
i-com 2022; 21(1): 157–174

Research Article

Christina Schneegass*, Sophia Sigethy, Teodora Mitrevska, Malin Eiband, and
Daniel Buschek

UnlockLearning – Investigating the Integration of
Vocabulary Learning Tasks into the Smartphone
Authentication Process
https://doi.org/10.1515/icom-2021-0037

Abstract: Frequent repetition of vocabulary is essential for
effective language learning. To increase exposure to learn-
ing content, this work explores the integration of vocabu-
lary tasks into the smartphone authentication process. We
present the design and initial user experience evaluation
of twelve prototypes, which explored three learning tasks
and four common authentication types. In a three-week
within-subject field study, we compared the most promis-
ing concept as mobile language learning (MLL) applica-
tions to two baselines: We designed a novel (1) Unlock-
App that presents a vocabulary task with each authentica-
tion event, nudging users towards short frequent learning
session. We compare it with a (2) NotificationApp that dis-
plays vocabulary tasks in a push notification in the status
bar, which is always visible but learning needs to be user-
initiated, and a (3) StandardApp that requires users to start
in-app learning actively. Our study is the first to directly
compare these embedding concepts forMLL, showing that
integrating vocabulary learning into everyday smartphone
interactions via UnlockApp and NotificationApp increases
the number of answers. However, users show individual
subjective preferences. Based on our results, we discuss
the trade-off between higher content exposure and distur-
bance, and the related challenges andopportunities of em-
bedding learning seamlessly into everydaymobile interac-
tions.
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1 Introduction
Language learning is a long-term task that requires users
to engage with the learning content on a regular basis. Re-
peating content frequently can consolidate the memory of
it and thereby counteract forgetting [40]. Prior research
has explored a variety of options for technology to support
this process. The concept of micro-learning utilises the
presentation of small chunks of information, i. e. micro-
content units, through micro-interactions and has proven
its potential for effective vocabulary acquisition and re-
call [7]. The sheer ubiquity of mobile devices makes them
already a feasible tool for the presentation of learning con-
tent. We interact with our smartphones on a regular basis,
frequently over the course of the day [17, 21].

Besides commonly available learning applications, re-
search has evaluated concepts that give learning tasks
more visibility during everyday smartphone interactions,
such as presenting content as interactive push notifica-
tions [15] or as lockscreen wallpapers [13]. These concepts
aim to increase users’ exposure to the learning content by
maximising the visibility of the tasks [13] or by exploiting
idle moments such as waiting situations [10, 15]. We pro-
pose to embed the learning action even further into the
smartphone interaction by combining it with the authen-
tication process – a taskwe perform numerous times a day
without any further use [20, 29].

In this paper, we evaluated the user experience of
twelve prototypes exploring all combinations of three
learning tasks with four interaction input types that are
commonly applied for smartphone authentication. Based
on the users’ feedback and implementation feasibility, we
selected the most promising prototype for further evalu-
ation. By reporting and discussing this in-depth study of
concepts, this article is an extended version of Schnee-
gass, Sigethy, Eiband & Buschek (2021) [42].
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We conducted a three-week within-subject field study
to compare users’ interactions and exposure to learning
content using our new authentication learning app with
two concept based on prior work. The three conditions dif-
fer in their level of embeddedness into the smartphone in-
teraction and are described as follows:
1. First, our novel concept called UnlockApp extends the

concept of Dearman and Truong’s [13] learning wall-
paper by connecting a simple multiple-choice vocab-
ulary task that the user can answer by a single button
press with the phone unlock action. Although users
can still dismiss the learning task, this concept is
strongly embedded into the unlock action as the app
initiates the learning task. We aim to nudge users to-
ward more frequent learning by lowering the thresh-
old for users to interact with the content.

2. Second, our notification learning app (Notification-
App) presents a learning task in a continuously shown
notification. The notification increases learning task’s
visibility during interactions with the lockscreen or
status bar but still requires users to actively initiate
learning.

3. Third,we implement a StandardApp, following abase-
line self-contained and self-initiated learning design.

In our in-the-wild evaluation, we investigate how the dif-
ferent degrees of embedding and self-initiated vs app-
initiated exposures impact interactions with the learning
content over the day and how users perceive this form of
learning in their everyday use.

The results show that the UnlockApp and Notification-
App designs, compared to the StandardApp, significantly
increase the number of learning tasks users answer per
day. The UnlockApp, in particular, further distributes the
learning more evenly across the day. Interestingly, we ob-
serve a great variety in participants’ subjective perceptions
of the three concepts. While some people like that the Un-
lockApp nudges them to engage with the vocabulary reg-
ularly, others favored the NotificationApp, arguing that it
is less distracting, especially when unlocking their phone
with a specific goal inmind. In contrast,whenparticipants
had time to spare, they enjoyed long learning streaks with
the StandardApp.

Based on these comparisons, we discuss challenges
and opportunities of embedding learning tasksmore ubiq-
uitously into peoples’ everyday lives. In particular, com-
binations of features from the different concepts and of-
fering further personalisation options can target individ-
ual user preferences and balance the trade-off between
nudging users to learn and disturbing routine smartphone
tasks.

2 Related Work

2.1 Mobile & Micro-Learning

The ubiquity of mobile devices fosters the shift from learn-
ing being a classroom-based activity to an activity that
is embedded into our daily life. By applying the micro-
learning paradigm, learning content is broken down into
small bits of information and presented to learners us-
ing simple interaction concepts [7]. Hereby, the learn-
ing task is spread out over time. Especially for vocabu-
lary acquisition, a higher number of short interactions
should be favored over one long learning streak [12]. By
spacing out the learning content, prior work has demon-
strated that learners could memorise vocabulary con-
tent better than immediate successive presentation [14].
The concept of “spaced-repetition” suggests that repeat-
ing learning content according to a repetitive schedule
helps consolidate the memory of it [1, 43]. This schedule
targets the transient forgetting of information that natu-
rally occurs after a certain amount of time of the infor-
mation is not rehearsed or applied [40]. As MLL apps re-
quire self-directed learning, it needs to be taken into ac-
count that the success of autonomous learning and the
adherence to rehearsal schedules depends on the con-
sideration of various dimensions (i. e. context of learn-
ers, learner interest and motivation, language proficiency,
etc.) [26, 28]. Thus, the overall goal of micro-learning is to
maximise the degree of exposure with the learning con-
tent due to increased presentation and, thus, frequent rep-
etition of content. In particular for the teaching of lan-
guages, the application of the micro-learning approach
has proven to improve vocabulary acquisition and re-
call [10, 16, 45]. Prior work presented different ideas for
realizing micro-learning in mobile learning. For example,
Dearman and Truong (2012) [13] implemented a mobile
language learning application that can display learning
tasks (i. e. vocabulary translations with three multiple-
choice options) on the lockscreen. The authors show that
users frequently interacted with the application and im-
proved their knowledge of the language over the course
of this study. Dingler et al. (2017) [15] achieved similar re-
sults by implementing and evaluating a vocabulary appli-
cation that presents tasks in push-notification. Their app
“QuickLearn” detects opportune moments for the presen-
tation of the learning content, in particular, when users
are bored and use their smartphone without a specific
purpose. Dingler and colleagues concluded that their ap-
plication increased the number of “quick” learning ses-
sions on the go, which was appreciated by their partici-
pants.
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2.2 Smartphone Usage

Users’ interactions with their mobile devices can range
in their level of intensity. Prior work has shown that half
of our interactions with our smartphones take less than
30 seconds, with only one in ten interactions exceeding
four minutes [48]. In particular, many interactions do not
even reach the threshold of fifteen seconds, what Ferreira
et al. (2014) [17] defined as so-called “micro-usage” situa-
tions. For example, users briefly reply to a message, check
their phone for new push notifications, or want to know
the time. For many of those interactions, users do not un-
lock their device [20, 21] or only use one application af-
ter unlocking [29]. However, unlocking the mobile device
is still an action that happens frequently throughout the
day. Mahfouz, Muslukhov and Beznosov (2016) [29] report
that users unlock their phone on average 46 times, while
other studies report an average of between 25 [20] and
47 unlocks [19] per day per participant. As this interac-
tion has no other purpose than the authentication, prior
work suggests combining the authentication event with
a micro-interaction task, in particular, when the slide-to-
unlock authentication is used. Truong, Shihipar and Wig-
dor (2014) [44] emphasised that authentication gestures
serve no purpose other than to unlock the phone and out-
line their potential to serve other tasks such as data col-
lection. Therefore, it has been proposed as a quick and
easy method to enter journaling data [49], nutrition track-
ing [23], or sleep tracking [11].

2.3 Authentication Methods and Their
Prevalence

In general, smartphone authentication mechanisms can
be divided into four categories according to Wang et al.
(2020) [47]:
1. Knowledge-based: Require the user to remember cer-

tain information, either text-based or graphical. Ex-
ample: Passwords, PINs, patterns, or graphical pass-
words

2. Physiological Biometric-based: Makes use of
unique identifying biological traits of users such as
their fingerprint or facial features. This form of au-
thentication can be performed upon explicit prompt
or implicit assessment. Example: Fingerprint, voice,
and face recognition

3. Behavioral Biometric-based: Captures users’
unique behavioral patters or characteristics. Exam-
ple: Gait recognition, tapping behavior, hand gesture

4. Mixed Models / Multi-factor: Combination of two or
more approaches to increase security. Example: Inte-
grating knowledge factors with biometric authentica-
tion

In 2016, Malkin et al. (2017) [30] performed an online sur-
vey with more than 8000 smartphone users about their
unlocking mechanism. While around one third (32.1%) of
the participants stated to use slide-to-unlock, 32.5% used
pattern authentication, 18.7% PIN, and each around 7%
used a password or biometric authentication (e. g. finger-
print). With a decrease in popularity of passwords for mo-
bile authentication due to an increased number of pass-
words one needs to remember and a comparably high ef-
fort and time to input them, visual passwords (i. e. pat-
terns) gainedprevalence in thefirst decade of the 20th cen-
tury [46]. However, these patterns have a more limited di-
versity than passwords and are prone to guessing or ob-
server attacks.With the implementation of fingerprint sen-
sors in smartphones, implicit biometric authentication be-
came popular. Although the prevalence is steadily increas-
ing, common techniques (i. e. pattern, PIN, swipe) are still
in use for many reasons. For example, users want to pro-
tect their privacy by not digitalizing their biometric in-
formation such as fingerprints. Further, implicit authen-
tication can be prone to failure [2, 4, 36], with especially
the fingerprint entry showing an increased number of er-
rors [37]. Reasons for increased error rate can be reduced
sensitivity of a fingerprint sensor due to dirt or water, mak-
ing knowledge-based methods such as PIN, pattern, or
passwords a valid complementary “fallback” method.

For increased security, knowledge-basedmechanisms
can be included in multi-factor authentication schemes.
Thus, evenwith implicit authentication suchasfingerprint
input or FaceUnlock becoming more common, PINs, pass-
words, and swipe-to-unlock do not become obsolete. Find-
ings from studies such as by Qiu et al. (2019) [37] show di-
verse user preferences and authentication behavior, thus,
strengthening the argument that offering multiple differ-
ent unlocking mechanisms for smartphones is necessary.

Therefore, the first part of this chapter will present an
exploration and evaluation of embedding different learn-
ing tasks into a diverse set of smartphone authentication
methods, i. e. PIN, pattern, swipe-to-unlock, or fingerprint
input using fingerprint sensor gestures.

2.4 Summary & Research Gap

In summary, micro-learning applications for vocabulary-
based language learning have proven to increase vocab-
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ulary recall [10, 16, 45] and have shown great potential
for pervasively embedding learning into everyday smart-
phone usage [13, 15]. Yet, it remains unclear how best to
embed the learning task into everydaydeviceuse. Thismo-
tivates our idea and investigation of our new concept of
integrating learning directly into the authentication pro-
cess, by displaying a vocabulary task every time the phone
is unlocked using any form of authentication mechanism.
Furthermore, to the best of our knowledge, no comparative
analysis has been performed yet to investigate potential
differences between the proposed pervasive presentation
of vocabulary and a “standard” in-app learning applica-
tion that requires the user to actively initiate learning. For
example, while Dearman and Truong (2012) [13] showed a
knowledge gain through their wallpaper app, they do not
implement a “standard” app as a control condition.

3 Concept: Integrating Learning
Tasks Into Authentication
Methods

In the following, we outline the learning tasks and the au-
thentication methods we explored in more detail. As this
works’ idea aims for the embedding of learning tasks into
the authentication action – creating one seamless interac-
tion–webreakdownboth the learningandauthentication
actions into their individual interactions (i. e. discrete vs.
continuous input, single vs. multiple inputs).

3.1 Authentication Interaction

We characterised the authentication methods from an in-
teraction perspective. Thus, it was less important what the
user actually inputs (characters, numbers, etc.) but rather
what type of interaction is required.Wedistinguish the fol-
lowing four types of interactions found in common smart-
phone authentication processes:
– Single discrete input, aka. “tap” – An individual tap

that can be used for any button when applied on the
touchscreen, to unlock the phonewhen applied on the
unlock hard key or to use on the fingerprint sensor.

– Multiple discrete inputs, aka. “sequence” – A set of
consecutive taps that can be used to input a PIN or
password on the touchscreen.

– Uni-directional continuous input, aka. “swipe” –
A continuous gesture that can be used as swipe to un-
lock on the touchscreen or as gesture input on the fin-

gerprint sensor (current sensors recognise four swipe
directions)

– Multi-directional continuous input, aka. “pat-
tern” – A continuous gesture that connects swipes
in multiple directions without lifting the finger from
the touchscreen, as it is known from common pattern
authentication formats.

– Implicit input – This format includes all authentica-
tion methods that do not require the user to perform
an action on the smartphone such as FaceUnlock or
voice recognition.

3.2 Learning Task Interaction

We selected three different tasks for the interaction with
the language learning content. All tasks are of simple de-
sign and focus on vocabulary recognition. They require
onlymicro-interactionswith the aim to be feasible for solv-
ing the task on the lockscreen and during the authentica-
tion process. We included the commonly used Multiple-
Choice question format, in which the correct answer is
presented accompanied by a number of incorrect answers
(also called “lures”). The user has to pick the correct an-
swer from the set. While this format can be used to present
multiple correct answers, we decided to implement the
simplest version of only one correct answer so only one
click (single tap) will be needed to solve the task. With
the simple interaction, this task is specifically feasible to
be used for single touch authentication methods such as
swipe-to-unlock or fingerprint authentication (using fin-
gerprint sensor gestures, see details in subsection 3.1).
The number of presented “lure” answers can further be
adapted considering the limited space on the lockscreen
but needs to be chosen carefully as too many answer op-
tions can increase the number of incorrect answers in later
testing situations [6, 8] (i. e. “Negative Suggestion Effect”
(NSE), for summary see [41]). For new learning content,
Roediger and Marsh (2005) [39] recommend to use fewer
alternatives in the beginning. Thus, we will present only
one to two lure options as addition to the correct answer.
Furthermore, at this prototypical stage, it is possible to
present either the native word (L1) and ask the user for the
second-language translation (L2) or present the L2 word
and ask for the L1 translation.

As a second format, we implemented a “CheckWord”
task along the vocabulary test yes/no format, for example,
applied in the Eurocentres Vocabulary Size Test [32, 33].
This task format aims to present a large number of words
while requiringminimal time and effort by the user. In our
examples, the L1 words are presented along the L2 transla-
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Table 1: Overview of all prototypes mapped to the three learning tasks (columns) as well as the four interaction types (rows).

CheckWord Multiple-Choice Sentence-Building

Single Discrete PT1 PT5 (not applicable)
Multi Discrete PT2 PT6 PT11
Uni-directional Continuous PT3 PT7, PT8 (not applicable)
Multi-directional Continuous PT4 PT9 PT10, PT12

tionswhile the user has to state if he/she knew the transla-
tion or not (single tap on a yes or no button). Similar to the
the multiple-choice task, the yes/no answer format can be
implemented also for single interaction authentications.
To control for an overestimation of knowledge caused by
users marking unknown words as known, the later appli-
cation could include phonetically or orthographically sim-
ilar pseudowords. In contrast to the yes/no test by Meara
and Jones (1988) [33], this format (with included trans-
lation) tests not only the recognition of words but also
checks if learners are aware of the word’s meaning.

As a third task, we include a Sentence-Building exer-
cise. Similar to the multiple-choice task design, the user is
presented with a set of words fromwhich they are asked to
select those that make up a semantically and syntactically
correct sentence. Due to the limited space of a lockscreen
during authentication, we chose to present simple sen-
tences with three words that need to be chosen out of a
set of six words (three correct words, three lure answers).
For example, a task could look as follows:

A green lemon.
An yellow tomato.

He drinking water.
They drinks wood.

A sentence-building task can thus combine vocab-
ulary recall with applying the correct grammatical con-
struct. In the first example above, picking the correct ar-
ticle (a/an) and remembering the meaning of the words
green/yellow and lemon/orange. In the second example,
choosing the correct combination of pronoun (he/they)
and verb form (drink/drinking) and remembering the
meaning of the words water and wood.

4 Prototypes
For the generation of our prototypes we combined all
authentication methods described in Section 3.1 with all

learning tasks presented in Section 3.2. This section gives
an overview of the prototypes and presents an evaluation
of users’ experience in interacting with them.

4.1 Mapping of Learning Tasks and
Authentication Methods

In Table 1 we show how our different prototypes address
combinations of learning task and authenticationmethod.
All interaction conceptswere implemented as high-fidelity
interactive prototypes (PT1 to PT12) using the Justinmind1

prototyping tool formobile applications. For example, PT6
is depicted in Mockup 1 (see Figure 1a). The users en-
ter their PIN and tap the screen once more to select one
out of three translations for the L2 word presented be-
low. Prototype PT3 implements Mockup 2 (see Figure 1b)
by combining a check word task with a uni-directional
continuous input, i. e. a swipe gesture starting at the on-
screen fingerprint sensor to either of two buttons to indi-
cate if the translation is known or unknown. This proto-
type is also applicable for other uni-directional continu-
ous input types such as slide-to-unlock. Since sentence-
building inherently requires connecting multiple words,
it is not applicable for single input (discrete or continu-
ous) authentication methods such as swipe-to-unlock. A
sentence can be built with a multi-directional continu-
ous input as visualised in Mockup 3 (PT12) see Figure 1c).
Here, the user enters their predefined authentication pat-
tern and, without lifting the finger, continues the gesture
through connecting the words presented below to form a
sentence.

4.2 Exploratory Evaluation of Prototypes

To investigate users’ preferences for our different proto-
types, we performed a user experience evaluationwith ten
in-depth semi-structured interviews. We showed the par-

1 Justinmind: https://www.justinmind.com/, last accessed Decem-
ber 13th, 2021.

https://www.justinmind.com/
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Figure 1: Three mockups2 to visualise our concept for integrating learning into the authentication process.Mockup 1 outlines a multiple
choice task after PIN entry.Mockup 2 Asks the user to indicate if the word is known (green button with arrow) or unknown (red button with
cross).Mockup 3 shows how sentence-building can be integrated into pattern authentication.

ticipants the interactive prototypes of the 12 concepts on
a smartphone, asked them to interact with them, and col-
lected their feedback. The focus of this user study was to
gain insights into the usability and user experience of the
concepts.

4.2.1 Procedure

At the beginning of each session, we welcomed the par-
ticipants and informed them about the purpose of the
study. After agreeing to the data protection policies along
the GDPR regulations, participants signed a consent form.
A short questionnaire was presented asking for demo-
graphic information such as age, gender, degree of edu-
cation, current occupation, their experience with mobile
learning, their current authentication technique of their
smartphone, and its operating system.

Afterward, we introduced the participants to our pro-
totypes and varied the order of presentation between the
participants. The prototypes were shown on a Sony Xperia

2 Mockups created using Figma (https://www.figma.com/, last
accessed December 13th, 2021) and the Noun Project (https://
thenounproject.com/, last accessed December 13th, 2021).

Z smartphonewith a 5-inch screen through the Justinmind
app. People interacted with one prototype after another.
We asked them to follow the think-aloud protocol, verbal-
izing their thoughts about the interface, interaction, and
usability as well as problems of understanding. If the user
was not able to perform the required interaction, we ex-
plained and/or demonstrated it and the user was asked to
retry the interaction. We explicitly advised all participants
to not input any authentication PIN or Pattern during the
study that is similar to their own.

For each prototype, the interview was guided by the
following user experiencemetrics: Ease of use, Enjoyment,
Interaction Speed, andWillingness to use the prototype as a
learning method in the future. Those facets were posed as
yes/no questions but with the collections of further com-
ments. The participants were furthermore encouraged to
state any concerns regarding the prototype as well as po-
tential improvements that come to their mind. Overall,
the study took around 60 minutes depending on the ex-
tent of comments users had about the prototypes.We tran-
scribed people’s comments and applied a thematic analy-
sis approach for comments and suggestions. This method
is commonly used for identifying, analyzing, and report-
ing themes found within a qualitative set of data such as
interview transcripts [5, 35].

https://www.figma.com/
https://thenounproject.com/
https://thenounproject.com/
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Table 2: Users’ assessment of the prototypes along the dimensions ease of use, enjoyment, interaction speed, and their willingness to use
the prototype in their daily lives. Questions were posed in a yes/no format and the answers in the table are visualised as “+” when 8 or
more users agreed; similarly, a “–” indicates two or less users agreeing.

Task Type Action Prototype Easy to use Enjoyable Fast Would use it

CheckWord

SD PT1 + + + +
MD PT2 + o + +
UdC PT3 + + + +
MdC PT4 + o + o

Multiple-Choice

SD PT5 + o o +
MD PT6 + + + o
UdC PT7 + + o o
MdC PT8/9 + + + +

Sentence
MD PT10 o o o o
UdC PT11 o o – –
MdC PT12 + o – o

4.2.2 Participants

Ten participants took part in our study (2 female, 8 male)
with a mean age of 24.2 (SD = 1.55). From those ten par-
ticipants, nine were currently students and one stated to
be a software engineer. In total, six participants reported
to have obtained a Bachelor’s degree, three a Master’s de-
gree, and one a PhD. Six participants owned an android
phone, three used iOS, and one user used both operat-
ing systems due to owning two devices. The most com-
monly used method of authentication was the fingerprint,
usedby eight participants,whereof three statedhaving im-
plemented a fallback authentication (one stated PIN, one
password, and one Pin and FaceUnlock). One participant
stated to use a pattern to authenticate and the last one
used FaceUnlock. Furthermore, four participants stated to
currently use their mobile device for language learning.

4.2.3 Results

We transcribed the responses of the participants and re-
port on them here, clustered by the three task types
Check Word, Multiple-Choice, and Sentence-Building. The
answers of two participants for one prototype each (P6’s
PT19 and P8’s PT10) had to be excluded due to technical
problems with the audio recording device. We will report
the summative evaluation of the users’ answers to the four
guiding questions on ease of use, interaction speed, en-
joyment, and willingness to use, and report on the open
comments in the style of a thematic analysis [5, 35].

4.2.3.1 CheckWord
The majority of the participants rated all Check Word pro-
totypes as easy to use in their interaction. For PT2 (multi

discrete) and PT4 (multi-directional continuous), one par-
ticipants each stated that the mechanism lacked intuitive-
ness. PT1, PT2, and PT3 were unanimously rated as fast,
while P7 was the only participant rating PT4 as not fast.
In particular, PT4 was not perceived very positively by the
participants. Five out of ten indicated that they would not
be open to using this prototype in their daily lives, arguing
it is “no fun” (P3, repeated by P5). Others would not use it
as they stated to never use Swipe-to-unlock in general due
to low security (P7, P8). In general, participants doubted
the efficiency of the check word task and expected a more
engaging learning task.

4.2.3.2 Multiple Choice
All participants considered PT5, the simple tap on one out
of two answer solutions, very easy to use and very fast. P1
and P9 considered it not very enjoyable, while three par-
ticipants stated to not be willing to use it due to a lack of
security. Compared to the single tap needed for PT5, par-
ticipants perceived PT6withmultiple discrete taps needed
as not fast (P3, P7, P8, P9). P8 attributes the lack of speed
to the PIN authentication method in general. Similarly to
PT5, three participants would not use it due to the authen-
tication method and the “cluttered screen” (P9). Out of the
four multiple-choice prototypes, PT7/8 was best received
by our participants. Nine out of tenmentioned they would
use it and all considered it fast and enjoyable. Two partic-
ipants considered it not intuitive enough and expected a
tap instead of a swipe gesture. Lastly, for PT9, the multi-
directional continuous input, the majority of participants
considered it easy to use (9/10) and would use it in their
daily lives (8/10). However, P8 noted that it felt slow be-
cause one first has to think about the pattern input and
then, while not releasing the finger, decide which answer
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to pick. Similar to the multi-directional continuous input
for the other tasks, the screen was perceived as cluttered.
As suggestion for improvement participants stated to re-
duce the number of answer options from three to two.

4.2.3.3 Sentence-Building
Overall, the sentence-building tasks were perceived as
least intuitive compared to the check word and multiple-
choice tasks. PT11 with its multiple discrete inputs re-
quired was considered time consuming by eight out of
ten participants and also as not enjoyable (4/10). P4 high-
lighted that due to the many actions one has to perform,
“it’s not fun at all, so many steps just to unlock make
this task feel like a chore”. While the continuous multi-
directional input (PT12) was rated to be faster and more
enjoyable, the majority of the participants still indicated
that they are not willing to use it. In particular, P7 men-
tioned that a complicated task like this does not belong on
the lockscreen and that the multiple-choice or check word
tasks were a better fit.

4.3 Limitations

During our study, participants expressed difficulties in
rating the interaction with the embedded authentication
learning task without being biased by the authentication
method used. In general, several participants considered
swipe-to-unlock as insufficiently secure andwouldnot use
this mechanism. We stressed that this technique could be
integrated into fingerprint authentication and should be
rated independently from users’ opinion on the authenti-
cation itself.However,we cannot be certain that our partic-
ipantswere able to avoid suchbias.We further noticed that
the alignment of the learning tasks below the authentica-
tion interface was not optimal. In particular, for continu-
ous input gestures suchas inPT9andPT12, users had to in-
terrupt the continuous gesture to have a look at the options
again. The visibility of the options is ultimately defined by
the end-point of the pattern input – i. e. when the pattern
ends in the lower left corner and the user is right-handed,
the handwill almost completely cover the answer options.

4.4 Summary

We have presented twelve prototypes for combining
three learning tasks (check word, multiple-choice, and
sentence-building) with four common forms of smart-
phone authentication mechanisms (represented through
their required interaction: single discrete input, multi-

ple discrete, single continuous, multi-directional contin-
uous). A first usability evaluation with ten participants
showed that users’ preferences vary greatly. Most proto-
types were reported to be easy to use and fast. While some
participants preferred discrete taps, others especially en-
joyed the single and continuous swipe input schemes.

The main take-away from this evaluation is that users
desire a quick and easy learning interaction. While they
value the idea of combining learning with their authen-
tication, many participants emphasised that the learn-
ing should not impede or obstruct the unlock process. In
particular, the sentence-building tasks were considered
fairly slow and not a good fit for the presentation on the
lockscreen. We thus excluded this type of task for our fur-
ther evaluation. However, participants doubted the effi-
ciency of the check-word tasks. Thus, we will further ex-
plore the multiple-choice task as the most promising con-
cept.

Lastly, we noticed that the speed perception varied
greatly among participants.While some found the interac-
tion slower than necessary for an authentication method,
others perceived the learning task itself as rather quick.
Along the glass half-full vs. glass half-empty situation, we
argue that the perception strongly depends on the users’
perspective on the situation. As the proposed methods
combine authentication and learning, it is clear that the
interaction will take longer than authentication alone.
However, when comparing the combined interaction with
the action of having to open a stand-alone learning app
to learn a vocabulary, it is undeniable that the newly pro-
posed prototypes enable a faster interaction. Thus, our
following evaluations include a standalone app as con-
trol condition for participants to compare the interaction
fairly.

5 Implementation
For our main investigation, we implemented three con-
cepts with varying levels of integration following existing
research ideas presented in Section 2.1, as Android appli-
cations (for Android 6.0 and higher). The UnlockApp (see
Figure 2a) presents vocabulary immediately following the
unlock action. A word is presented in a foreign language
(L2) and the user is asked to choose between two pre-
sented translations in theirmother tongue (L1) by pressing
a button on the screen. We chose to implement a multiple-
choice approach with two answer options as it enables
quick and simple interaction with the content.

We further implemented a push notification learning
app, which presents vocabulary in a pervasively displayed
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Figure 2: The UnlockApp (a) displays a vocabulary task immediately after the user performs the authentication. The NotificationApp (b+c)
presents the learning task in a continuously displayed push notification. This notification is visible on the lockscreen (b) and in the (pulled
down) status bar (c). Via notification action buttons (also displayed on the lockscreen if interactivity is enabled), the user can select one out
of two translations for the respective word. Figure (d) shows the StandardApp, in the state of showing corrective feedback.

notification in the status bar (named NotificationApp, see
Figure 2c, along the concept proposed by Dinger et al.
(2017) [15]) and on the lockscreen (see Figure 2b).

Finally, we implemented a baseline vocabulary app,
similar to the interactions with established apps, which
the user has to actively start and quit (named Standard-
App, see Figure 2d).

Beyond the different presentations, a key conceptual
difference is that theUnlockAppnudges the user to interact
with the content, while the NotificationApp and Standar-
dApp require users to actively initiate the learning them-
selves. However, in contrast to the StandardApp, the No-
tificationApp’s constant visibility acts as a continuous re-
minder for users to engage with the learning content.

5.1 Learning Content

All three apps include vocabulary allowing for learning
Spanish, French, and Swedish with translations into the
native language of our University’s country. The word
list comprised of 446 common nouns (originally from the
British National Corpus,3 last accessed December 13th,
2021) and have been translated to the other languages us-
ing Google Translate while removing inaccurate transla-

3 http://www.natcorp.ox.ac.uk

tions and highly ambiguous words, similar to the proce-
dure of Cai et al. (2014) [10] and Dingler et al. (2017) [15].

In the background, all three applications are con-
nected to a Firebase database, which stores both the learn-
ing content and interaction logging data. In the database,
each user is assigned a unique id to ensure anonymity. All
three applications are described in more detail in the fol-
lowing.

5.2 UnlockApp

To integrate the learning task into the authentication ac-
tion, we display the vocabulary translation interface im-
mediately when the user unlocks the screen (see Fig-
ure 2a). As the current Android versions do not allow a
direct manipulation of the lockscreen, we chose to imple-
ment a context-registered broadcast receiver. This receiver
listens for the unlock event (ACTION_USER_PRESENT in-
dicates that the user is present after the device is woken
up4) while running continuously in the background and
places the app in the foreground when an unlock occurs.
Since it is possible that applications are shut down for
battery optimisation purposes, we further included a fore-

4 Android User Intent: https://developer.android.com/reference/
android/content/Intent, last accessed December 13th, 2021.

http://www.natcorp.ox.ac.uk
https://developer.android.com/reference/android/content/Intent
https://developer.android.com/reference/android/content/Intent
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ground service that allows for automatic restart of the ap-
plication.

When an unlock event occurs, theUnlockApp asks the
user to translate one word from the native language to
one of the three languages of choice – Spanish, French,
or Swedish. To keep the learning task as short as possible,
the interface only presents the translation task, two poten-
tial translation options in the form of buttons. Further, we
include a “skip” option to keep learners from guessing the
answer, as guessing increases the risk of experiencing the
negative testing effect [31] (i. e. remembering the false an-
swer one gave to a multiple-choice question rather than
the correct solution).

After the user selects one of the two translation op-
tions, theUnlockApp displays corrective feedback by high-
lighting the answer option in either red or green. Providing
feedback inmultiple-choice learning tasks is essential and
counteracts the negative testing effect [9]. After a short de-
lay for users to perceive the feedback, the app moves into
the background.

We chose a translucent background to not distract the
user too much from the primary task they were about to
accomplish when unlocking the phone. Prior research by
Hodgetts and Jones (2006) [22] has shown that when the
primary task was still visible during an interruption, par-
ticipants are able to resume the task faster. To ensure con-
sistency, we used the Android material design and color
palettes.

The UnlockApp further allows to use a fingerprint sen-
sor gesture (swiping left or right on the fingerprint sensor)
as input to answer the tasks.Weutilise the FingerprintGes-
ture Controller accessibility service.5 This controller reg-
isters gestures performed on the fingerprint sensor, inde-
pendent from sensor location (depending on the model,
the sensor can be located on the back of the phone, on the
side, or on the front below or on the screen). While prior
work has already shown that fingerprint sensor gestures
can be a feasible tool for quick input such as unlock jour-
naling [18], this feature is not yet supported by many An-
droid devices. Thus, we will not evaluate the usage of it in
this study.

5.3 NotificationApp

In this app, learning content is presented in a continuously
displayed push notification, both in the (pulled down) sta-

5 FingerprintGestureController https://developer.android.com/
reference/android/accessibilityservice/FingerprintGestureController,
last accessed December 13th, 2021.

tus bar of the smartphone (see Figure 2c) but also on the
lockscreen (see Figure 2b). This enables the user to interact
with the content at any point in time and answer as many
tasks as they like to, the continuous notification working
as an active and constant reminder. The notification dis-
plays the task and word to be translated as well as two po-
tential translation options via action buttons.6 Those but-
tons are frequently applied by other applications to allow
immediate interaction with the app sending the notifica-
tion. For example, Gmail7 employs action buttons to en-
able users to delete or reply to emails directly from the no-
tification. We implemented a broadcast receiver to listen
for the input in the notification and check the correctness.
In the same style as the UnlockApp, green and red color-
ing of the two potential translations indicates corrective
feedback. Afterward, the notification is updated and anew
word is shown. Likewise, when the user dismisses a notifi-
cation or restarts the app, it presents a new word. The no-
tification itself cannot be removed by the user but remains
constantly visible in the pulled down status bar.

5.4 StandardApp

In contrast to theUnlockApp andNotificationApp, the Stan-
dardApp does not show any continuous reminder of the
learning task. The users have to actively open the appli-
cation and engage with the learning content. Once the
users open the app, they can complete as many learning
tasks (i. e. request as many translation tasks) as they like.
The appearance of the application’s interface is consistent
with the interface of the UnlockApp: The app shows the
native word, the two translation options in buttons, a dis-
miss button, and corrective feedback for the task (see Fig-
ure 2d). In contrast to the UnlockApp, the background is
fully opaque.

6 Evaluation

Our evaluation follows a within-subject design, where all
participants interact with all three different applications
to allow them to draw comparisons. Each app is used over
the course of one week (seven days) before switching to

6 Android Notification Action Buttons: https://developer.android.
com/training/notify-user/build-notification#Actions, last accessed
December 13th, 2021.
7 Gmail: https://www.google.com/gmail/about/, last accessed De-
cember 13th, 2021.

https://developer.android.com/reference/android/accessibilityservice/FingerprintGestureController
https://developer.android.com/reference/android/accessibilityservice/FingerprintGestureController
https://developer.android.com/training/notify-user/build-notification#Actions
https://developer.android.com/training/notify-user/build-notification#Actions
https://www.google.com/gmail/about/
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the next app. The vocabulary progress is preserved so that
people can continue in the next app where they left off
in the previous one. The order of the apps is counter-
balanced across participants to avoid sequence effects.

In our subsequent analysis, we explore differences in
users’ interaction with the three apps (independent vari-
able), in particular frequency andduration of interactions,
as well as perceived usability and experience (dependent
variables). Based on relatedwork,weparticularly evaluate
differences among the three appswith regard to howmuch
they expose users to the learning content, stating the fol-
lowing main hypothesis:
H1 Embedding vocabulary tasks into everyday smart-

phone interactions as in the UnlockApp and Notifica-
tionApp leads to a higher number of learning tasks
solved by users over the course of the study compared
to the StandardApp.

Furthermore, we gather individual feedback on partici-
pants’ preferences and experiences when learning with
the three applications.

6.1 Procedure

We provided participants with a detailed installation
guide enabling people to download the three applications
from the Google Play Store (setup as a non-public test ver-
sion), after they gave informed consent. The guide also
encouraged them to restart the (current) app in case they
restart their phones or the app is closed for any other rea-
son and does not restart automatically.

At the beginning of the study, people filled in a ques-
tionnaire on demographics and current authentication
method, smartphone usage habits, language proficiency,
and motivation to learn a new language. In this process,
people selected a language to learn with the apps (Span-
ish, French, or Swedish). We informed participants that
the vocabulary taught in the apps is on a beginner’s level
and thus recommended to choose a language they are not
very proficient in.

During the study, we logged data on the users’ inter-
action with the apps, including the number of solved vo-
cabulary tasks, their correctness, response times and task
dismissals (in the UnlockApp).

6.2 Sample

We recruited 30 participants via University mailing lists,
social media channels, and word-of-mouth, nineteen

identifying as female and eleven as male. Their average
age was 29.8 years (SD = 15.55, range 19–78 years) and the
majority (18) reported to be studying or working full time
in jobs such as Engineer, Physicist, Accountant, Doctor, or
Dentist, while two were pensioners. Fifteen stated having
a high school degree and twelve a university degree (in-
cluding bachelor, master, or phd). One third (19 people)
reported using fingerprint authentication on their smart-
phones, and seven reported using a PIN or password, two
patterns, and two face recognition. All participants stated
to use their device at least multiple times a day (15) if not
multiple times per hour (15).

At the time of the study, ten participants confirmed
learning or actively improving on a language (four Span-
ish, three French, two English, and one Japanese). They
further stated to be proficient in at least one and up to
five foreign languages (Md = 3), and reported to have
great interest in learning a new language (M = 6.07, SD =
0.85, Likert-scale from 1 = “I fully disagree” to 7 = “I fully
agree”). As languages to learn in this study, thirteen peo-
ple chose Spanish, twelve French, and five Swedish. For
their successful participation all people received a 25 Euro
Voucher for an online store, or an equivalent amount of
study credit points.

6.3 Results

We report on the data of 30 people. However, one per-
son did not complete any of the final questionnaires, and
two additional people did not submit the questionnaire
for the StandardApp. Therefore, we report the interaction
data of 30 and the questionnaire results of 29 people for
the UnlockApp and NotificationApp, 27 for the Standard-
App, respectively. For the statistical analysis of the ques-
tionnaires, we performed pair-wise exclusion for incom-
plete data sets.

We used R [38] for significance testing; concretely,
(generalised) linear mixed-effects models (LMMs, pack-
ages lme4 [3] and lmerTest [27]). The LMMs accounted for
individual differences (participants) andapp order via ran-
dom intercepts. Note that app order was counterbalanced
yet we still included it here following best practices. As
fixed effects, we included app, plus the number of days
since the start of the study.

6.3.1 Overall Usage

In total, we recorded 7715 answered vocabulary tasks
over all participants across the three weeks of our study.
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Figure 3: Overview of participants’ usage of the three apps during the study: (per participant from left to right) the overall number of vocabu-
lary tasks solved in the UnlockApp, NotificationApp, and StandardApp.

The most tasks were answered using the NotificationApp
(2945), followed by the UnlockApp (2604) and the Stan-
dardApp (2166). On average per day, people used the apps
to solve 10-13 vocabulary tasks. Here, the StandardApp
showed the lowest mean usage (Md = 2, M = 10.28,
SD = 20.05), while the UnlockApp (Md = 8, M = 12.28,
SD = 14.73) and NotificationApp (Md = 5.5, M = 13.7,
SD = 28.43) were used more frequently. While the Noti-
ficationApp shows the highest overall usage, the Median
is lower than the Median of the UnlockApp. This is due
to one exceptional case in the NotificationApp usage (see
P4 in Figure 3): P4 reported having used the Notification-
App extensively out of enjoyment, with over 800 answered
vocabulary tasks (increasing the overall usage count but
with little effect on the Median). Since this was intended
use, we do not remove this as an outlier from our analy-
sis.

For significance testing, we fitted a generalised LMM
(Poisson family) on the answer count data (i. e. number of
answered vocabulary questions). The model had app as a
significant positive predictor (UnlockApp: β = .43, SE= .06,
CI95% = [.31, .55], p < .0001; NotificationApp: β = .36, SE =
.06, CI95% = [.25, .48], p < .0001): Therefore, compared to
the StandardApp, using the UnlockApp was estimated by
the model to result in exp(β) = 1.54, that is, 54% more
answered vocabulary questions. Similarly, using the No-
tificationApp was estimated to result in 43% more. More-
over, the model had day (since start of the study) as a sig-
nificant negative predictor (β = −.15, SE = .01, CI95% =
[−.17, −.12], p < .0001): The number of answered questions
was estimated by the model to decline over the course of
the study (estimated as exp(β) = 0.86 i. e. −14% per day).
The interaction of day and app was significant for Unlock-

App (β = −.07, SE = .02, CI95% = [−.10, −.04], p < .0001),
but not for NotificationApp (p = .176).

We further plotted people’s interactionswith the three
applications over the course of thewhole day and theweek
of use: Figure 4 visualises the number of tasks solved by
the users, indicating that they interacted with each app
most frequently on the first day of use. It has to be noted
here that participants started the study on different days
of the week (Monday: 5, Tuesday: 2, Wednesday: 2, Thurs-
day: 5, Friday: 5, Saturday: 6, Sunday: 5) and the starting
weekday then stayed the same for each person across app
conditions. Moreover, the plots reveal that interactions
with the UnlockApp are scattered more across the time of
the day compared to the interactions with the Standard-
App and NotificationApp. Furthermore, the plot matches
the results of the LMM that the number of answered ques-
tions declined from day one to day seven.

6.3.2 Learning Task Correctness

In general, the users answered more than 90% of the
learning tasks correctly over all three applications (see Ta-
ble 3). The correctness rates for the StandardApp and No-
tificationApp are slightly higher than the rates for the Un-
lockApp. A Friedman test revealedno significant difference
(p > .05) for the task correctness of the answerswith regard
to the three applications.

For the UnlockApp, we can further measure the time
between when the learning task is presented and the mo-
ment the answer is recorded. On average, it took partici-
pants 3.4 seconds to answer a task using the UnlockApp
(SD = 1.02). The time to complete the task for incorrect an-
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Figure 4: The relative distribution of vocabulary tasks solved for the UnlockApp (left), StandardApp (middle), and NotificationApp (right) in
percent (0.06 = 6%). The amount of vocabulary tasks is normalised for each user with respect to their overall number of solved tasks and
visualised according to the seven usage days (x-axis) and the hours of a day (midnight to midnight, y-axis).

Table 3: Overview of people’s use of the three apps in terms of the
number of answered vocabulary questions.

App Type # Answers Total # Correct # Incorrect % Correct

StandardApp 2166 2026 140 93.54%
NotificationApp 2945 2762 183 93.79%
UnlockApp 2604 2380 224 91.40%

swers is higher (M = 3.98, SD = 2.71) compared to correctly
answered tasks (M = 3.38, SD = 1.02).

The UnlockApp enabled users to dismiss a learning
task in case they did not want to answer it. During the
seven study days, users chose to skip between zero and
80 tasks, with an average of 9.6 skips (SD = 14.48,
Md = 4).

6.3.3 Favorites, Ratings & Subjective Results

We asked participants directly which of our three applica-
tions they would prefer for everyday use. As their most fa-
vorite application, 18 out of 30 people named the Notifi-
cationApp, followed by seven mentions of the UnlockApp.
Vice versa, 15 participants stated the UnlockApp as their
least favorite of the three applications, followedby 13 nam-
ing the StandardApp.

Moreover, we analysed participants’ subjective im-
pressions of the three applications (expressed in the fi-
nal questionnaire as 7-point Likert scale items from 1 =
“I totally disagree” to 7 = “I totally agree”). For each item
we performed a Friedman test with post-hoc Wilcoxon
pairwise-comparisons. There was a significant difference

in howmuch participants liked the applications (a: χ2(2) =
6.812, p < .05, see Figure 5a). Post-hoc analysis with
Wilcoxon signed-rank tests showed a significantly higher
score for the NotificationApp compared to both the Stan-
dardApp (Z = −2.159, p < .05) and the UnlockApp (Z =
−3.100, p < .01).

We further asked participants (b) if they felt they used
the app only when they had time to learn and (c) if they
used the app even when they had no time to learn. Both
items revealed significant differences in participants’ sub-
jective perception of their usage among all three applica-
tions (b: χ2(2) = 16.568, p < .001, see Figure 5b; c: χ2(2) =
15.571, p < .001, see Figure 5c). For item (b), participants
report to be more likely to use the StandardAppwhen they
had time to learn compared to the NotificationApp (Z =
−2.060, p < .05) and theUnlockApp (Z = −3.960, p < .001),
andmore likely to use theNotificationAppwhen compared
to the UnlockApp (Z = −2.737, p < .01). For item (c), partic-
ipants report to be more likely to use the UnlockApp even
when they had no time to learn compared to the Notifi-
cationApp (Z = −2.786, p < .01) and the StandardApp
(Z = −3.945, p < .001), and more likely to use the Notifica-
tionApp when compared to the StandardApp (Z = −3.945,
p < .001).

We found no significant differences in participants’
ratings of the design of the three applications and their in-
tuitiveness of use.Moreover, the Friedman test revealed no
significant difference in terms of participants’ willingness
to continue using the applications in their everyday life.
The descriptives, however, show a slight preference in fa-
vor of the NotificationApp (M = 4.37, SD = 1.85) compared
to the UnlockApp (M = 3.70, SD = 2.05) and the Standard-
App (M = 3.30, SD = 1.73), see Figure 5d.
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Figure 5: Participants’ ratings of the StandardApp (SA), NotificationApp (NA), and UnlockApp (UA) for four questionnaire items (from 1 =
“I totally disagree” to 7 = “I totally agree”): (a) I liked the [SA/NA/UA]; (b) I only answered tasks with the [SA/NA/UA] when I had the time to
learn; (c) I answered tasks with the [SA/NA/UA] even when I did not have time to learn; (d) I would continue using the [SA/NA/UA] frequently
in my everyday life for learning a language. Asterisks indicate all statistically significant differences (* <.05| ** <.01| *** <.001).
6.3.4 Open Comments and Suggestions for Improvement

Regarding the concept of the NotificationApp, people re-
ported positive as well as negative impressions: One par-
ticipant considered the continuous presentation not opti-
mal and rather wants to take the time to actively engage
with language learning (P15). P7 perceived the display of
the notification on the lockscreen as distracting. Two other
participants suggested increasing the delay between the
presentation of two vocabulary tasks so that the app is not
running all the timebut just presents anewword from time
to time (P21, P27). On the other hand, some participants
positively emphasised the unobtrusiveness of the notifica-
tion app, saying it is “[…] not distracting, it provides the op-
portunity to quickly solve a couple of learning tasks” (P11)
and that it is “very suitable for daily use” (P25). To further
improve the application, participantswished for the inclu-
sion of grammar knowledge (P2, P5, P14), free text entry of
words to foster recall rather than recognition ofwords (P2),
audio output to help with the pronunciation (P5, P8, P14),
and gamification features (P6).

Similar suggestions were stated for the UnlockApp:
Participants wished for free text entry opportunities (P22),
pronunciation support (P9, P26), and grammar knowledge
(P3, P5, P7, P19). Since vocabulary in itself is not suffi-
cient to learn a new language, P6 considers the app a nice
addition for people currently attending language learn-
ing courses and P19 recommends using it to freshen up
a language. Regarding the overall concept of combining
the learning task with authentication, many participants
stated positive impressions: While P9 highlighted the sim-

ple design, P19 emphasises that “it’s good that you always
have to solve at least one task and therefore learn contin-
uously”. Further, P6 stated to like the app and in partic-
ular the idea, similar to P8. However, P8 adds that “[…]
it bothers me that I have to answer the task or dismiss the
appwhen I just quickly want to do something onmy phone”.
P20 shares the experience and describes that when they
just quickly want to use the phone, they are “not focused
enough to answer the questions conscientiously”. To ad-
dress this issue, other participants suggested including
more personalisation options. For example, P7 wishes for
a feature to adjust the number of vocabulary tasks pre-
sented at each authentication (which was fixed to one in
the study), describing that if a user currently hasmore time
to learn, then they could increase thenumber ofwordspre-
sented per unlock event. Further, P15 proposes to define
time intervals during the day in which the app is active
(P15).

7 Discussion

7.1 Limitations

Our user study was conducted during the COVID-19 pan-
demic, probably leading to anomalies in users’ daily rou-
tines, mobility, and smartphone usage due to lockdown
and work-from-home phases. All these factors potentially
influence the use of mobile language learning applica-
tions; thus, we can not ensure the generalisability of our
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results. However, we included a control condition via the
StandardApp.

The focus of our evaluation lies on the users’ experi-
ences and users’ interaction with the three apps of vary-
ing integration into smartphone usage. Although our ap-
plications do not constitute an exhaustive representation
of all MLL applications, we chose these three as a concise
comparison of how different levels of embedding could
be implemented. Further, with our focus on user’s inter-
action we can not report on actual vocabulary retention.
However, as retention of vocabulary is increased by fre-
quent interaction with the content [12, 14], we expect our
applications to positively impact people’s vocabulary re-
call and recognition. Nonetheless, actual vocabulary re-
tention, particularly concerning the consolidation proper-
ties of the apps over time, needs to be further evaluated in
future work.

By providing people the three applications to use for
each seven days during this user study, we gained inter-
esting insights into users’ learning behavior. We decided
in favor of a shorter within-subject study over a longer
between-subject study to enable users to draw compar-
isons among their interaction with the three apps and to
make the best use of the limited sample size. However,
we are aware that our study only presents a narrow view
onto users’ actual behavior. As the users show a great di-
versity in individual preferences, only a long-term evalu-
ation with a larger sample will be able to show which be-
haviours will prevail in users’ daily lives. Our study data
shows a more extensive usage of each application on the
first day, declining over the seven days of usage. This pat-
tern could indicate a form of curiosity or novelty effect.
Educational technology research has shown that accus-
tomisation with new learning technology can negatively
impact learners’ preferences regarding technology-based
learning [25] and reduce users’ motivation [24]. In con-
trast to the StandardApp, the UnlockApp’s concept partly
counteracts this decline by continuously engaging the
learner in solving vocabulary tasks with each authenti-
cation event. However, a future long-term evaluation in
particular of the new UnlockApp concept is required to
reveal the strength of the novelty effect in everyday us-
age.

7.2 UnlockApp and NotificationApp Increase
Vocabulary Exposure

Our analysis confirms our initial hypothesis, showing that
theNotificationApp andUnlockApp result in a higher num-
ber of solved vocabulary tasks per participant. Thus, we

conclude that the learning content exposure was higher
for these two apps when compared to the baseline, the
StandardApp. Furthermore, the presentation of the vo-
cabulary tasks after the authentication leads to a more
spread out exposure to the tasks across the day, confirm-
ing Dingler and colleagues’ [15] conclusion that proac-
tively triggering vocabulary learning sessions can effec-
tively space out learning. Further, the continuous presen-
tation of content through the NotificationApp allows for
short but also extensive learning sessions (cf. the outlier
P4). The similar distribution of correctly and incorrectly
answered tasks across the three applications gives no indi-
cation that usersmight have been less focusedwhen learn-
ing with the UnlockApp or NotificationApp. Additionally,
we observed that users occasionally skip tasks with the
UnlockApp. This suggests that even though the skipping
requires the same amount of effort as selecting an answer
(one button press), the users can judge if they have the
mental capacity and/or time to engage in the learning or
not.

7.3 Potential for Adaptation &
Personalisation

The subjective feedback revealed individual differences re-
garding people’s attitudes toward the three applications:
While many state to like the concepts of the Notification-
App, opinions on the UnlockApp are mixed. Specifically,
some people felt distracted by the UnlockApp’s vocabu-
lary presentation when they unlocked their phone with a
specific task in mind. People do not oppose the concept
in general but express their need for further personali-
sation. Suggested adaptation features include the defini-
tion of learning time frames for theUnlockApp or adjusting
the number of tasks presented with each authentication
event. Moreover, we see potential for automated mecha-
nisms that learn from people’s interactions with the Un-
lockApp (in particular dismissals) and adjust the presenta-
tion accordingly. I. e. the app should stop promoting users
with learning tasks after unlock events at times during the
day when they are frequently dismissed.

7.4 Extending the UnlockApp Concept to
Different Authentication Methods

Based on the results here, we deem it useful to discuss
possible extensions of the UnlockApp concept to further
authentication methods: Concretely, the majority of par-
ticipants in our study used fingerprint authentication to
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unlock (yet with phones that do not support fingerprint
gestures). Our app and concept already support finger-
print gestures to respond to vocabulary tasks (see imple-
mentation section), which can help to embed the learn-
ing task even more implicitly into the authentication (i. e.
no switch from fingerprint to touch required). Prior work
has found that using fingerprint sensor gestures for jour-
naling is perceived faster and less intrusive compared to
notifications [18]. Both touch input and fingerprint ges-
tures might also be combined with unlocking methods
that do not require further input themselves, such as face
unlock, or when Android’s smart screen lock feature is en-
abled (i. e. no unlock at home). Beyond this, we already
gathered experiences with knowledge-based authentica-
tion methods: One third of our sample stated to use PIN,
password, or pattern authentication. In these cases, the
UnlockApp also presents the task immediately after the un-
lock event.

7.5 Extending the Learning Features of
Embedded Learning Applications

Our application focused on the presentation of vocabulary
translations to reduce the complexity of the content. With
this, we aim to simultaneously increase the control of po-
tential effects among the three apps. The participants of
our study strongly emphasised the demand for additional
features such as grammar knowledge or pronunciation ex-
ercises in open comments, and compared our application
to applications available on the market. To accommodate
for people’s need for more complex learning tasks, we see
three potential solutions: (1) By combining the embedding
concepts with a fully-featured learning app, we could ad-
dress users’ preferences for long learning streaks when
they have time to spare (i. e. with the StandardApp), dur-
ing which the app could also teach grammar or pronun-
ciation knowledge. The differentiation between two com-
plexity levels could also be realized by (2) differentiating
between short and long learning sessions as suggested by
Cai and colleagues [10] (e. g. by exploiting different types
of waiting situations). Additionally, the UnlockApp could
refresh users’ vocabulary knowledge by continuously pre-
senting translation tasks after each authentication to en-
gage users with a language on a daily basis. Option (3) is
to investigate extensions of learning tasks that are short
enough tobe embedded into theUnlockApporNotification-
App. These tasks need to be solvable with simple interac-
tions and with low effort and time. Possible examples in-
clude fill-in-the-blank tasks offering a word in two tenses
or with two suffix options.

8 Conclusion & Future Work
We evaluated twelve concepts for embedding learning
tasks into the authentication process, as it is a highly fre-
quent yet otherwise useless daily action. While partici-
pants appreciated the idea of being “nudged” to learn
more frequently through the embedded authentication
learning approach, they emphasized the need for a quick
and simple interaction. If the task is too complex or slow,
they could not imagine using it over a longer period. Based
on these results, we implemented the UnlockApp, which
presents a multiple-choice vocabulary task after each un-
lock event, and performed a follow-up evaluation.

We compared our UnlockApp concept to a second
application presenting learning tasks in a continuously
shown notification (NotificationApp) and a standalone
learning app. When similar ideas were proposed in the lit-
erature, these individual concepts had been evaluated in-
dependently of each other. Thus, in this paper, our main
contribution to the literature is their direct empirical com-
parison in a single study.

In this light, our key result and conclusion is that em-
bedding vocabulary learning tasks into everyday smart-
phone interactions – concretely: the status-bar notifica-
tions or the unlock procedure – significantly increases ex-
posure over a dedicated self-initiated learning app.

To critically reflect on this finding, we might ask if
this embedding and increased exposure is “worth it” for
users, consideringpotential downsides suchasdistraction
or longer unlock interactions. Based on our results and
user feedback here, we conclude that the overall answer is
yes, yet our insights point towards individual differences:
Both embedding approaches (notification, unlock) were
favoured by a considerable proportion of people, who pro-
vided various concrete reasons for their choices.

In the broader context of the literature, the re-
sults from our direct comparison here thus support such
embedding and micro-learning concepts, and therefore
strengthen their motivation and this line of research over-
all. Practically speaking, our findings motivate that lan-
guage learning apps should consider offering these em-
bedding concepts tousers, for example, as complementary
widgets to their main app content.

Looking ahead, our findings encourage further inves-
tigations in this direction: For example, future work could
explore the design space of unlock integration in detail
(e. g. supporting further learning tasks and unlock mech-
anisms), also to improve the individually perceived trade-
offs of learning and disturbance (e. g. via personalised and
context-aware adaptations). Also, learning tasks could be
connected to other smartphone actions, such as giving ad-
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ditional purpose to less productive actions defined by the
user (e. g. starting a social media app).
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