known at both T1 and T2). This does not dis-
tinguish the two versions of the RH from one another, but
it does test the RH in its original formulation.

Methods

Participants

During the summer months of 2018, we invited students
of 33 German universities who were about to embark on
a study period in Spain to our study. In total, we received
481 sign-ups, of which we selected 194 German native
speakers. Selection criteria were having German as

their only mother tongue, the length of the study
abroad period (4–7 months), their study abroad start
date (no earlier than mid-August 2018, no later than
October 2018) and whether they were planning on
attending university courses in Spanish or English (see
Supplementary Materials, S1, for details).

Due to participant drop-out and technical difficulties
with the online recording of audio responses in some of
the tasks, only 99 of these participants contributed data
to both T2 and T3 (see Supplementary Materials, S1, for
details on drop-out rates). Next to exclusions based on
data availability, we excluded an additional two partici-
pants because of possible distraction or cheating
during the Spanish oral naming task (indicated by fre-
quent typing noises). The remaining 97 participants
form the dataset for all analyses reported in this paper.

Participants from the final set (71 females) were
between 20 and 29 years of age (M = 22.30, SD = 1.80),

Table 1. Participant characteristics.
M SD Range

Spanish
Spanish AoA 15.82 3.24 10–26
Amount of experience with Spanish (in years, at
T1)

3.78 2.32 0–11

Spanish proficiency self-ratings T1
Speaking 3.70 1.58 1–7
Writing 3.65 1.38 1–6
Listening 4.26 1.44 1–7
Reading 4.39 1.25 1–7
Mean across domains 4.00 1.41

T2
Speaking 4.49 1.15 1–7
Writing 4.34 1.18 1–7
Listening 4.91 1.20 1–7
Reading 4.99 1.04 1–7
Mean across domains 4.68 1.14

T3
Speaking 4.30 1.29 1–7
Writing 4.09 1.15 1–6
Listening 4.78 1.20 1–7
Reading 5.08 1.03 1–7
Mean across domains 4.56 1.17

English
English AoA 8.86 1.93 3–14
English proficiency self-ratings T1
Speaking 5.29 0.91 3–7
Writing 4.93 1.03 3–7
Listening 5.68 0.84 4–7
Reading 5.63 0.98 2–7
Mean across domains 5.38 0.94

T2
Speaking 5.26 0.90 3–7
Writing 4.98 1.10 2–7
Listening 5.72 0.80 3–7
Reading 5.73 0.88 3–7
Mean across domains 5.42 0.92

T3
Speaking 5.23 1.08 1–7
Writing 5.04 1.22 1–7
Listening 5.77 0.92 2–7
Reading 5.73 0.97 4–7
Mean across domains 5.44 1.05

Notes: AoA = age of acquisition. Proficiency self-ratings were acquired on a
7-point Likert scale (1 = very poor, 7 = like a native speaker).
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had normal or corrected-to-normal vision and reported
no history of neurological impairment or speech
related disabilities. For all participants, English was
their first foreign language. At the time of recruitment,
prior to their study abroad, all of them knew some
Spanish, though to varying degrees. Proficiency self-
ratings at each of the three main measurement time
points, both for English and Spanish, can be inspected
in Table 1. Other languages that participants knew
included most prominently French and Latin. Spanish
is referred to as L3 in this paper, even though it was in
fact L4 or even L5 for some of our participants.

22 of the 97 participants studied Spanish / Latin Amer-
ican studies at their German home universities; the
remaining participants came from other study pro-
grammes. Figure 1A illustrates where participants’ home
universities were situated. Study abroad destinations
within Spain varied and can be inspected in Figure 1B.
Participants went to Spain for on average 5.14 months
(SD = 0.72, range = 3.53–7.96). At the time of the
attrition measurement (T3), participants had been back
in Germany for on average 6.17 months (SD = 0.45,
range = 4.9–7.7; see Procedure section for details on
session timings).

Participants took part on a voluntary basis and were
reimbursed via bank transfer with €20 per completed
time point, thus making for a total of €60 if they com-
pleted all three sessions. The study was approved by
the ethics committee of the Faculty of Social Sciences,
Radboud University (ESCW2016-1403–391).

Procedure & materials

Overview
We followed participants for one year, spanning their
study abroad period and their first six months back in

Germany, thus documenting both their study abroad
and the initial stages of the subsequent attrition
process. Throughout this time, participants were tested
online at three time points: at the beginning of their
study abroad (T1), at the end (T2), and roughly six
months after leaving Spain (T3), when they were back
in Germany (see Figure 2). We will subsequently refer
to those measurement time points as sessions. At each
session, participants first completed a questionnaire, fol-
lowed by a Spanish picture naming vocabulary test, and
finally a number of English and German fluency tests. At
T3, participants additionally completed a long-term
memory test. In between these sessions, about once
every month, participants were also asked to complete
a questionnaire rating their current frequency of use in
Spanish, English and German.

All tasks were administered online. For each session,
participants received an email with personalised links
to each task, in the order they had to be completed in,
and the instruction to do so within two weeks. If necess-
ary, we sent reminder emails (see Supplementary
Materials, S2, for details). For all tasks, participants
were asked to find a quiet spot in which to do the
tasks alone, within one sitting and in the indicated
order. Time stamps on the logfiles suggest that all par-
ticipants complied with those instructions. Logfiles and
audio recordings were stored on a secure Radboud uni-
versity server to which only the first author of this paper
had access.

Timings of sessions
The timing of the tests was participant-specific and
depended on when a participant had started to study
abroad, when they were planning to return to
Germany, and whether they had any extended trips to
other countries planned in between, such as trips back

Figure 1. A. Map of Germany showing where participants’ home universities were located. B. Map of Spain showing where partici-
pants went to study abroad.
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to Germany between T1 and T2 and trips back to Spain
between T2 and T3.

T1 timing. As soon as participants signed up and were
deemed suitable for the study (see Participant section),
they were invited for the first session. Participants com-
pleted T1 either before they left for Spain (10%), or
within their first (45%), second (38%) or third (7%) week
in Spain.

T2 timing. T2 was initially scheduled to take place two
weeks before participants would return to Germany.
However, because the study abroad spanned the Christ-
mas vacation and, as determined in a short pre-Christmas
questionnaire,mostparticipantswentback toGermany for
the holidays, we had to reschedule T2 for some of them.
Participants who went back to Germany for a week or
longer and who would return to Spain for only a relatively
short amount of time (see SupplementaryMaterials, S3, for
details), were invited to complete T2 before Christmas (29
out of the 97 participants) to ensure that their T2measure-
ment reflected their peak Spanish performance. All
remaining participants were invited as originally
planned, two weeks prior to the end of their study
abroad. 77% of them completed T2 while still in Spain,
19% within the first two weeks back in Germany and 4%
within the first three weeks back in Germany.

T3 timing. T3 was initially scheduled exactly six months
after a participant left Spain. Given, however, that these
T3 dates spanned the summer vacation period, we
adjusted individual T3 dates based on participants’

indicated summer vacation plans (collected in a question-
naire). Adjustments weremade such that T3 would ideally
take place before any vacation, but most importantly
before any trips to Spanish-speaking countries, while
keeping the time between T2 and T3 maximal and close
to 6 months. If this was not possible, we made sure that
there was at least one month in between returning from
vacation and the respective T3 test. On average, T3 took
place 6.18 months after participants left Spain (SD = 0.45,
range = 4.9–7.7).

The tasks administered at each session always fol-
lowed the same procedure, described as follows.

Spanish vocabulary test (dependent variable)
Materials. Tomake sure that our vocabularymeasurewas
sensitive to the type of vocabulary knowledge acquired
while abroad, item selection was informed by results
from a pilot study with five participants who had been
on a similar stay in a Spanish-speaking country. For a
larger set of items, they indicated whether they knew
each word and whether they thought they learned it
during their stay abroad. We selected from this item set
as many words as possible that tended to be learned
abroad.

The resulting set of items consisted of 144 pictures of
everyday objects and animals in Spanish (see the Appen-
dix for a full list of items) that had to be named at each
session. The first four of those were practice items and
were not included in analyses. Three additional items
were excluded because their corresponding pictures
turned out to be ambiguous (e.g. the picture of a pearl
often elicited ball). Out of the remaining 137

Figure 2. Online study overview.

18 A. MICKAN ET AL.



experimental items, 18 were cognates between Spanish,
German and English, 23 were cognates between Spanish
and English only, and the remaining 96 words were non-
cognates in the three languages. We defined cognates
as translation equivalents with a form overlap of at
least 50%, either phonologically or orthographically.
Cognates thus included both identical cognates, such
as “sofa” (German: Sofa, Spanish: sofá), and non-identical
cognates, like “botella” for the English word “bottle” (see
the Appendix for a full list). Because we did not see per-
formance differences in Spanish recall between
cognates in all three languages and cognates in only
Spanish and English (neither at T2: t(38.50) = 0.52,
p = .605, nor at T3: t(37.88) = 0.64, p = .526), we collapsed
over the two types of cognates for the analyses below,
distinguishing only non-cognates from cognates (of
any type).

Experimental items were between 1 and 5 syllables
long in Spanish (M = 2.64, SD = 0.81). Their Spanish log
frequencies ranged from 1.08 to 4.67 (M = 2.63, SD =
0.62, according to the Spanish Subtlex, Cuetos et al.,
2011) and their corresponding German log lemma fre-
quencies ranged from 0.30 to 3.77 (M = 2.29, SD = 0.65,
according to the German Subtlex, Brysbaert et al.,
2011). We chose items from all frequency bands to
make sure that participants’ performance would not
reach ceiling or floor at any session. One could argue
for inclusion of either the Spanish or the German fre-
quency counts in a model on Spanish forgetting rates,
which are highly correlated (r = 0.74). Nevertheless, for
analysis, we chose the one which best predicted
Spanish forgetting rates, which turned out to be
Spanish log frequency (see Supplementary Materials, S8).

Pictures were photographs taken from Google
images and the BOSS database (Brodeur et al., 2010).
All pictures were displayed on a white background and
occupied a maximum of 400 px in either width or length.

Procedure. After passing a microphone detection test,
participants were instructed to name pictures of objects
and animals in Spanish to the best of their knowledge,
without consulting a dictionary and while alone in a
quiet room. They were instructed to say “I don’t know”
(in German) if a Spanish label for a picture was unknown.
Four practice trials were administered after which partici-
pants could start the main part of the experiment via a
button press.

Each trial started with the presentation of a picture in
the centre of the screen. The audio recording started
automatically at picture onset. Participants had a
maximum of one minute for their response. The record-
ing stopped either after one minute or when partici-
pants clicked a button to indicate that they were done

speaking. The recording was uploaded to the server,
after which participants pressed a button to proceed
to the next trial. The order of presentation of the items
was identical for all participants, but different between
sessions T1, T2 and T3 (see the Appendix for session-
specific item lists).

Accuracy scoring. For each oral response, we counted
howmany phonemes were produced correctly and incor-
rectly. We chose this fine-grained coding to take partially
correct responses into account (e.g. sella instead of sello;
at T2: 5% in total and 14% of errors; at T3: 5% in total
and 12% of errors; see also de Vos et al., 2018; Mickan
et al., 2020). Incorrect productions could be either inser-
tions, deletions or substitutions (see Levenshtein, 1966).
Table 2 exemplifies the scoring procedure for the sella
example.

Sella would be counted as having three correct pho-
nemes and one incorrect phoneme. The vector of these
two numbers (3,1) formed the basis for the dependent
variable for statistical modelling. To provide descriptive
statistics, we calculated an accuracy percentage (%
correct for sella: ¾ = 75%). When participants corrected
themselves, or otherwise needed multiple attempts to
name a picture, the last utterance was scored. Synonyms
were counted as correct productions and their phoneme
count was adjusted as if the synonym was the target.

Predictor variables
Fluency tasks.Material: At each session, participants com-
pleted threeGerman and three English fluency tests. In the
interest of time and to avoid repeated measurements
across sessions, we administered one letter fluency and
two category fluency tests per language and session (i.e.
six subtasks instead of three letter and three category
tasks per language). The letters and categories differed
across sessions and languages (see Table 3 and Sup-
plementary Materials, S4, for details on selection pro-
cedure). All fluency tests were pre-tested with seven
participants in German and English to ensure that they
were at an appropriate level for speakers with low tomod-
erate English proficiency.

Procedure: The fluency tests were administered in a
fixed order that was identical for all participants: the
English letter fluency task was followed by the two
English category fluency tasks, which were followed in
turn by the German letter fluency test and finally the

Table 2. Scoring example, phonetically transcribed.
Target word s e ʎ O

Participant’s production s e ʎ A
Scoring correct correct correct Incorrect

(substitution)
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two German category tests. The letter and semantic cat-
egory to be produced differed across sessions to avoid
repetition or practice effects (see Table 3); however,
the same categories were tested in each session for
each participant to make differences in performance
across participants informative. The fluency test also
started with a microphone test, followed by the instruc-
tion to name as many words as possible, but to avoid
proper names, compounds with the same head (e.g.
fish, fishnet), and inflections or derivations of words
(e.g. run, ran, running, or actor, actors, actress). Each
test started with a countdown of five seconds during
which the participant saw the category or letter for the
upcoming task accompanied by a British or German
flag indicating the response language, after which the
recording started automatically. Following the standard
for such fluency tests (e.g. Bolla et al., 1990; Gladsjo et al.,
1999; Rosselli et al., 2002; Shao et al., 2014), the allowed
response time was one minute, after which a pause
screen appeared. Participants could start the next
fluency task by clicking a button.

Answer Scoring: Answers were coded offline. Each
existing, unique word that fulfilled the restrictions
described in the instructions was counted as a valid
word. The number of those valid responses was used
as the score for each task. Due to technical difficulties,
the last fluency task in each session failed to comple-
tely upload to the server for some participants, such
that recordings for 20% of participants lasted only
20–50 s rather than a full minute. Rather than exclud-
ing these participants, we therefore decided to omit
the last fluency task. This means that for the German
category fluency score, we only have one category
(always the first listed per session in Table 3), rather
than two.

To arrive at a fluency change score, we subtracted the
number of valid words for each given letter or category
at T2 from their respective T3 scores and divided this
number by the T2 score, thus indicating how much a
participant’s fluency increased or decreased from T2 to
T3. For the English category fluency, we averaged over
the two category scores; all other scores reflect perform-
ance on just one task per session. Because different

categories were used in each session, mean fluency
differences between T2 and T3 for each language are
not interpretable but changes in fluency by participant
across sessions can indicate a trade-off in accessibility
between languages.

Questionnaires. At each session, participants filled in a
questionnaire asking for frequency of use ratings in all
languages, proficiency self-ratings in Spanish and
English, their motivation to learn Spanish, and a few
session-specific questions about their study abroad and
their time back in Germany. The full list of questions for
each session in their original order can be inspected in
the supplementary materials (S5). Below we will only
describe those parts of the questionnaires that we
included in the analyses reported below. Other questions
were either not suited for analysis (open questions), not
relevant for forgetting rates, or were measured for outlier
detection rather than analysis.

Frequency of use ratings: At each session and once
every month in between, we asked participants to esti-
mate their current frequency of use in Spanish,
German, English and other languages for the following
four domains: reading, writing, speaking, and listening.
Estimates were given in percentages, the sum of which
had to add up to 100% in each domain (e.g. Spanish
50%, German 20%, English 30%), such that a reported
percentage reflected the relative time someone spent,
for example, reading in a particular language out of
the total amount of time they spent reading. Note that
this percentage does not take into account the total
amount of time that someone spends reading, speaking,
writing and listening. To get a sense of the latter, we
additionally asked for estimates in hours (at T2 and T3
only, separately for a number of different contexts, see
Supplementary Materials, S4). These additional esti-
mates suggested that our participants did not differ
much in the amount of time they spent doing particular
activities (all SDs < 1.6 h), which reinforced our choice to
use the percentage scores for analysis.

For analysis, we averaged over the four domains,
resulting in one frequency of use percentage per
language, session and participant. We chose to average
over domains in an effort to reduce the number of pre-
dictors for analysis, and because correlations across
domains at both T2 and T3 were high (all r’s > .60; see
Supplementary Materials, S7, for a complete correlation
matrix). We further averaged across all measurements
after T2 (that is all in-between measures and T3), such
that the final frequency of use percentage for each
language reflected the average amount of time a partici-
pant spent using that language after their study abroad.
As we explain in the Introduction, we believe that this

Table 3. Letters and categories chosen for the fluency tests.
English German

Letter Categories Letter Categories

T1 F land animals,
professions

P kitchen utensils, vegetables

T2 A clothes, fruit M hygiene/bathroom supplies,
transportation means

T3 D body parts,
electronic
devices

B sports, office supplies
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average provides a more accurate estimate of the total
average frequency of use over the attrition period than
a retrospective estimate of frequency of use obtained
at T3 only (as was often the case in previous studies).

Because the frequency of use indications for all
languages together add up to 100%, they are mutually
interdependent, and cannot be entered into a statistical
model together. Because of this, we reduced the three
frequency of use measures (for English, German, and
Spanish) to two: Spanish frequency of use and the
ratio of English over German use. The ratio reflects
whether someone predominantly used German (L1) or
English (L2) during the time not spent speaking
Spanish. A ratio greater than 1 reflects more use of
English compared to German, a ratio of 1 reflects equal
use of the two languages, and a ratio between 0 and 1
reflects more use of German compared to English.

Motivation questionnaire: The motivation questions
were identical in all sessions, and were taken in part
from Mehotcheva (2010) and in part from Gardners’ Atti-
tude and Motivation Test Battery (AMTB, Gardner,
1985).1 All 37 questions were translated into German,
and were adjusted to the study abroad context when
necessary (see Supplementary Materials, S5, for the full
list of questions). Answers were given on a scale from
1 (“completely disagree”) to 7 (“completely agree”).
25% of the questions were mirrored (with a low score
meaning high motivation) and scores for those reversed
before analysis. Questions were divided over 5 subcate-
gories (in line with Gardner’s taxonomy) asking partici-
pants about their:

(1) General motivation to learn foreign languages (11
questions)

(2) Attitude towards the Spanish people (9 questions)
(3) Integrative motivation to learn Spanish (i.e. for social

& intrinsic reasons) (6 questions)
(4) Instrumental motivation to learn Spanish (i.e. for

pragmatic/utilitarian reasons, such as finding a job)
(5 questions)

(5) Anxiety / nervousness related to using Spanish (6
questions; high score = high anxiety)

For modelling, we followed Gardner’s suggestion to
average each participants’ scores on the first three sub-
categories to arrive at an overall score of integrative
motivation per session. This choice was reinforced by
the fact that scores on these three categories correlated
highly positively with one another (all r’s at T2 and T3
> .50, see Supplementary Materials, S7, for the full corre-
lation matrix), while scores on instrumental motivation
and anxiety did not correlate strongly with any of the
other categories (r’s < .30). We thus kept the latter two

subscales separate. Finally, because we were interested
in how someone’s average motivation to learn Spanish
after the study abroad would affect their Spanish voca-
bulary development from T2 to T3, we chose to
average T2 and T3 scores for each of the three subcate-
gories for each participant.

Type of Spanish input: At both T2 and T3, we asked
participants whether they were currently regularly
speaking Spanish, and if so, to what percent they were
doing so with Spanish native speakers as compared to
non-native Spanish speakers. The total percentage had
to add up to 100%. This question was only asked to par-
ticipants who indicated that they were still actively using
Spanish, which was 47 out of 97 participants at T3.
Hence, we could not include this variable in the main
analysis. We did, however, run an additional analysis
including this variable on this subset of participants.
For this secondary analysis, we used the average percen-
tage of native input across T2 and T3 as predictor for
Spanish forgetting rates.

Attrition self-judgment: Finally, at T3, we asked partici-
pants to judge whether their Spanish had improved or
worsened since returning from Spain. Judgments were
made on a scale from 1 (worsened a lot) to 7 (improved
a lot), with 4 reflecting no (perceived) change. The result-
ing score was entered into the statistical models as is, in
order to find out whether participants’ perceived attrition
aligns with our objective Spanish proficiency measure.

Doors test. At T3 only, we asked participants to complete
the Doors test, a visual long-termmemory test developed
by Baddeley et al. (1994). Out of the 100 target-foil sets
available on the “Doors of memory” website (https://
www.york.ac.uk/res/doors/resources.shtml; Baddeley
et al., 2016), we chose 30 sets to make the test short
enough to administer online (see the Supplementary
Materials, S8, for a list of doors). The test started with an
encoding phase, in which participants saw a sequence of
30 target door pictures, each for one second, separated
by blank screens of 200 ms. Participants were told to
remember the doors and that they would later be tested
on them. In the test phase, participants saw 30 picture
assemblies, consisting each of one previously seen door
(i.e. the target) and three foils, matched in style and
colour to the target door. The participants’ task was to
select the previously seen target door by clicking on it.
There was no time limit and participants did not get feed-
back on their selection. For analysis, we calculated the per-
centage of correctly recognised target doors.

Overview of predictors. All variablesusedaspredictors of
forgetting rates from T2 to T3 are summarised in Table 4.
Next to the predictors described in detail above, we also
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included amount of experience with Spanish prior to the
study abroad and T2 performance as predictors (see Intro-
duction for motivation), making for a total of 14 partici-
pant-level predictors. Finally, word frequency and
cognate status were included as item-level predictors.
Descriptive statistics about each predictor appear in the
Supplementary Materials, S6.

Modelling

To investigate individual differences in forgetting rates,
we ran logistic mixed effects models in R (Version
3.5.1, R Core Team, 2018), using the lme4 package
(version 1.1–21, Bates et al., 2015) and the optimiser
bobyqa. The dependent measure for all these models
was the odds of correctly producing a phoneme for a
given target word in the Spanish vocabulary test. A
two-column matrix with the number of correct and
incorrect phonemes for each target word at both T2
and T3 was passed to the model as dependent variable
(see Accuracy coding above, this is one of multiple ways
of specifying the response variable in binomial models,
see https://www.rdocumentation.org/packages/stats/
versions/3.2.1/topics/family; see also de Vos et al.,
2018; Mickan et al., 2020, for examples of this approach).

Forgetting rates are reflected by a change in accuracy
from T2 to T3. Hence, we included a variable Session (T2
vs T3) that was effects coded (−0.5, 0.5), such that a
negative beta estimate for this variable reflects forget-
ting (i.e. a decrease in accuracy from T2 to T3) and a

positive estimate reflects learning (i.e. an increase in
accuracy from T2 to T3).

To examine changes in forgetting rates, we entered
each predictor in interaction with Session into the
model. A significant interaction term means that a pre-
dictor affects the change in accuracy from T2 to T3: a
positive estimate reflects that with every unit increase
in the predictor variable, vocabulary size (the dependent
variable) at T3 became larger relative to T2 (i.e. a learning
effect). A negative interaction estimate, in turn, reflects
decreasing T3 vocabulary scores compared to T2 (i.e. for-
getting) with larger predictor values.

For each of the above listed predictors, we checked
whether their inclusion in a model with Session signifi-
cantly improved model fit compared to a baseline
model with Session as the only predictor. If inclusion
of a predictor indeed improved model fit, as assessed
via chi-square model comparisons, the predictor was
later included in the final full model, otherwise it was dis-
carded (see Supplementary Materials, S9, for model
comparison outcomes). In the final model, we then
entered all significant predictors, each in interaction
with the Session variable, together. We did this in
order to reduce the number of predictors in the final
model and to arrive at the most parsimonious final
model justified by the data. All models, both the separ-
ate initial models as well as the final full model, included
random intercepts for both Subject and Item, and all p-
values were calculated by model comparison, using chi-
square tests, omitting one factor at a time.

Table 4. Overview of predictor variables assessed via model comparison (German = L1, English = L2, Spanish = L3).
Participant-level predictors

Predictor name Description

Frequency of use
Spanish average frequency of use of Spanish (in %), averaged over the four domains (speaking, writing, listening, reading) for the

entire period after returning to Germany (i.e. all measures taken after T2)
English-German ratio ratio of English over German use, averaged over the four domains for the entire period after returning to Germany.

score = 1 → equal use of German and English
score < 1 → more German than English
score > 1 → more English than German

Fluency
English letter relative difference in fluency between T2 and T3 ((T3-T2)/T2) on the English letter test
English category relative difference in fluency between T2 and T3 ((T3-T2)/T2) on the average over both English category tests
German letter relative difference in fluency between T2 and T3 ((T3-T2)/T2) on the German letter test
German category relative difference in fluency between T2 and T3 ((T3-T2)/T2) on the first German category test

Motivation2

Integrative average integrative motivation score at T2 and T3
Instrumental average instrumental motivation score at T2 an T3
Anxiety average anxiety score at T2 and T3

Memory capacity % correct score on the Doors test
T2 Spanish proficiency % correct in the Spanish vocabulary test at T2
Amount of experience with
Spanish3

amount of experience with Spanish prior to the study abroad (in years), as reported in Table 1

Attrition self-judgment subjective rating of having improved or gotten worse in Spanish since returning from Spain, indicated on a 7-point Likert
scale

Amount of native Spanish input average % of native Spanish input (regardless of the total amount of Spanish input) across T2 and T3
Item-level predictors
Word frequency Spanish log frequency
Cognate status distinguishing non-cognates from cognates (in any of the three languages, e.g. German-Spanish-English or English-Spanish)
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Next to the main analysis, we also had three second-
ary research questions (see Introduction), which will be
described in the Results section.

Results

Descriptive statistics for the dependent variable
and the predictor variables

Spanish picture naming performance
Figure 3 shows participants’ performance in the Spanish
vocabulary test at T1, T2 and T3. On average, participants
learned Spanish words while abroad (absolute learning
rate between T1 and T2: M = 17%, SD = 8%, range =
−1% – 42%) and forgot words after returning to
Germany (absolute forgetting rate between T2 and T3:
M = 4%, SD = 6%, range =−12% – 21%). However, as
the by-participant data show (plotted in light- and
dark-grey lines in the background), there is a lot of vari-
ation. Zooming in on T2 and T3, it turns out that while
the majority of participants forgot some Spanish, some
forgot much more than others, and some participants
even improved from T2 to T3. It is these individual

differences that we hope to explain with the above-
listed predictor variables.

Distributions of predictor variables
Frequency of use. Figure 4 shows how frequency of use
changed throughout the duration of the study (panel A),
as well as how the resulting two frequency of use predic-
tors (for Spanish, and the ratio between English and
German use) for the time after T2 are distributed (panel
B). After leaving Spain, participants spoke German the
vast majority of the time and very little Spanish and
English. The rather narrow standard error around the
mean in this plot, as well as the corresponding histogram
in panel B, furthermore show that there is relatively little
variability in the frequency of use measures, especially
with regard to the ratio of English to German use. None
of our participants used more English than German
(values are never above 1) and the majority used far
more German than English. For Spanish use, the distri-
bution is also right-skewed and most participants used
Spanish 10% of the time or less.Fluency. Participants’ per-
formance on the fluency tasks at T2 and T3, as well as

Figure 3. A. Participants’ performance on the Spanish vocabulary test at T1 and T2. Dark grey lines represent people who learned on
average while abroad, light grey lines represent people who forgot while abroad (N = 1). B. Participants’ performance on the Spanish
vocabulary test at T2 and T3. Dark grey lines reflect participants who learned on average after returning from abroad, light grey lines
reflect participants who forgot after returning to Germany. In both subplots, the red line reflects the group mean and error bars cor-
respond to the standard error around the mean.
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histograms for the resulting predictors can be inspected in
Figure 5. Because the to-be-named categories were
different at each session, absolute changes from T2 to T3
are not directly interpretable. We are instead interested
in whether relatively large or small changes in (German
and English) fluency scores from T2 to T3, compared with
the other participants, predicted Spanish forgetting rates.

Motivation. Average motivation scores for each subcate-
gory at T2 and T3, and the distributions of the correspond-
ing predictor variables, can be inspected in Figure 6.
Participants were, overall, very motivated to learn
Spanish, and were so more out of personal interest and
affinity with the language than for practical reasons
(compare integrative with instrumental motivation).
Therewas alsomuch less variability in participants’ integra-
tivemotivation compared to their instrumental motivation
and their anxiety to speak Spanish. Moreover, on average,
participants’motivation,both instrumental and integrative,
aswell as their anxiety to speak Spanish changedminimally
from T2 to T3. Again, there was considerable variability
between participants though. As explained above, for
analysis, we averaged across T2 and T3 for each participant
and each motivation subscore. In doing so, we approxi-
mated each participant’s average motivation throughout
the time period under investigation. As explained in

Table 4, only the instrumental motivation score entered
the full model reported below. Including all three motiv-
ation scores was not possible with the current sample
size, and we chose instrumental motivation because (as
confirmed viamodel comparison) it was the best predictor
of forgetting rates out of the three subscores.

Remaining Participant-Level Predictors. Distributions
for the remaining predictors can be inspected in Figure
7. Panel A shows the memory performance measure: Per-
formance on the Doors test was mostly above the chance
level of 25% (M = 53%, SD = 15%). Panel B shows the
average performance in the vocabulary test at T2: T2 per-
formance varied (M = 66%, SD = 17%), but not a single par-
ticipantwas at floor or at ceiling (range = 23–94%). Panel C
shows self-judgments of attrition: The average participant
thought their Spanish had not changed after moving back
to Germany (M = 3.92, SD = 1.57). Again though, there was
considerable variation in participant’s attrition self-judg-
ments with answers spanning almost the full scale of
answers (from 1 “got a lot worse” to 7 “improved a lot”).

Between-predictor correlations. A correlation plot for
all 13 participant-level predictors is shown in Figure 8.
The strongest associations exist between Spanish fre-
quency of use and T2 performance (r = .51) and

Figure 4. A. Average frequency of use for each language throughout the duration of the study abroad as well as their time back in
Germany. Grey areas reflect the standard error around the mean. Vertical stripes indicate the average start and end date of the study
abroad and grey areas around those averages reflect the absolute ranges of start and end dates respectively. B. Histograms for the two
frequency of use predictors for modelling. The dashed blue line reflects the mean for each variable.
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Spanish frequency of use and the motivation question-
naire scores: integrative (r = .36) and instrumental motiv-
ation to learn Spanish (r = .49) and anxiety to speak
Spanish (r = -.44). T2 performance also correlated posi-
tively with integrative motivation (r = .42) and negatively
with anxiety to use Spanish (r = -.44). No correlations
exceeded .51, and all variance inflation coefficients are
below 1.8, indicating that our predictors are sufficiently
independent to be included within one explanatory
model (Forthofer et al., 2007). Out of all 15 predictor vari-
ables (including the two item-level predictors), ten made
it into the final model (see Supplementary Materials, S8,
for the results of the model comparisons and Table 5
below for the final full model outcome).

For the subset of participants (N = 47) that we used
for the analysis including the amount of native Spanish
input predictor, the same relationships between predic-
tors hold (see Supplementary Materials, S10, for the
corresponding correlation matrix). The Spanish input
predictor does not correlate highly with any of the
other predictors (all r’s < .22).

Regression model outcomes

What predicts forgetting rates after a study
abroad?
In themain analysis we askedwhether the extent towhich
participants forgot Spanish after returning to their home

Figure 5. A. Violin plots for the number of words produced in each of the fluency tasks at T2 and T3. Categories/letters are plotted in
the order that they were administered in. White dots represent means per task. Black dots represent individual participants. Violin plot
outlines represent the distribution of the data. B. Histograms for the four resulting predictor variables used for modelling. Dashed blue
lines reflect the mean for each predictor.
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countries could be predicted by any of the participant-
and/or item-level predictors discussed above. Model out-
comes from the mixed effects logistic regression that we
ran to answer these questions can be inspected in Table 5.

We will first discuss the participant-level predictors,
then the item-level predictors. In both cases, we will
only discuss significant main effects if the predictor did
not also significantly interact with session. For predictors
that significantly modulated forgetting rates, their
relationship to Spanish performance is illustrated in
Figure 9. Note that these plots reflect a simplified visual-
isation of the otherwise complex interactions between
the predictors and the session variable (for the original

predictor plots from the mixed model, please consult
the Supplementary Materials, S11).

First, we observed a main effect of Session such that
participants made more errors in the Spanish vocabulary
test at T3 than at T2. This means that after roughly half a
year back in their home country, participants had overall
forgotten some of the Spanish they used to know at the
endof their study abroad (M = 4%, SD = 6%). Thismain for-
getting effect was modulated by a number of factors,
including, most importantly, Spanish frequency of use:
people who still used Spanish relatively frequently after
leaving Spain forgot less on average (and in fact even con-
tinued learning) compared to individuals who used less

Figure 6. A. Average scores on each of the three subparts of the motivation questionnaire at T2 and T3. Light grey lines and dots
reflect participant averages. Red lines reflect the means with the error bars denoting the standard error around the
mean. B. Histograms for the three resulting predictor variables. The dashed blue lines reflect the mean for each predictor.
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Spanish (see Figure 9 for visualisation). English and
German letter fluency also significantly modulated for-
getting rates, and did so in opposite ways (Figure 9).
People whose English letter fluency scores (relative to
other participants) increased from T2 to T3 forgot less
Spanish than people whose English letter fluency

decreased.2 For German letter fluency, we observed the
opposite pattern: participants whose German letter
fluency scores increased from T2 to T3 forgot more
Spanish than people whose German letter fluency scores
decreased. Possibly, the fact that we were able to use
only one category per session instead of the more

Figure 7. Histograms for the remaining predictor variables used for modelling. The dashed, blue lines reflect the mean for each
predictor.

Figure 8. Pearson correlation matrix for all 13 participant-level predictors from the main analysis. Colours indicate the strength of the
correlation (Pearson’s r) with shades of blue indicating negative and shades of red indicating positive correlations. Predictors in bold
made it into the final model.
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typical three (see Methods) compromised the reliability of
this measure, contributing to these unexpected results.

Next to frequency of use and fluency, participants
with more Spanish experience before the study
abroad forgot less than participants with less prior
Spanish experience.3 Conversely, participants who
performed better on the vocabulary test at T2, and
who thus reached a higher Spanish proficiency level
by the end of the study abroad, forgot more than par-
ticipants with a lower recall score at T2. Finally, partici-
pants’ own judgment of attrition severity was also
predictive of observed forgetting rates: people who
thought their Spanish got worse were the ones who
indeed forgot the most (Figure 9). None of the other
participant-level predictors significantly modulated
forgetting.

On the item level, we observed a main effect of word
frequency, such that successful recall in the Spanish voca-
bulary test, regardless of when it was administered (T2 vs.
T3), was more likely for higher frequency items compared
to lower frequency items. The interaction term between
frequency and Session did not reach significance, but
there was a numerical trend for high frequency items
to be forgotten less often than low frequency items
(p = .060). Cognate status, in turn, significantly predicted

forgetting, such that forgetting was more pronounced for
non-cognates compared to cognates (see Figure 10).

Does studying abroad have long term (linguistic)
benefits?
From the previous model, we learned that returning to
one’s home country resulted in attrition of foreign
language vocabulary for the majority of people. A ques-
tion that arises then is whether a study abroad has any
long-term linguistic benefits at all, or whether vocabu-
lary knowledge decreases to pre-study-abroad profi-
ciency levels soon after leaving the foreign country. To
answer this question, we ran another mixed effect logis-
tic regression with the same random effects structure as
the above models with data from all three time points
(T1, T2 and T3) and with Session as the only fixed
effect (dummy coded with T1 as reference level). The
model outcome shows that the study abroad indeed
had long-term benefits for our participants: participants
learned while abroad (T2 performance exceeds T1 per-
formance: β = 1.40, z = 90.66, p≤ .001) and forgot after
moving back to Germany (see Figure 3). However,
since their T2–T3 forgetting rates are smaller than their
T1–T2 learning rates, performance at T3 was still signifi-
cantly better than performance at T1 (β = 1.042, z =
68.95, p≤ .001).

Table 5. Logistic mixed effect model output for main analysis.
Fixed effects

Estimate SE z p(χ2)

Intercept 1.95 0.17 11.71 <.001
Session −0.32 0.02 −15.79 <.001

Participant-level predictors
Spanish frequency of use 0.10 0.03 3.08 .002
Amount of experience with Spanish 0.04 0.03 1.42 .156
Attrition self-judgment 0.05 0.03 1.64 .101
English category fluency −0.02 0.03 −0.73 .467
English letter fluency 0.01 0.03 0.49 .623
German letter fluency −0.02 0.03 −0.78 .434
Instrumental motivation −0.01 0.03 −0.20 .842
T2 performance 1.34 0.03 45.93 <.001
Session * Spanish frequency of use 0.21 0.02 10.08 <.001
Session * Amount of Spanish experience 0.07 0.02 3.89 <.001
Session * Attrition self-judgment 0.08 0.02 4.50 <.001
Session * English category fluency 0.00 0.02 0.27 .789
Session * English letter fluency 0.07 0.02 4.74 <.001
Session * German letter fluency −0.05 0.02 −2.93 .003
Session * Instrumental motivation −0.01 0.02 −0.46 .643
Session * T2 performance −0.05 0.02 −2.63 .009

Item-level predictors
Word frequency 1.03 0.16 6.63 < .001
Cognate 2.19 0.33 6.63 < .001
Session * Word frequency −0.03 0.02 −1.88 .060
Session * Cognate 0.12 0.04 3.04 .003

Random effects
Item Intercept 3.27 1.81
Subject Intercept 0.05 0.22

Notes: Significant effects are marked in bold. SE = standard error; SD = standard deviation; p(χ2) = Chi-square p-value; Var = variance.
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Testing the regression hypothesis
A long-standing debate in the attrition literature con-
cerns whether forgetting mirrors acquisition, and
hence whether what has been learned last is forgotten
first. For our study, the Regression Hypothesis, as the
former claim is also called, would predict that words
learned between T1 and T2 (i.e. words not known at
T1, but known at T2) have a higher probability of
being forgotten at T3 than words learned before T1
(i.e. words known at both T1 and T2). To test this, we
analyzed the data for words that were known at T2.
For those words, we asked whether T3 Spanish per-
formance was predicted by T1 performance. In model-
ling terms, this corresponds to running a mixed effect
logistic regression on T3 Spanish performance with T1
performance as fixed effect (effects coded: −0.5, 0.5).
This analysis showed that Spanish words unknown at
T1 but known at T2 (learned while abroad) indeed
had a higher probability of being forgotten than
words that were already known at T1 (β =−1.18, z =
−30.99, p ≤ .001; mean accuracy at T3 for words

Figure 9. Participant-level predictor plots. The y-axis plots the average difference in error rates from T2 to T3 for each participant on a
log odds scale, such that a positive difference reflects forgetting from T2 to T3, while a negative difference reflects learning from T2 to
T3. The x-axes plot the respective participant-level predictors. Lines reflect the best-fit linear relationship between each predictor in
the GLMs above, plotted as difference scores. Points (at bottom) represent scores on the predictor for individual participants.

Figure 10. Violin plot of forgetting rates (T3 error % – T2 error
%) for cognates and non-cognates separately, averaged over
participants. Grey dots reflect items, red dots reflect the mean
forgetting rate for cognates and non-cognates, respectively.
Error bars reflect the standard error around the mean.
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known at T1: 94%, SD = 5%; mean accuracy at T3 for
words unknown at T1: 73%, SD = 15%).

Does the type of Spanish input matter for retention
rates?
Finally, we asked whether the type of input matters for
retention. Regardless of the time someone spends
speaking Spanish, does someone who receives almost
exclusively native input forget less than someone who
receives more non-native, and hence potentially faulty
Spanish input? This information was obtained for a
subset of 47 participants out of the 97 participants, as
explained above. We ran the same mixed-effect logistic
regression model as in the main analysis on this subset
with the average amount of native input at T2 and T3
in interaction with Session. The model outcome
suggests that the amount of native input someone
receives (regardless of the total amount of Spanish
input) does predict forgetting rates: participants who
received little to no native input forgot more than
people who got a lot of native input, with the latter
group showing evidence of learning rather than forget-
ting (β = 0.06, z = 2.92, p = .004). This result still obtains in
a model including the seven significant predictors from
the full model in the main analysis above. In this model,
shown in Table 6, input type still explained a significant
amount of the variance in forgetting rates. Moreover,
except for cognate status and amount of experience
with Spanish (prior to T1), all previously significant

predictors were still equally predictive of forgetting in
this subset.

Discussion

The present study aimed at unravelling the driving
forces behind foreign language attrition “in the wild”.
How come we forget foreign language vocabulary, and
what determines how fast and severe this lexical forget-
ting is? Based on recent lab experiments on FL attrition
(e.g. Mickan et al., 2020), we hypothesised that language
use would play a major role in determining the rate of
attrition. More specifically, we assumed that continued
target language use would positively impact FL reten-
tion, and conversely, that use of other languages
would negatively influence FL proficiency. We also
asked whether it matters which other language an attri-
ter used the most (i.e. L1 vs. L2), and whether we can
observe a trade-off in accessibility between those
languages and the target foreign language.

In a large-scale longitudinal project, we followed a
group of German learners of Spanish, who studied
abroad in Spain for one semester. We evaluated their
Spanish proficiency with a picture-naming vocabulary
test at the beginning of the study abroad (T1), at the
end of it (T2) and roughly six months post return to
Germany (T3). Participants also completed fluency
tests in German and English at each time point, as
well as a questionnaire, asking, among other things,
for current frequency of use indications and their

Table 6. Logistic mixed effect model output for analysis including amount of native input as predictor, run on subset of participants
(N = 47).
Fixed effects Estimate SE z p(χ2)

Intercept 2.21 0.18 12.17 <.001
Session −0.21 0.02 −9.04 <.001

Participant-level predictors
Spanish frequency of use 0.10 0.04 2.49 .013
Amount of native input 0.03 0.04 0.88 .380
Attrition self-judgment 0.03 0.04 0.67 .504
English letter fluency 0.00 0.04 0.07 .943
German letter fluency −0.04 0.04 −0.90 .371
Amount of Spanish experience −0.01 0.04 −0.27 .788
T2 performance 1.07 0.04 27.00 <.001
Session * Spanish frequency of use 0.21 0.03 7.09 <.001
Session * Amount of native input 0.08 0.03 3.38 .001
Session * Attrition self-judgment 0.08 0.03 3.02 .003
Session * English letter fluency 0.06 0.02 2.54 .011
Session * German letter fluency −0.06 0.03 −2.32 .021
Session * Amount of Spanish experience 0.03 0.03 1.09 .274
Session * T2 performance −0.09 0.03 −3.50 .001

Item-level predictors
Cognate status 1.00 0.18 5.43 <.001
Session * Cognate status 0.05 0.03 1.77 .077

Random effects Groups Var SD
Item Intercept 4.57 2.14
Subject Intercept 0.05 0.21

Notes: Significant effects are marked in bold. SE = standard error; SD = standard deviation; p(χ2) = Chi-square p-value; Var = variance.
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motivation to learn Spanish. With a logistic regression
model, we then investigated which factors best pre-
dicted changes in Spanish vocabulary knowledge
from T2 to T3. The longitudinal design made it possible
to obtain fine-grained, participant-specific lexical attri-
tion rates and hence enabled a much more precise
analysis of the determinants of individual differences
in FL lexical forgetting than would be possible with a
cross-sectional study design.

Overall, we indeed observed forgetting after the first
six months back in Germany: participants performed
worse on the Spanish vocabulary test at T3 than at T2.
Forgetting rates also varied considerably between indi-
viduals, with frequency of Spanish use between T2 and
T3, quality of Spanish input (native vs. non-native),
changes in German and English fluency, Spanish knowl-
edge at the end of the study abroad, and years of
Spanish experience prior to the study abroad predicting
Spanish attrition rates.

The role of language use in foreign language
attrition

Despite the undisputed role of language use in theories
of language attrition (e.g. Köpke, 2002; Paradis, 2004),
we are among the first to establish a clear relationship
between target foreign language use and maintenance
of FL skills in real attriters. Previous studies with real attri-
ters have paradoxically often failed to observe a consist-
ent relationship between the two (e.g. Bahrick, 1984a,
1984b; Mehotcheva, 2010; but see Huensch et al., 2019,
and case studies by Ecke & Hall, 2013; and De Bot &
Lowie, 2010, for demonstrations of a strong role for the
use of an attriting FL in its accessibility). As we discussed
in the Introduction, this failure may stem from the way in
which language use was measured in those experiments.
Given that many studies are cross-sectional rather than
longitudinal in design, participants are often asked to esti-
mate frequency of use once and in retrospect. In the
current study, we averaged overmultiplemeasures of fre-
quency of use, taken once every month during the attri-
tion period, asking for current rather than retrospective
judgments. Moreover, instead of asking for ratings on a
scale or for indications in hours and minutes, we chose
a, possibly more straightforward and natural, percentage
measure. We believe that these aspects combined
resulted in a more accurate description of (average)
Spanish frequency of use over the attrition period and
hence are at least part of the reason why we were able
to observe a clear-cut relationship between Spanish fre-
quency of use and Spanish retention. We encourage
future research to adopt similarly frequent, percentage-
based frequency of use questionnaires.

Admittedly, by using percentages, we ignore infor-
mation about the total amount of time that someone
spends engaging with a language. One might argue
that equating people who speak a lot with people
who have few social contacts is problematic. For our
specific population, this turned out not to be of any
concern. Additional frequency of use indications in
hours (at T2 and T3 only, separately for a number of
different contexts, see Supplementary Materials, S4, for
a list of questions) showed that our participants did
not differ much in the amount of time they spent
doing particular activities (all SDs <1.6 h). We think this
is likely to be true for a lot of foreign language attriter
populations, especially when the population is hom-
ogenous in terms of age, socio-economic status and cul-
tural background, such as the population we recruited.
Our study thus showed that among attriters comparable
in terms of total absolute amount of language use,
differences in the relative amount of use of different
languages are a reliable predictor of forgetting rates.

Next to quantity of Spanish input, we also found that
the quality of the input matters: participants who,
regardless of the total amount of time they spent speak-
ing Spanish, received mostly native input forgot less
than participants who received less native and hence
potentially faultier and less reliable input. In a model
with both quantity and quality of exposure (as well as
all other predictors), both factors appeared to be
equally important. We are not aware of any other
study that has explicitly tested whether the amount of
native as compared to non-native input matters for
foreign language retention. Nevertheless, the finding
that the quality of the foreign language input matters
resonates well with previous calls to account for the
context of language use in studies on (both foreign
and first) language attrition (Schmid, 2007, 2019).

Because the amount of Spanish language use is inver-
sely related to the amount of use of all other languages
combined (especially when using percentage measures),
a positive relationship between Spanish retention and
use entails a negative relationship between Spanish
retention and the use of other languages. In that
respect, our findings are in line with lab studies that
report that speaking languages other than the target
FL language hampers subsequent access to the FL (e.g.
Levy et al., 2007; Mickan et al., 2020). It should be
noted though that these lab studies’ findings are not
fully comparable to our results. In the lab, unlike in
real life, researchers can keep target language use con-
stant while manipulating non-target language use and
can hence isolate the role of speaking other languages
on target FL attrition (see Mickan et al., 2020). While
doing this is impossible in real life, we still asked
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whether it made a difference which language our partici-
pants spoke most during the time they did not speak
Spanish. Mickan et al.’s (2020) lab study, and some
more applied studies reviewed by Ecke (2015), suggest
that other foreign languages interfere more with a
foreign language than the mother tongue (the “L2
status effect”; Williams & Hammarberg, 1998).
However, the English (L2) to German (L1) ratio variable
that we introduced to answer this question did not
reliably modulate forgetting rates, even in a separate
model alone. While this means that we failed to replicate
the lab findings from Mickan et al. (2020), we note that
all of our participants used far more German than
English (values are all below one and close to zero).
Because there were no participants in our sample who
used more English than German, we likely did not
have enough variability to detect the effect that
Mickan et al. (2020) observed in the lab. In real life, it
might be difficult to find participants that use more
English than German while living in Germany. An inter-
esting alternative for future research might be to
follow Germans who move to a country where they
are immersed in English after a study abroad in
Spain and see whether they suffer more from Spanish
attrition than those that return to their L1 environment.
For now, we can only conclude that for people who use
their L1 a lot more than their L2, it does not matter how
much more they use the L1, as L3 attrition rates were
comparable regardless of the ratio of English to
German use.

Finally, we also took fluency measures in English and
German, hypothesising that relative fluency increases in
both languages would predict proficiency decreases in
Spanish. We found partial evidence for such a trade-
off: participants whose German letter fluency scores
increased the most relative to other participants, and
hence participants who maintained their Germany
fluency best (or in fact improved), were indeed more
likely to forget Spanish vocabulary than those whose
German letter fluency scores did not increase. Conver-
sely though, and unexpectedly, relative increases in
English letter fluency predicted increases, rather than
decreases, in Spanish proficiency. From our data it thus
appears that the two foreign languages, English and
Spanish, co-develop and possibly even facilitate each
other. Only the native language German shows the
trade-off that we had expected based on previous lab
research on interference-induced forgetting (e.g. Bailey
& Newman, 2018; Mickan et al., 2020). While this is puz-
zling and appears to contradict Mickan et al. (2020), we
note that our fluency scores may not capture the desired
construct. Our trade-off hypothesis was based on the
premise that fluency scores can be used as a proxy for

verbal ability in German and English, meaning that
they should correlate positively with frequency of use
in German and English respectively. However, the
change in letter fluency from T2 to T3 in German and
English did not correlate with average frequency of
use between T2 and T3 in German (r = .03) and English
(r = .22), nor did the change in English letter fluency cor-
relate with our participants’ perceived change in English
proficiency, as assessed via self-ratings (r = .1). The same
is true for the category fluency scores (all r’s < .26). The
fluency scores thus do not appear to reflect what we
hoped they would. Besides the already mentioned limit-
ation that our one-time measurement of letter fluency
per session (and language) may have been insufficiently
reliable, this means that another possible explanation is
that a large part of the variance in fluency scores could
be caused by other factors, including executive control
ability (as suggested by Luo et al., 2010; Shao et al.,
2014) or the higher similarity of English and Spanish
than German and Spanish.4 What is more, in the litera-
ture, category fluency scores have been much more
reliably linked to verbal ability and vocabulary size
than letter fluency scores (Shao et al., 2014).Thus, it is
interesting that out of the two types of fluency scores,
letter and not category fluency predicted changes in
Spanish proficiency. All things considered, the fluency
data should be taken with a grain of salt.

For future studies, a test of English and German profi-
ciency (rather than a test of verbal ability) could make for
a more straightforward test of the trade-off hypothesis.
Should changes in L3 proficiency indeed correlate posi-
tively with changes in L2 and negatively with changes in
L1 proficiency, it would mean that interference between
two foreign languages is much less prevalent in real life
(and when measured purely in naming accuracy) than
the lab studies suggest, and that counter to what
Mickan et al. (2020) concluded, L1 is the stronger inter-
ferer. To get a preliminary sense of whether our
pattern was reliable or not, we ran a statistical model
with the difference in English proficiency self-ratings
(T3–T2) instead of English (letter and category) fluency
performance. Here, we found a negative relationship
between changes in (perceived) English and (observed)
Spanish proficiency: in a model with only the change
in English proficiency self-ratings and Session as predic-
tors, participants whose English improved according to
their own self-judgments forgot more Spanish than
people whose English got worse (ß =−0.04, z =−2.24,
p = .025). This effect is in line with the trade-off hypoth-
esis. The change in perceived English proficiency,
however, no longer significantly predicted forgetting
rates when included in the full model with all other pre-
dictors (excluding fluency scores, ß =−0.01, z =−0.41,
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p = .683), and note that we have no parallel measure-
ments of self-reported German proficiency. Though not
conclusive, these follow-up analyses cast further doubt
on the fluency findings and the suitability of fluency
tasks to approximate proficiency / verbal ability in a
given language.

FL vocabulary knowledge prior to attrition onset
(T2)

Participants who performed better in the vocabulary test
at the end of their study abroad (T2) were more likely to
forget phonemes from T2 to T3 than participants with
poorer T2 performance. This finding appears to contra-
dict earlier research which has shown that a higher
level of FL proficiency prior to attrition onset is beneficial
for foreign language maintenance (e.g. Bahrick, 1984a,
1984b; Mehotcheva, 2010; Murtagh, 2003; Weltens,
1988), or has no effect on maintenance (Engstler, 2012)
. A closer look at those studies, however, reveals that
most of them are cross-sectional studies that lack partici-
pant-specific baselines. Some of them, in fact, do not
assess the effect that prior foreign language proficiency
has on forgetting rates, but rather just the effect it has on
performance at a single measurement of attrition (i.e.
performance at T3 alone rather than the change in per-
formance from T2 to T3; e.g. Mehotcheva, 2010;
Murtagh, 2003). That higher initial proficiency predicts
better performance at a later testing point is not that
surprising and is also the case in our data (see Sup-
plementary Materials, S11, lower middle panel; the
pink line has a generally positive slope), but this does
not say anything about the amount of forgetting (i.e.
change in knowledge) since the start of the attrition
period.

Another difference between our study and previous
research is how we defined “initial proficiency”. Most
previous studies used proficiency self-ratings (Engstler,
2012; Mehotcheva, 2010; Murtagh, 2003), the number
and level of courses taken in the FL prior to attrition
onset, and past course grades (or a combination
thereof; Bahrick, 1984a, 1984b; Weltens, 1988) as esti-
mates of initial proficiency. Our T2 performance
measure is a much more specific and objective
measure of past FL vocabulary knowledge and given
that it reflects prior performance on the same task, it is
directly comparable to our attrition (T3) measurement.
To the best of our knowledge, we are the first to show
specifically that pre-attrition vocabulary size influences
lexical forgetting rates.

Nevertheless, it might seem puzzling that we observe
a negative effect of T2 performance on subsequent
Spanish vocabulary retention rates. That someone who

knew more words is more likely to forget parts (i.e. pho-
nemes) of those words over time, however, might just be
a reflection of the fact that they had more to lose in the
first place. One might wonder then whether participants
who knewmore at T2 forgot more only in absolute terms
(the number of forgotten phonemes, as our model
suggests), or also in relative terms (the percentage of for-
gotten words out of all words known at T2 baseline);
more absolute forgetting could be less relative forget-
ting if sufficiently many words were known at the base-
line. To answer this specific question, we ran a linear
model on participants’ relative forgetting rates
((T3–T2)/T2)) with all the participant-level predictors
from the main mixed model (excluding item-level pre-
dictors and random effects per participant or item,
which are not possible in this simplified model).5 Par-
tially in line with what Bahrick (1984a, 1984b) and
Weltens (1988) reported,6 this model revealed that par-
ticipants with high T2 scores forgot less in relative
terms compared to people with lower T2 scores. In
summary, we thus find that high T2 performers forget
more words/phonemes in absolute terms, yet fewer
words/phonemes in relative terms (i.e. a smaller percen-
tage of their original knowledge) than low T2 perfor-
mers, which means that the retention rate of the
former group was ultimately better.

Amount of experience with the foreign language

The amount of experience with Spanish prior to the
study abroad also predicted forgetting rates in the
main analysis. In line with previous research, participants
with more years of Spanish experience were less likely to
forget. In the Introduction, we discussed how including
the amount of FL experience might appear highly corre-
lated with T2 performance and thus redundant. The two
variables, however, correlated with one another only
moderately in our sample (r = .21), and consequently
predicted different aspects of the variance in forgetting
rates. As already mentioned, it is very possible that some
participants are faster learners than others and hence
reach the same level of proficiency in less time. What
is more, the number of years of exposure is not necess-
arily indicative of the quality or even quantity of
exposure to the language in those years. Interestingly,
in an additional analysis with the amount of native
language input during the attrition period as additional
predictor, the amount of experience with Spanish prior
to the study abroad was no longer predictive of forget-
ting, while T2 proficiency and frequency of use of
Spanish during the attrition period continued to
explain a large part of the variance. This pattern
suggests, quite intuitively, that amount and quality of
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recent language use are more important for successful
retention than total amount of time spent learning a
foreign language. This pattern emerged from a model
with only 47 out of the total 97 participants though for
whom these quality of input data were available, and
hence needs replication before firm conclusions can be
drawn.

Finally, it should be noted that unlike Mehotcheva
(2010), length of the study abroad was not a significant
predictor of forgetting rates and thus did not enter the
final model. Study abroad length was significantly
worse at explaining forgetting rates than prior amount
of experience with Spanish. This is not surprising given
that there was little variability in the length of the
study abroad between our participants, compared to
quite large variability regarding the length of prior
experience with Spanish.

Motivation

Based on Gardner’s Attitude and Motivation test battery,
we asked participants about their integrative motivation
(i.e. intrinsic desire to learn Spanish for social reasons), as
well as their instrumental motivation (i.e. desire to learn
Spanish for practical reasons) and their anxiety to speak
Spanish. In separate models, all three motivational vari-
ables significantly modulated forgetting, such that
higher integrative and instrumental motivation and
lower anxiety to speak Spanish were beneficial for
Spanish retention. Out of those three scores, only instru-
mental motivation entered the final model. Including all
three scores was not possible with the current sample
size, and instrumental motivation scores predicted for-
getting rates slightly better than the other two in
those separate models.

Though highly predictive of forgetting rates when
included in a model on its own, instrumental motivation
no longer predicted forgetting rates once frequency of
use and other factors were also accounted for. The
most likely reason for this is the relatively high corre-
lation between Spanish frequency of use and instrumen-
tal motivation (r = .49): participants who were highly
motivated to learn and maintain Spanish likely sought
out more opportunities to speak it. By virtue of being
correlated, the two variables explain partially the same
variance; frequency of use, however, appears to do so
better. This pattern demonstrates once again that all
variables need to be considered together in one parsi-
monious model in order not to overestimate the contri-
bution of single predictors. That we do not observe a
beneficial effect of motivation in our main model is in
line with previous failures to establish such a link

consistently (e.g. Mehotcheva, 2010; Xu, 2010; though
see Wang, 2010).

Non-verbal memory capacity

Non-verbal long-term memory capacity did not predict
forgetting of Spanish vocabulary, either in the full
model or in a separate model by itself. To our knowl-
edge, we are the first to assess the relationship
between non-verbal and verbal long-term memory in a
population of foreign language attriters. Our results
may be taken to suggest that the two do not interact
and that ability in one domain does not predict ability
in the other. However, this conclusion is premature.
That the memories that are encoded in the Doors test
are episodic rather than semantic in nature (like
foreign language vocabulary after consolidation) and
the fact that the test ended in a receptive rather than
a productive recall test might explain why the Doors
test had such poor explanatory power in the model on
productive Spanish vocabulary forgetting. Future
studies might want to consider a test of productive
non-verbal memory instead, which within the scope of
this online experiment, however, was unfortunately
not possible to implement. Another possibility is that
participants did not pay enough attention during the
encoding phase and that their performance on the
Doors test thus does not reflect their true non-verbal
long-term memory capacity. Even though participants
performed above the chance level of 25% on average,
performance overall was still rather low (M = 50%). The
online set-up and the fact that the encoding phase did
not require responses from participants and was auto-
matically paced possibly encouraged participants to
take the test less seriously. Future research should
improve upon those aspects. Either way, a more com-
plete assessment of non-verbal long-term memory
capacity is necessary before drawing firm conclusions
on its relation to verbal memory capacity.

Attrition self-judgments

Participants who thought their Spanish decreased
indeed actually forgot more than participants who
thought their Spanish had not changed (or had even
improved). Participants who thought they improved,
however, on average still performed worse on the
Spanish vocabulary test at T3 than T2, suggesting that,
unlike in other studies before (e.g. Weltens, 1988), our
participants underestimated, rather than overestimated,
their attrition. This underestimation might be related to
the fact that participants were asked to judge their profi-
ciency overall, rather than their vocabulary knowledge
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specifically. Given that some of the words we asked for in
the vocabulary test were low-frequency words and given
that the attrition self-judgment was provided prior to
the vocabulary test, our participants might not have
been aware of their vocabulary gaps and hence rated
their overall proficiency decline as less severe than the
vocabulary test suggests.

Item level predictors: cognate status and word
frequency

Finally, on the item level, we partially confirmed Weltens’
conclusion (1988): in themain statisticalmodelwith all par-
ticipants and predictors included, cognates were retained
better than non-cognates. For word frequency, we also
only found partial evidence for an effect on forgetting
rates: in a separate model with only Spanish word fre-
quency, low frequency words were more likely to be for-
gotten than high frequency words. This effect, however,
was no longer statistically robust in the final model with
all other predictors combined. Unlike Mehotcheva’s
(2010) results, our study thus suggests thatword frequency
plays only a minor role in vocabulary retention.

Does forgetting follow the reverse order of
acquisition?

Next to investigating individual differences in foreign
language attrition, we also asked whether we could find
evidence for the regression hypothesis (RH) which, in its
original formulation, states that forgetting follows the
reverse order of acquisition (Jakobson, 1941) and hence
that recently learned words are forgotten faster than
words learned long ago. The longitudinal design of our
study and the fact that we have a pre-study abroad base-
line in addition to the pre-attrition baseline provided a
unique opportunity to test this. Specifically, we asked
whether words participants learned during their study
abroad (known at T2 but not T1) were more likely to be
forgotten than words they already knew before the
study abroad (known at both T1 and T2). Our data
indeed suggest that this is the case, providing robust evi-
dence for regression in foreign language lexical attrition.

Some researchers have proposed that it is not the
information learned last, but rather the information
learned least well that is forgotten first (Hedgcock,
1991). In the current dataset, we have no measure of
“how well” words were learned, and hence no way of
testing this hypothesis. Future research might want to
take a look at reaction times in picture naming as an esti-
mate of how well the words were known at T2. If quality
of learning matters more, naming latencies at T2 should

be a better predictor of T3 performance than order of
acquisition.

A final note on overall attrition rates and study
design

Regardless of the individual differences discussed so far, it
is worth noting that observing significant attrition effects
after just sixmonths is quite remarkable, especially in light
of the fact that some previous studies failed to observe
any attrition after much longer periods of disuse (e.g.
Engstler, 2012; Murtagh, 2003; Weltens, 1988). That we
do observe forgetting in this rather short attrition
period is probably in part due to the fact that we tested
productive vocabulary recall, rather than receptive FL
skills, as was the case in Weltens (1988). Much to the reas-
surance of all language learners out there, forgetting after
the study abroad was overall still rather small (4% on
average) and much less pronounced than learning
during the study abroad (17%), meaning that the study
abroad did ultimately result in long-term linguistic gains
despite ensuing attrition.

Long-term in this case, of course, refers to only six
months. We know from Bahrick’s (1984a, 1984b) research
that FL language skills decline steadily for the first three to
six years, suggesting that the 4% loss that we observed on
average after six months may represent just the begin-
ning of the attrition process, and that we would have
likely observed much larger forgetting rates had we
tested our participants a few years after the study
abroad. From the range of forgetting scores that we
observed (−12% to 21%), it also becomes clear that not
everyone forgot: some in fact continued learning (16
out of 97 participants). Participants who still used
Spanish regularly, with friends in Spain or at university
as part of their studies, were more likely to improve
from T2 to T3 rather than to attrite. What we call the
attrition period throughout this paper is hence only an
attrition period in the aggregate. What is more, some of
our participants, and in particular those that were
tested later and hence had a somewhat longer time
between T2 and T3, returned to Spain for their summer
vacation. The longer the T2–T3 interval in our study, the
higher the chance for re-exposure to Spanish, which is
opposite to what attrition length usually should denote.
We therefore refrained from including this variable in
our statistical analyses. Amount of exposure to Spanish
was already (and much better so) captured by our
regular frequency of use questionnaires.

As a final note, we would like to highlight the online
set-up of this study. When testing participants in
person, following a large enough group of attriters
over a long period of time is very time-consuming.
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Online testing offers a convenient way out. Participant
drop-out rates will still be high, but the automaticity of
online testing and the fact that one is no longer con-
strained to one geographical location makes recruit-
ment much easier and facilitates the collection of
much bigger samples than possible with in-person
testing. Naturally, online testing comes with its own
set of drawbacks (e.g. technical difficulties, constraints
on the types of tasks that can be administered and lack
of control over how seriously participants take the
tasks), but overall, we believe that the benefits of
online testing – specifically the opportunity to do
truly large scale longitudinal studies on FL attrition –
clearly outweigh its costs.

Conclusion

The present study investigated individual differences in
foreign language attrition as it unfolds within the first
months after an immersive study abroad. We followed
German university students throughout their study
abroad in Spain, as well as throughout their first
roughly six months back in Germany. In line with expec-
tations, yet counter to most previous research on
foreign language attrition “in the wild”, variation in for-
getting rates, to a large part, turned out to be due to
differences in the quantity and quality of language
use: more frequent Spanish language use during the
attrition period was clearly beneficial for Spanish voca-
bulary retention, and so was native (as compared to
non-native) Spanish input, regardless of the total
amount of input they received. Conversely, and par-
tially in support of recent lab-based studies of FL attri-
tion, increases in L1 German and, unexpectedly,
decreases in L2 English verbal ability appeared to be
detrimental for FL retention, at least in an environment
where L1 use is predominant and where there is little
room for use of other languages. Next to language
use, Spanish vocabulary knowledge prior to attrition
onset affected retention rates: participants who knew
more words on average at T2 forgot absolutely more
words (and/or phonemes in those words), yet in rela-
tive terms they forgot less than participants who
knew fewer words at T2. Motivation to learn the
foreign language and non-verbal memory capacity, in
turn, had no influence on Spanish maintenance.
Overall, the present study thus provides empirical evi-
dence for the importance of continued language use
for FL maintenance in real attriters. Moreover, using a
longitudinal design and state-of-the-art statistical ana-
lyses, we were able to shed light on the complex inter-
play between language use and other determinants of
FL attrition.

Notes

1. The questionnaire used by Mehotcheva (2010) was also
based on the AMTB, yet was missing questions from one
of Gardner’s subscales (anxiety).

2. A closer look at the predictor plot shows that there is an
extreme outlier in the English letter fluency task, which
might be contributing disproportionately to the effect.
Running the model again without this outlier,
however, shows identical results.

3. Amount of experience with Spanish was a significantly
better predictor of forgetting rates than study abroad
length (p < .001).

4. In line with a suggestion from a reviewer, one other
factor that might have been at play here is the higher
lexical similarity between English and Spanish, as also
reflected in the number of cognates (English-Spanish:
41; German-(English-)Spanish: 18). Higher degrees of
cross-lexical similarity may bring about co-development
rather than competitive relationships between words of
different languages.

5. In the linear model on relative forgetting rates, the data is
reduced to just one value per participant and a lot of valu-
able informationgets lost,whichcomesat thecostof accu-
racy and sensitivity in estimating fixed effects. With T2
performance being equal, forgetting absolutely less also
corresponds to forgetting relatively less (a smaller pro-
portion). For the assessment of all predictors other than
T2 performance itself, our main model thus already
implicitly takes initial T2 performance into account.

6. Bahrick (1984a, 1984b) and Weltens (1988) found that
participants with different levels of initial training
forget the same amount in absolute terms, which
however corresponds to less forgetting in relative
terms (a smaller proportion of their original knowledge).
While we also find less forgetting in relative terms, our
results differ from these previous studies in that we
report more forgetting rather than comparable forget-
ting in absolute terms.
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