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ABSTRACT 
This paper presents and evaluates Aiki, a simple browser extension 
designed to redirect a user to a learning platform for a fxed amount 
of time before accessing websites defned as ’procrastination’ or 
’time-wasting’ websites. The goal of the extension is to enable the 
user to exchange time spent on pages they believe contribute less to 
their own productivity for microlearning activities, defned as small 
or short-term learning activities. The paper describes the design 
and development of Aiki and evaluates the extension with a group 
of n = 10 participants studying the Danish language. Based on 
a two-week study, we conclude that this type of extension, even 
in its preliminary version, has the potential to improve language 
skills in a lightweight manner and that redirection is an important 
alternative to blocking for procrastination management. 

CCS CONCEPTS 
• Human-centered computing → Interactive systems and 
tools. 
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1 INTRODUCTION 
The internet provides rich opportunity for idle browsing, which 
leads many people to feel distracted and become interrupted during 
their normal working day [9, 22, 29]. Maintaining focus while work-
ing on a computer is a major challenge for many, and people often 
feel that they use their time inefectively [51]. Conversely, the in-
ternet also provides ample opportunities for knowledge acquisition 
and self-driven time management. The availability of information 
on the internet has never been greater, leaving our browsers a po-
tential minefeld for focused attention management; most workers 

need the internet browser to complete their work tasks, but this is 
also where the most attention distractors are ofered. This paradox 
led us to ask the question: Can we design an intervention where 
the worker benefts from their own detours to websites they fnd 
less productive? 

Deliberately blocking and controlling distractions with diferent 
digital interventions has been been a popular direction in research, 
drawing on work in HCI such as using appropriate timing and 
mode of the presentation of interruptions, e.g. [26, 28–30, 32, 51]. 
While such interventions have generally led to favorable outcomes 
in terms of increased experience of focus and productivity, there ap-
pear to be large individual diferences; the individuals who reported 
the greatest increase in focus when distractions were blocked were 
also the individuals who were more susceptible to social media 
distractions [29, 30]. Some workers incur costs and experience in-
creased stress when distractions are blocked completely, because 
distractions can provide much needed breaks from work [29, 30, 45]. 
To avoid adverse efects of blocking potentially necessary breaks, 
we designed an extension to intercept a visit to a distracting website 
and redirect the user towards an easy but useful task, rather than 
to completely block any websites. 

Aiki is a martial arts principle that allows a conditioned prac-
titioner to negate or redirect an opponent’s power. 1 

Aiki, in the 
context of this paper, is a browser extension designed to redirect a 
person’s attention from a “time-wasting"-website to a website per-
ceived as more productive. In short, in the settings of Aiki, a user 
can choose any number of websites they wish to have intercepted, 
how long they would like an interception to last, and another web-
site which they would like to be directed to during that time. The 
user thus exchanges time spent browsing sites they perceive as less 
productive for activities they perceive as more productive. 

A practical use example: Eve, a researcher, fnds 
herself often browsing the news on The Times, rather 
than studying Japanese – a language she has always 
wanted to learn. Eve uses Aiki to have the URL https:// 
www.thetimes.co.uk/intercepted. She chooses a time 
span of two minutes which she would like to spend 
on Duolingo, completing small exercises in Japan-
ese. Now, every time Eve types thetimes.co.uk in her 
browser, Aiki leads her to her own profle on Duolingo, 
where she has to spend a minimum of two minutes 
before being able to proceed to thetimes.co.uk. Eve 
also chooses that if she spends more than six minutes 
on her news site afterwards, she will be redirected 

1
https://en.wikipedia.org/wiki/Aiki_(martial_arts_principle) 
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to Duolingo again, for another two minutes of lan-
guage exercises. Eve has set Aiki to be active every 
day between 8AM and 8PM, but otherwise inactive. 

Which sites are considered “time-wasting", and which are consid-
ered productive, is entirely up to users themselves. In the study this 
paper presents, we chose language learning as the learning subject, 
but a user could choose to study all kinds of topics, from cooking to 
coding, or even use the interceptions to nudge themselves to catch 
up on personal correspondences by e.g. asking Aiki to redirect them 
to a Google doc containing personal letters. 

With the development of Aiki, we were primarily interested 
in exploring a browser extension as a catalyst for procrastination 
redirection and microlearning. The paper contributes to the high-
level research question: How might we design digital systems 
that turn procrastination behavior into productive learning 
experiences?, where both procrastination and productive depend 
principally on and are defned by the individual user. 

We conducted a two-week experiment with 10 knowledge work-
ers using Aiki and a designated learning environment to investi-
gate two factors: 1. Whether microlearning is possible in a setup 
where a visit to a site is intercepted by a learning environment, 
and 2. Whether interception via a browser extension is experienced 
as a good way of either reducing procrastination behavior or at 
least ofering a more productive alternative in those situations where 
procrastination-behavior actually represents a needed break. As de-
scribed, this study investigates language (vocabulary) learning as 
the subject, but the overarching research question invites experi-
ments with many other types of learning; music, cooking, coding, 
or even studying formal course curricula. 

The paper ofers practical contributions to researchers and prac-
titioners in HCI interested in facilitating attention management for 
workers who depend on their computer as a primary workstation, 
but who also sometimes experience the computer as a catalyst for 
detours and time-wasting activities. 

2 RELATED WORK 
Maintaining focus while switching between numerous tasks is not a 
new challenge for professionals. In fact, the problem was addressed 
by Bannon and colleagues as early as in 1983: “Current human 
- computer interfaces provide little support for the kinds of prob-
lems users encounter when attempting to accomplish several diferent 
tasks in a single session" [2]. Many companies and organizations 
depend on the self-managed productivity of computer-based knowl-
edge workers [21, 54]. The activities which characterize knowledge 
work include innovation, cooperation and a high amount of con-
text switching [35, 43]. It requires individual empowerment and 
self-managed working pace [36], making great demands on hu-
man cognition in terms of attention management. Indeed, recent 
research has shown that use of, for instance, social media can lead 
to increased anxiety and other adverse psychological outcomes, 
but only when social media is used in place of productive activities 
[41]. Research has shown that self-management practices have a 
much larger impact on productivity and output than the external 
design and organization of workplaces [33], so improving and facil-
itating self-management of attention management therefore seems 

key to enhance productivity, self-satisfaction, and well-being for 
professional knowledge workers. 

2.1 Blocking Distractions 
One popular approach to supporting knowledge workers in self-
managing their attention are software solutions for blocking the 
distraction themselves. One approach is to make users aware of their 
computer usage by blocking and fltering notifcations [31, 34, 51], 
while the usefulness of blocking the distraction sites themselves 
seems to be suggested by the existence a furry of applications 
and browser extensions designed for this purpose. From the ironi-
cally named SelfControl [38] and Freedom [18], to the more obvious 
StayFocusd [40] and WasteNoTime [50], internet users have many 
options for blocking themselves from reaching the websites that 
have been aptly called the weapons of mass distraction of our time. 
Other applications ofer more creative approaches, such as Forest 
[17] in which the user plants a tree at the beginning of a working 
session – a tree that will die if the user brings another application 
in the foreground. 

Distraction blocking has also been investigated by researchers. 
Mark et al. [30] discovered that with blocking software, partici-
pants assessed their productivity signifcantly higher and could 
focus signifcantly longer. Resultant changes in work behaviors 
included switching from online distractions to physical breaks of 
leaving the ofce. However, an unexpected consequence of cut-
ting of distractions for people with less self-control was that they 
were more focused and worked longer without taking breaks and 
therefore, experienced higher stress. In a diferent study, the au-
thors showed that those who reported the greatest increase in focus 
with distractions blocked were those who were more susceptible 
to social media distractions [29]. Tseng et al. introduce UpTime – a 
system that aims to support workers’ transitions from breaks back 
to work – moments susceptible to digital distractions [47]. By sens-
ing transitions from inactivity, their system aims to help workers 
avoid distractions by automatically blocking distracting websites 
temporarily. Moreover, the chatbot part of the system interacts with 
the worker through a set of proactive and reactive chat prompts, 
providing friction, and ofering encouragement. As the result of a 
three-week study with ffteen workers, the authors conclude that 
automatic blocking of time-wasting websites at transition points 
can signifcantly decrease distractions. 

In contrast with these works (applications, extensions and re-
search studies), the approach we present in this paper does not try 
to block the distractions, but rather, to temporarily redirect the user 
– who is likely in need of a break – towards something useful; in our 
case, a web application that supports microlearning for improving 
one’s vocabulary. 

2.2 Microlearning for Vocabulary 
Improvement 

Microlearning is a study technique in which a complex learning 
task is broken into a series of short study interactions, distributed 
over time [19]. Learning sessions which are temporally-spaced have 
been shown to yield higher learning rates than massed presentation 
(i.e., “cramming”) [7, 11]. Given the memory advantage of spacing 
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repetitions and the accessible nature of short study sessions, many 
researchers have investigated ways of using technology towards 
consolidating L22 

vocabulary with the help of microlearning tech-
niques. 

In one of the frst mobile approaches, before the time of ubiq-
uitous smartphones, Cavus and Ibrahim [6] used the SMS system 
to send vocabulary reminders to learners of English. As mobile 
technology became widespread, a vast amount of mobile applica-
tions for this purpose appeared. Some were context aware, using 
the location based service Foursquare to automatically provide 
location relevant content [16], others aimed specifcally at being 
non-intrusive, such as the work of Dearman and Truong [10] who 
developed a mobile phone live wallpaper interface that is always 
visible and presents vocabulary reminders to the user. Trusty and 
Truong [46] created a browser extension that augments parts of 
web pages with translated nouns in the L2 of the learner. An inter-
active pop-up menu allows the user to select the correct translation 
for the translated word from a set of multiple choices. Dingler et 
al. [13] built an Android app for language microlearning with two 
kinds of exercises: multiple-choice and fashcards. They discovered 
that adding study reminders as notifcations resulted in a signifcant 
number of “quick” learning sessions. Recently, in step with device 
adoption, Zhao et al. [53] proposed using a smartwatch for second 
language vocabulary practice. In their work, they show that peo-
ple are much more receptive to vocabulary reminder notifcations 
on the smartwatch than on the smartphone, however, the small 
screen of a smartwatch obviously presents some constraints to the 
interactivity of the learning environment. 

2.3 Finding Opportune Moments and Contexts 
for Microlearning 

Most of the presented micro-learning approaches rely on push 
notifcations to generate learning opportunities. However, research 
shows that push notifcations cause interruptions and can induce 
stress [52]. More recent studies aim to defne the right opportunity 
for microlearning. 

Cai et al. [4] suggest delivering micro-learning sessions while 
the user is waiting for something else. They present an Instant Mes-

sage web application – WaitChatter – which presents vocabulary 
exercises while the user awaits responses in an ongoing chat. Their 
assumption is that, given that the user is experiencing an inactive 
moment, they would prefer to do a micro-learning session, rather 
than just wait. WaitChatter was since extended into WaitSuite – a 
suite of fve diferent wait-learning apps that each uses a diferent 
kind of waiting as an entry point to learning tasks [5]. 

Multiple applications available in app stores and also a few sci-
entifc studies have shown the potential of using the moment when 
a user unlocks the screen of their smartphone for micro-learning 
and micro-tasks [44, 48]. 

Kovacs [24] presents FeedLearn – a Chrome extension that inserts 
vocabulary exercises as interactive quizzes within the Facebook feed 
of language learners. An early evaluation of the idea suggests that 
embedding the exercises within the Facebook feed is a more efective 
way of improving Japanese vocabulary than inserting links that 
bring the learners to an external page with quizzes. In a similar vein, 

2
Second Language 

Hahn et al. [20] investigate introducing micro-tasks in the Facebook 
feed of learners. The main diference between these approaches 
and the one embodied in Aiki is that Aiki intercepts a user before 
they arriving at the time-wasting website. One advantage of our 
approach is that it is more scalable: by intercepting the time-wasting 
website before it is displayed, one does not need to defne a website-
specifc way of inserting exercises in the diferent feeds of various 
time wasting websites. 

While some researchers have attempted to algorithmically defne 
opportune moments for delivering microlearning reminders (e.g. 
when the user is suspected to be “bored”) [12, 13], our work takes 
advantage of a user’s self-defned detour to a time-wasting website. 

3 EXPERIMENT 
The objectives of the study were to explore a) the microlearning 
potential and b) the attention management potential of a browser 
extension through a semi-controlled experiment. Using Aiki as a 
design case, we investigate the following: 

• RQ1: Can we show an efect on language learning, 
using regular, time-limited micro-interactions (mi-
crolearning)? 

• RQ2: How is browser redirection experienced by 
knowledge workers, as a means of intercepting pro-
crastination behavior? 

We investigated these questions by asking 10 knowledge workers 
to install and use the browser extension for two weeks. We gave 
them a brief instruction in how to install the extension, but did 
otherwise not interfere with their usage of the extension. In the 
following, we describe the details of the study and our rationale 
behind the experimental design. 

3.1 Microlearning Environment: Zeeguu 
The Aiki extension is designed so the user can choose their preferred 
online learning environment (e.g. Duolingo, Codecademy or any 
specifc URL, see Fig. 3a), to which they will be redirected when 
trying to access one of their specifed time-wasting sites. However, 
for the purpose of the experiment, we decided to fx the learning 
environment for all the participants to Zeeguu – an open-source 
research platform that aims to enable learners of a foreign language 
to practice with personalized reading and vocabulary exercises. 

The Zeeguu platform is a research project that has been devel-
oped at multiple universities and has been showed to be efective in 
improving the reading skills of Dutch high-school students studying 
French [27]. One instance of the project is deployed at zeeguu.org 
and the researchers behind the platform agreed to provide us with 
user interaction data from within the learning environment. This 
gave us insight into user behavior which would not otherwise be 
available on randomly specifed external websites. Moreover, by 
using Zeeguu, we could also control the curriculum of the learning 
environment, allowing us to design a learning outcome test that 
corresponded to the learning material the participants had been 
exposed to during their 14 days of having Aiki installed. These data 
are described in detail in section 3.2.2 and 3.3.2. 

In Zeeguu, the learner can choose topics they are interested in 
(or alternatively, topics that they do not want to see) and then the 
internet is crawled daily for materials that match the interests of 

https://zeeguu.org
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the learner. Figure 1a shows an example of a list of recommended 
articles for a learner. The list also includes a difculty estimation for 
every article, represented by the colored disks on the right. While 
a user reads a text, context-aware translations are provided at the 
click of a word. (Fig. 1b illustrates how the UI inserts word and 
phrase translations above the original text. Translations are auto-
mated by merging suggestions from multiple machine-translation 
services (e.g. Google Translate, Microsoft Translate, Glosbe, etc.. 
The words that a user has requested translations for, together with 
word contexts, are automatically saved to the user’s profle and are 
used later to generate personalized vocabulary exercises. 

(a) Zeeguu front page and overview of available articles. 

(b) Closeup of translated words in Zeeguu. 

Figure 1: Screenshots from the user interface of Zeeguu – the 
online micro-learning platform used in the study 

3.2 The Design of Aiki 
Aiki is an open source browser extension. The front-end is im-

plemented with React. The backend uses Firebase to store user 
preferences and the telemetry required for analyzing user interac-
tions with the extension. The source code is available on GitHub3. 
In this section, we describe the design of Aiki in detail, so that the 
interaction design is comparable for similar research. We describe 
the entire interaction fow in the interest of prociding an informed 
foundation for interpreting the fndings of the following experiment 
in terms of usability and user experience of the extension. 

3
https://github.com/Aiki-Extension 

3.2.1 Selecting Time-wasting Websites. After installing Aiki, the 
user is led to the settings page where they are frst asked to defne 
their time-wasting websites as seen in Fig. 2a. On the settings page, 
the user is reminded that adding a URL to the list of time-wasting 
websites does not mean the user will be unable to access the site, 
but rather, that the user will be asked to preface a visit to the site for 
time spent learning. It is explained that the user can always disable 
the interceptions for any site from the settings. Enabling/disabling 
is also possible on any website via a toolbar menu (Figure 2b). The 
toolbar features both a global -toggle, which turns 
the extension on and of, as well as an -toggle, which 
turns the extension on and of for the current URL. 

(a) Selecting time-wasting websites. 

(b) Extension toolbar 
menu. 

Figure 2: Defning and later Enabling/Disabling Time-
Wasting Websites in Aiki 

3.2.2 Seting Learning Environment and Timing Constraints. The 
next section of the Aiki settings asks the user to defne their learning 
environment, i.e. the page they would like to be redirected to before 
accessing a time-wasting website (Fig. 3a). As described, the setting 
was locked to the learning platform Zeeguu for the purpose of this 
study. 

The user is asked to defne two time intervals 

(1) The amount of time to spend in the learning environment 
before being able to access their time-wasting websites. 

(2) The amount of time they would like to exchange the learning 
detour for, i.e. a time interval during which they can browse 
the time-wasting website before being redirected back to 
their learning environment. 

https://3https://github.com/Aiki-Extension
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(a) Setting the learning environment and study times. 

(b) Interception statistics 

Figure 3: Screenshots from the Aiki extension settings: 
Learning environment and statistics overview. 

In the example shown in Fig. 3a, the user has chosen to exchange 
10 seconds of language exercises per fve minutes of browsing time 
on each of their chosen time-wasting websites. These settings can 
be changed at any time. 

Finally, at the bottom of the settings page the user sees a simple 
statistics overview, displaying which of their time-wasting sites 
they have visited the most, and how many times they have been 
intercepted by Aiki (Fig. 3b). We chose a very simple overview for 
this study to explore whether the study participants were interested 
in the statistics overview at all. 

3.2.3 Being Intercepted. While the Aiki extension is active, the 
user will only notice it when attempting to access any of the URLs 
specifed in the time-wasting websites settings. When either of the 
URLs is entered in the address bar, Aiki will prompt a small message; 
“Let’s do something useful before having fun!", and redirect the user 
to the specifed learning environment. A progress bar in the bottom 
of the page shows how much time is left of the time span they 
specifed in the settings. In the bottom right corner of the page, a 
“Continue to X site"-button is greyed out until the time has passed 
(Fig. 4a). After the time has passed, the button turns green and can 
be pressed to proceed to the site (Fig. 4b). If the green button is not 
pressed, the user will stay on the learning environment-site, to avoid 
interrupting them mid-exercise. Underneath the Continue to X site-
button, a less visible “Emergency skip to site"-button is always 
accessible, in case the user wishes to circumvent the Aiki extension. 
This button was implemented in the attempt to avoid a feeling 
of being constrained or blocked. We wished to give the user the 
feeling of agency over their decision to exchange procrastination 
for learning. 

(a) Continue button prior 
to pre-specifced study time 
passing 

(b) Continue button after the 
pre-specifced study time has 
elapsed. 

Figure 4: Screenshots of the Aiki proceed-to-page-buttons. 
Notice that the user can always use the Emergency skip to 
page-button 

When the user spends time on any of their time-wasting sites, 
after having completed their time in their preferred learning en-
vironment, they are not reminded of Aiki until the pre-specifed 
time span is up. When this happens, the user is redirected to the 
learning environment again. 

Aiki does not control any actions on the learning environment-

site. It does not know whether the user actually engages with any 
content on the page, or whether the user just waits for the time 
to pass before proceeding to their time-wasting site. This is why, 
for the study presented in this paper, we chose to redirect the 
participants to a specifc learning environment (Zeeguu), to the 
back end of which we were given access. 

3.3 Subjects 
3.3.1 Participants. 10 people participated in the study. To avoid ad-
verse efects and contrived levels of engagement with the extension, 
participants were not compensated for their participation. Partici-
pants were recruited through email lists, Facebook, and personal 
networks. Our goal was to have enough participants that a varied 
amount of experiences could emerge, while leaving enough time 
and space for individual interviews capturing thick data [49] about 
user experiences. As described in the introduction, there appear to 
be large individual diferences in the experience of focus interven-
tions, and our participant number allowed for such diferences to be 
explored. We considered the study an early, controlled beta or feld 
test [14]. Studies of usability testing in practice have shown that 
larger participant numbers do not equal more exhaustive fndings, 
but rather, participant numbers “should typically be increased along 
with the study’s complexity and the criticality of its context” [1]. 
We believed 10 participants was an appropriate participant number 
for the level of development that Aiki was on at the time of study: 
“going from 5 to 10 participants greatly increases the expected level 
of problem discovery, but going from 15 to 20 participants has 
far less impact” [39]. We were particularly interested in detailed 
feedback before deploying Aiki to a large group, as it gave us a 
chance to uncover usability issues and discover hypotheses for later, 
quantitative validation. 
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All participants could be classifed as knowledge workers (as de-
scribed in section 2), and they fulflled the following three selection 
criteria for participating in the study: (1) Uses their computer as 
their primary work station; (2) Must be a Google Chrome user (as 
Aiki currently only works in Google Chrome); (3) Is interested in 
learning (more) Danish. 

A note on Danish. Danish is a North Germanic language, spoken 
by around six million people, of which most reside in the Kingdom 
of Denmark. The lack of language resources available for Danish 
[23], as well as its lexical complexity [3], make it a relatively exotic 
language which most people have to actively seek exposure to. 
Danish was chosen as the language for the experiment because the 
uniqueness made it unlikely that experiment participants would 
encounter it outside deliberately scheduled sessions, thus, we could 
likely attribute advances in learning to active participation in the 
experiment, rather than random exposure. 

Participants completed a pre-study questionnaire, a summary of 
which can be found in Table 1. None of the participants had ever 
used Zeeguu to study Danish before, but seven had experience with 
other online language learning platforms. 

In the questionnaire, we also asked if participants ever experi-
enced visiting websites experienced as “time-wasting" or “unpro-
ductive". Five gave scores between 6-7 on an ordinal scale from 1 
(“Almost never") to 7 (“Many times a day"). One gave a score of 5, 
one gave a score of 3, and three did not answer the question. Five 
participants described having taken diferent measures to try and 
limit themselves from visiting certain websites, because they ex-
perienced the websites as distractingc them from productive work 
while sat at their computer. The measures were described as, for 
instance, logging out of their account on the website, unsubscribing 
from most of their connections on a social medium-website, or 
unsubscribing from a service completely. 

3.3.2 Learning Environment Curriculum and Language Test. As pre-
viously described, one of the advantages to choosing Zeeguu as 
the learning environment for the experiment was that this gave us 
control over the readings presented to participants. We selected 30 
Danish texts as the curriculum for the 14 days; nine classifed as 
Beginner level, 16 classifed as Intermediate level, and fve classi-
fed as Expert level. The texts were selected primarily from news 
sources, and covered a variety of subjects, from news about COVID-
19 to gender (in)equality in Denmark. When redirected to Zeeguu 
by Aiki, the participants were presented with an overview of the 
available texts, and could choose between them. 

We designed a Danish Language test with 79 multiple choice 
questions for the participants in the study to complete before and af-
ter their 14 days of using Aiki and Zeeguu. The test was distributed 
as a Google Form. The language test was designed as a mixture of 
general questions from similar quizzes4 

and questions tailored for 
the study. The language test was split in three sections; section 1 
containing 19 questions of sentence construction, e.g. a question in 
Danish, and four options between correct or appropriate responses, 

also in Danish. Section 2 contained 10 translation questions, consist-
ing of a Danish prompt and four options of the correct translation 
to English. Section 3 contained 50 vocabulary questions, where a 
Danish word or concept was presented along with four options for 
the correct meaning in English. The vocabulary section was highly 
curriculum-specifc, meaning all the words and concepts presented 
in that section could be found in the curriculum of texts available 
to the participants in Zeeguu. This gave us an opportunity to ex-
plore indications of the learning curriculum specifcally infuencing 
participants’ vocabulary during the study. 

3.3.3 Post-experiment Survey and Interview. After the experiment, 
all participants were asked to complete a short user experience-
survey inspired by Shrepp et al. [37], with modifcations aiming for 
more general and more qualitatively rich answers. The survey con-
sisted of four ordinal-scale questions and an open-ended possibility 
to elaborate per question. The questions were: 1) How was your 
general experience with Aiki? (Very negative–Very positive), 2) Did 
you feel like Aiki improved your Danish skills? (Not at all–Very 
much so), 3) Did you feel like Aiki made you spend less time on 
your time-wasting sites? (Not at all–Very much so), and 4) Would 
you recommend Aiki to others? (Not at all–Very much so). 

Following the completion of this survey, each participant was 
interviewed. The interview was open-ended, lasted between 8 and 
20 minutes per participant, and asked the individual participant 
to comment on their experience with Aiki — for instance, What 
changes would you have made to the setup?, Would diferent language 
approaches have made a diference?, Would diferent interception 
mechanisms?, Did you ever circumvent the extension?, and Do you 
feel more confdent in your Danish abilities?. If the participant had 
primarily provided feedback on their experience of Zeeguu, rather 
than Aiki (which was a recurring fnding that we will describe 
in the Results and Findings section), the interview provided an 
opportunity to ask questions more specifc to Aiki. 

3.4 Experiment Setup and Execution 
Execution of the experiment took place during spring 2020. 13 par-
ticipants signed up and consented to participate in the experiment. 
They received the pre-experiment survey as well as the initial lan-
guage test, providing a baseline of their Danish level. After the 
survey and language test had been completed, each participant 
received a login to Zeeguu (where accounts were already created 
on their behalf), a link, and instructions for installing Aiki. The 
authors were available for questions, but did otherwise not interfere 
with the individual participant’s use of the extension during the 
study. We received no questions about the functionality of Aiki 
from either of the participants. 

After 14 days of having the Aiki extension installed, we con-
tacted participants and sked them to complete the Danish language 
test again, to fll out the post-experiment survey about their ex-
perience of the extension, as well as to participate in the short 
post-experiment interview. 

3.5 Data Analysis 
The data emerging from the study consists of: 

(1) Pre-study information: Demographic information, level of 4
We used particularly the Cactus Language Courses Danish level test 
(https://www.languagecoursesuk.co.uk/) as inspiration. Danish, and habits of learning language. 

https://www.languagecoursesuk.co.uk
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Age Danish level Usual Learning Mode Study Time per Week 

P1 26-35 Elementary (A2) Courses in classes 0-30 min 
P2 36-45 Intermediate (B1) Online platforms; Speaking and/or writing with Danes 0-30 min 
P3 26-35 Elementary (A2) Courses in classes 1-5 hours 
P4 36-45 Elementary (A2) Courses in classes 30-60 min 
P5 18-25 Intermediate (B1) Courses in classes 0-30 min 
P6 36-45 Upper intermediate (B2) Speaking and/or writing with Danes 0-30 min 
P7 26-35 Upper intermediate (B2) Courses in classes, Online platforms 0-30 min 
P8 26-35 Upper intermediate (B2) Courses in classes; Speaking and/or writing with Danes 30-60 min 
P9 26-35 Elementary (A2) Courses in classes, Online platforms 0-30 min 
P10 36-45 Beginner (A1) Online platforms 0-30 min 

Table 1: Overview over study participants. 

(2) Danish language test score pre-installment of Aiki. 
(3) Aiki telemetry data: websites entered as time-wasting, user 

settings, total amount of interceptions, etc. 
(4) Zeeguu telemetry data: time spent reading, number of texts 

visited, amount of words translated. 
(5) Danish language test score post-usage of Aiki. 
(6) Post-study survey and interview: quantitative scores and 

qualitative elaboration user experience 

This is a substantial amount of data, and with an n of 10 partici-
pants, we were mainly interested in preliminary user testing of the 
idea, allowing us to discover and share indications for further devel-
opment. We thus focus on exploring indications of microlearning 
– achieved in part by comparing the language test scores before 
and after the intervention, and in part by asking participants in 
the post-survey whether they experienced learning from using the 
extension – and on whether a browser extension works as a catalyst 
of behavior change in this area. The latter is investigated by looking 
at usage data as well as analyzing the post-experiment surveys and 
interviews with afnity diagrams and subjective clustering [42]. 

4 RESULTS AND FINDINGS 

4.1 RQ1: Can we show an efect on language 
learning, using regular, time-limited 
micro-interactions (microlearning)? 
Observation 1: Overall, we observed a slight improve-
ment in language test scores after having Aiki installed 
for a 14 day period. 

Participants generally scored very high on the before-language test: 
the average score was 63.4 out of 79 possible correct answers, with 
a median of 67.5 (see Fig. 5a). We interpret this as a sign that the 
level of the test was less challenging than it could have been for this 
particular audience. The two participants with the lowest language 
test-score scored 47 and 48 on the frst language test, while the 
participants with the highest scores scored 77 and 72, respectively. 

On the after-language test score, the average was 67.1 correct 
answers (median 70.5), for an average improvement of 3.7 answers 
(median 4.5), or almost 6%. Two participants scored worse on their 
after-study language test (-2 and -4 points diference), while the 
participants who improved their score the most scored 9 and 7 

(a) Total language test scores per participant. 

(b) Vocabulary test scores per participant. 

Figure 5: Histograms over the language test scores before 
and after the study period. 

points more than before the Aiki-intervention. The two participants 
who scored lowest on their before-test were also among the ones 
who improved their score the most in the after-study test, with an 
improvement of 9 and 5 points, respectively. 

Looking at the vocabulary section, the section of the language 
test which was particularly tailored to the learning curriculum, that 
is, the average score on this was also very high on the initial test 
(see Fig. 5b). Participants scored on average 40.7 out of 50 possible 
correct answers (median 44.5). The average score of the vocabulary 
section was 43.1 correct answers after the study (median 45.5), an 
average of 2.4 points improvement, or also close to 6%. 

We conducted a paired t-test for both the Total Score and the 
Vocabulary Score before and after the usage of Aiki. The main 
assumption when using the t-test is that the paired-diference 
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data come from a normal distribution. This normality assump-

tion was confrmed statistically by a Shapiro-Wilk test (α = 0.05, 
p(Total) = 0.64, p(Vocabulary) = 0.86). The T-test shows a sta-
tistically signifcant increase in the scores after the use of Aiki 
with respect to the initial scores. This is true for both Total Score 
(t = 2.64, p = 0.01, mean di f f = 3.7) and Vocabulary Score 
(t = 1.94, p = 0.04, mean di f f = 2.4). These results suggest that 
indeed, the usage of Aiki for two weeks had a positive efect on the 
language and vocabulary skills of the participants. 

Observation 2: The experienced improvement of lan-
guage skills varied substantially based on types of exer-
cises and interaction patterns. 

In the histograms of language test scores (Fig. 5a and 5b), we can 
observe that some of the participants actually scored slightly lower 
on their after-language test than their before-language test (while 
some participants improved their score so drastically that it evened 
out as an overall rise in score). As described in section 3.5, our 
goal in this experiment was not to draw statistical conclusions, but 
rather to uncover insights which might help us and others develop 
Aiki and similar tools in the future. We thus sought to uncover 
the factors which may contribute to increased learning, both by 
looking at the interaction data from Aiki and Zeeguu and the survey 
responses from the post-study survey. 

4.1.1 Aiki interaction paterns. The most common time-wasting 
sites input were Facebook and Youtube. However, there was a broad 

(a) Number of Aiki interceptions for the 
participants in the study 

(b) Number of translated words vs. time spent reading. Partici-
pants 1–4 are annotated with their improvement in the language 
test scores before and after the study. 

Figure 6: Interaction data extracted from Aiki and respec-
tively Zeeguu telemetry 

range of others, including: Reddit, Twitter, Feedly, BBC, and even 
Ebay. Figure 6a shows the amount of interruptions that Aiki has 
logged for the participants in the study distinguishing between 
three types of sessions: 

■ Skipped – a minority – where the user clicked the “Emergency 
skip" button to circumvent the language practice 

■ Unfnished – where the user closed the tab before completing 
the pre-specifed learning time 

■ Successful – most numerous of the three – where the user 
completed the pre-specifed time of language learning 

The fgure shows that three participants never used the “Emer-
gency skip" button and of the seven who did, three used it very 
sparingly. However, three used it in approximately 20% of the cases 
and one participant skipped almost half of their sessions. 

4.1.2 Zeeguu interaction paterns. Figure 6b shows the number of 
word translations (y-axis) plotted against the time spent actively 
5 
reading with Zeeguu by the participants of the study. The chart 

shows that there is great diversity with regards to user involvement: 
some participants spent a total of 120 minutes in the learning envi-
ronment during the study, while others spent less than 10 minutes). 
Furthermore, the chart shows variation in user behavior: some users 
read much and translated little (e.g. P2) while others translated a lot 
in little time (e.g. P1, P3), and yet others did not need to translate 
but also did not read much. Although not visible from the charts, 
we observed that some people read the same text multiple times 
while others always chose a new text (e.g. one participant opened 
only four texts, while another user opened 24 texts). 

The data points corresponding to P1, P2, P3, and P4 are annotated 
on the graph in Figure 6b since they were the ones who improved 
the most (with respectively +9, +6, +9, +7) between the initial and 
the fnal language test. The diagram suggests an unsurprising re-
lationship between reading time and language improvement. A 
Pearson’s correlation shows that that the time spent reading and 
the improvements in the fnal score are positively correlated with 
r(8)=.74 and p=.01. Furthermore, analyzing the data with a linear 
regression shows that a doubling of reading time results in roughly 
a 2 point increase in the improvement of the fnal score. The efect 
of reading time on improvement in the fnal score is signifcant 
(p=0.0007) and has a 95% confdence interval of 1.1-2.8. 

In a way this is not surprising: the relationship between study 
time and learning is well known and Aiki gave the learners more 
time to be exposed to language. To some, it actually gave signifcant 
extra time: P1 and P2 spent three times more time studying with 
Aiki than they used to spend studying Danish before (cf. to their 
own reports); P4, P5, P6, P9 doubled their study time compared to 
self-reported average weekly time.

6 

4.1.3 Qalitative Experience of Learning. In the post-study survey, 
we asked the question: Did you feel like Aiki improved your Danish 

5 
Only the time in which the users are actively involved with the platform is counted. 

The system infers active time based on tracking mouse movements and interactions 
with text as well as page activation or hiding; if a user is not active for more than two 
minutes the time tracking is stopped; this avoids the situation where a user leaves the 
browser open and goes to prepare french fries as being counted towards study time. 
6
The improvement is likely larger, since self-reporting is known to be unreliable. 
Moreover, we considered the largest value of the declared interval for comparison 
(e.g. if somebody declared that they study between 30-60 min we considered 60 as a 
reference for their study time before) 

https://r(8)=.74
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skills? (from 1 = Not at all to 5 = Very much so). The average 
response score for this question was 2.5, with a spread distribution 
(three participants responded 1, two responded 2, three responded 
a score of 3, and two participants responded 4 and 5, respectively). 
Looking at the elaborations, it is clear that participants were missing 
more variation in language exercises, which were limited to reading: 
“The extension did not ofer me any exercises that address areas in which I 
really have difculties (e.g. pronouns, prepositions, endings)” (P3), “2 weeks 
is too short to judge, but i would like to think if i use it longer, then it will” 
(P4), and “it would be an overstatement that it improved my language skills 
in such a short time and only by reading” (P2) (actually P2, P3, and P4 
did improve their language test scores signifcantly at the end of 
the experiment). 

Most participants mentioned, both in the survey and in the 
follow-up interviews that reading is not their main challenge in 
learning Danish, therefore the language exercise environment could 
have ofered much more variation. From the positive responses, 
P1 described they felt they had improved their vocabulary, and P3 
appreciated an experience of improvement in their passive Danish: 
“I think the extension helped me to improve my passive Danish, i.e. being able 
to read more quickly and understand more.” (P3). 

4.2 RQ2: How is browser redirection 
experienced by knowledge workers, as a 
means of intercepting procrastination 
behavior? 
Observation 3: The Aiki browser extension was 
largely invisible to the participants, while the learn-
ing environment afected the overall experience signif-
cantly. 

The majority of qualitative feedback from study participants was 
focused on Zeeguu as a learning environment, rather than Aiki. In 
most cases, participants were not aware that these were, in fact, 
diferent tools: 

In response to the survey question How was your 
general experience with Aiki?: 
“Only after 3 days of reading did I realize that I had to click on 
words to see translations [...]” (P3) 
“I found the selection of articles did not match my interest 
[...]”(P8) 
“I would have liked not to have to choose a text since I found 
myself looking for the shorter ones to read.”(P7) 

These quotes exemplify evaluations of Zeeguu, when the partici-
pants are actually asked about their general experience with Aiki. 
This is unsurprising, as Zeeguu was the main platform, partici-
pants interacted with - ideally, an Aiki-like extension should not 
be noticeable, but mostly facilitate the interaction with a diferent 
platform. 

Observation 4: When Aiki was evaluated, the evalu-
ation was generally positive. 

The general evaluation of Aiki was positive. In the post-experiment 
survey, the question “How was your general experience with Aiki?" 
received an average score of 3.7 out of 5 from Very negative to Very 
positive (with a distribution of zero participants responding 1, one 

responding 2, two responding 3, six responses of 4, and one score 
of 5 points). The survey question “Would you recommend Aiki to 
others?" yielded an average score of 7.9 out of 10, with only two 
participants scoring 3, and the rest from 6 and up. The positive 
traits of the application were described as, for instance: 

“It was seamless, fast, and didn’t get in the way” (P6, survey 
response). 
“It really helps to be more aware of the time we spend on time-
waste sites” (P10, survey response) 
“I was quite pleasantly surprised that I had the settings under 
my control [...], because I also adjusted it a bit as the study 
went on. I was a bit too ambitious in the beginning” (P7, 
interview). 
“I really liked it, and I thought it was great, so when I wanted 
to, like, often I thought, oh, I should go to YouTube so I can just 
read another two minutes [...] ” (P5, interview). 

Several participants described the continuous interceptions as pos-
itive reminders to devote time to learning, indicating that the ex-
change of time may conduce productive behavior change: “I have 
now started to seek out little things to learn Danish during my day, for instance 
started texting people in Danish rather than texting them in English, and I’ve 
started watching more Danish television. I think the fact of using the extension 
has just made me more aware that I need to train Danish during the day, and 
not only the two times a week I have my Danish class” (P3, interview). P1 
also described that it was practical to have learning opportunities 
constantly available at home, rather than having to actively go to a 
language class. 

Two participants (P5, P7) mentioned during their post-study 
interviews that they would have liked to continue using Aiki after 
the study, but that it was a nuisance for them to switch browsers 
for the purpose of the study (as described, the current version of 
Aiki works exclusively in Google Chrome). We interpret this as an 
indication that redirection directly in a browser has potential, but 
the extension should work across browsers, ideally. 

Observation 5: A redirecting browser extension has 
potential to improve focus and minimize distractions. 

Some of the participants mentioned that having to do language 
exercises before proceeding to a time-wasting site was sometimes 
enough of a source of inconvenience that they would rather not 
visit their time-wasting site at all, e.g.: 

“I knew I should be doing something productive [...], and then 
I decided it wasn’t really worth the efort [...] I guess the value 
of visiting the other website wasn’t ofset by, kind of, the cost 
you have to pay in learning some language. [...] I’ve used a lot 
of these tools before, and this was the most efective tool I’ve 
ever used for stopping distraction.” (P6, interview). 

This type of behavior is, of course, not conducive for microlearning, 
seeing as the participant avoids interacting with the learning envi-
ronment alltogether. However, the outcome, in terms of minimizing 
procrastination, was described as positive for the participant. 

In the survey, participants were asked the question “Did you feel 
like Aiki made you spend less time on your time-wasting sites?" 
(from 1 = Not at all to 5 = Very much so). The question received very 
diferent scores, with three participants selecting 1, one selecting 
2, one selecting 4, one selecting 4, and four selecting 5, an overall 
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average of 3.2 out of 5. Both 1 and 5 can be interpreted as a positive 
outcome depending on user preferences: “I visited them more often to 
use Aiki” (P5, survey response), “I think I used my procrastination sites 
just as much, because actually, I was looking forward to doing a bit of Danish 
before checking Facebook.” (P3, survey response). 

In terms of focus, one subject which was brought up by numer-

ous of the participants was the request of detection by Aiki of (or 
at least manual setting of) focus mode. Multiple participants experi-
enced being in the middle of work fow, and trying to visit one of 
their time-wasting websites as part of their work – this could be 
trying to send a message via Facebook, or looking for a video on 
YouTube. Interrupting work fow is of course not the intention of 
the extension, and also the reason that Aiki was designed with the 
possibility to be turned temporarily of for specifc URLs (Fig. 2b). 
However, this function did not appear to be used by participants 
during this study – possibly because the participants felt obliged to 
keep the extension active for the purpose of the study. 

During the post-study interviews, we asked the participants 
whether they ever ’circumvented’ the extension, for instance by us-
ing a diferent browser, by using incognito mode, or by using their 
phone to access specifc websites. The far most popular answer was 
using the phone to access the sites instead, and P2, P5 and P9 men-

tioned specifcally, that they would like the extension to work on 
their phone as well. Such a setup is obviously more complicated, as 
most people use apps to access diferent sources of procrastination, 
rather than the browser, and intercepting other apps would be a 
more complex challenge. It is, however, an interesting direction for 
further research. 

As a summary of this section of results and fndings, the answer 
to RQ2; How is browser redirection experienced by knowledge workers, 
as a means of interception procrastination behavior? appears largely 
positive; we could observe several reported advantages of using 
browser interception as a means of limiting or intercepting procras-
tination behavior, while the learning environment used in this case 
caused some negative efects to the experience. In the following 
section, we will report some of the specifc evaluations, criticisms, 
and suggestions we received from the study, as design implications 
for a browser extension designed to intercept time-wasting and 
promote microlearning. 

5 DISCUSSION: DESIGN IMPLICATIONS FOR 
A DISTRACTION INTERCEPTING 
BROWSER EXTENSION THAT PROMOTES 
MICROLEARNING 

In this section, we report more detailed fndings and suggestions 
about the design of the Aiki extension (or similar procrastination 
management systems), in an efort to make our results as useful as 
possible for other researchers. We received a large body of feedback, 
which we cluster mainly along the two research questions. 

5.1 Efects of Aiki on language learning (RQ1) 
In response to RQ1, we made two observations: 1: Overall, we ob-
served a slight improvement in language test scores after having Aiki 
installed for a 14 day period, and 2: The experienced improvement of 
language skills varied a lot based on types of exercises and interaction 

patterns. Although it is optimistic to attempt to improve language 
skills signifcantly over a period of only 14 days, the results are 
promising. Indeed, the overall language test score had improved 
from the pre- to post-study test mainly carried by the half the 
participants’ improvement score being signifcantly higher than 
the participants who barely improved their score or even achieved 
worse scores than before. Moreover, based on our data analysis 
there seems to be a signifcant correlation between the time spent 
reading and improvements in the fnal score. 

However, both the Zeeguu interaction patterns (Fig. 6b) and 
the qualitative reports from participants, tell us that some of the 
participants were not engaged by the mode of learning ofered in 
this experiment. One participant mentioned that because the mi-

crolearning became associated with additional work, they ended 
up avoiding the sites altogether: “At some point I was avoiding the 
Aiki-fagged sites just so I don’t have to read any Danish. (I guess it’s not 
something to be proud of)” (P7, survey response). When inquiring 
about this further in this and other participants’ post-study inter-
views, we discussed a design goal of designing the extension / 
learning environment to provide positive feedback in order 
to create positive associations with the microlearning tasks. 
We expect that in practice, in a non-experimental context, in which 
each learner can choose a learning environment that fts their in-
terests and learning style, the user involvement and the learning 
outcomes would be superior to what we could achieve with the 
fxed environment in this study. 

5.2 The participants’ perception of 
procrastination interception (RQ2) 

The second research question prompted three observations, of 
which we will focus on the implications to the design of Aiki: Ob-
servation 4: When Aiki was evaluated, the evaluation was generally 
positive, and Observation 5: A redirecting browser extension has po-
tential to improve focus and minimize distractions. 

5.2.1 Preventing procrastination: Carrot or stick? Reported benefts 
of the Aiki extension can be segregated into three types of outcomes 
or behavior change: 

(1) Increasing engagement with a diferent, productive 
behavior (facilitated by the learning environment), e.g. “I vis-
ited [the time-wasting websites] more often to use Aiki” (P5, survey 
response). 
“Once your application interrupted me and I read an article then I 
would not go to the [time-wasting] page.7 

” (P5, interview) 
(2) Preventing procrastination behavior, e.g. “It has efectively 

prevented me from wasting time a couple of times.” (P2, interview) 
“I decided [visiting the procrastination site] wasn’t really worth the 
efort [...] I guess the value of visiting the other website wasn’t ofset 
by, kind of, the cost you have to pay in learning some language. [...] 
I’ve used a lot of these tools before, and this was the most efective tool 
I’ve ever used for stopping distraction.”(P6, interview). 

7
This participant presents a situation which is even more than what we hoped for. We 
wished to “push” participants into completing a learning task before spending time on 
time-wasting websites. However, this particular participant did the learning instead of 
their originally planned leisure activity. If this efect can be achieved reliably even for 
a minority of users, such an approach would have a a great potential. 
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(3) Promoting refection on procrastination behavior, e.g. 
“Sometimes, typing the URL made me conscious that I was going to 
get redirected, and I stopped and returned to what I was doing” (P1, 
interview). 

The goal of Aiki was to either minimize unwanted procrastination or 
increase experienced productive behavior. Participants of the study 
seemed to have experienced the benefts of this approach in one of 
two general ways: as a carrot (the redirection as a desirable alterna-
tive to procrastination) or a stick (the redirection is an undesirable 
interruption that they would rather avoid). Interestingly, both the 
carrot and the stick approach are described as positive by diferent 
participants, cf. point 1 and 2 above. The carrot approach is closer 
to the aim of the design of Aiki, while the stick approach is similar 
to a conventional strategy of blocking distractions. 

Finally, several participants also described that the redirection or 
interruption prompted them to refect on their action to try to visit 
a diferent website than what was relevant to their current task, as 
described in point 3 above. This was also described as a beneft of 
the extension, irrespective of whether the following action was to 
continue the visit to the procrastination site or to abandon the visit. 

Based on these observed benefts, future implementations of the 
extension may contain diferent, specialized versions which 
cater to diferent types of users. Currently, Aiki is designed 
as an ultra-simple one-fts-all solution, but variations maybe be 
customized to users who prefer the carrot approach (making the 
learning environment as attractive or engaging as possible), the 
stick approach (making circumvention of the extension extra te-
dious), or increased refection on the user’s actions (perhaps asking 
open-ended questions about procrastination to the user, which has 
shown promise in the research by Tseng et al. [47]). We believe more 
user-targeted or customizable implementations of the extension 
are worth exploring. 

While several participants reported that it did help their focus 
and productivity to be intercepted by Aiki, some participants also re-
ported negative factors of the interruptions, particularly when they 
experienced being blocked while attempting to use a website when 
the website was actually necessary for productivity. Future designs 
of similar extensions might consider implementing modes, such 
as a focus-mode and a leisure-mode (either automatically de-
tected or manually controlled), where specifc websites are 
not intercepted. (One way of implementing this might be to have 
the extension detect multiple subsequent uses of the “Emergency 
skip"-button, and ofer the user to snooze the interceptions for a 
period of time.) 

5.2.2 Integrating a learning environment into a browser extension. 
Finally, in Observation 3: The Aiki browser extension was largely 
invisible to the participants, while the learning environment afected 
the overall experience signifcantly, we identifed some general po-
tentials to the design of a redirection model for managing procras-
tination. 

1: Creating interactivity between learning environment and pro-
crastination management tool. Most participants mentioned that 
reading articles was not sufciently engaging to be continuously 
satisfying as a main mode of language learning. Several participants 
requested more interactive exercises, and a higher degree of 
feedback from the learning environment. P2, P3, P5, P6, and 

P10 specifcally noted that “it would be good with more interactive 
and engaging learning experience”, and that they would have liked 
“more quizzes and feedback” to monitor their progress. Most online 
learning sites are already designed around interactive exercises 
and feedback on progress, e.g. Duolingo[15] and Codecademy[8]. If 
exercises or visualizations of learning progress could be integrated 
into the procrastination management extension, this might be mo-

tivational for users who prefer the “carrot" mode of procrastination 
management (as described above). 

2: Presenting the microlearning environment. Currently Aiki redi-
rects the user to a completely diferent website than their original 
intention. This may beneft some users, such as P5 and P6 who 
reported sometimes not visiting the time-wasting website after the 
language study session anymore. Being redirected to a diferent 
website may also be a disadvantage for some users: P6 described 
sometimes being so distracted by being sent to a diferent site that 
they completed a reading, closed the tab, only to remember that 
they meant to visit this another site – and was intercepted again 
when opening a new tab. One way to mitigate this is to explore 
a design where the microlearning opportunity appears as a 
window-overlay on top of the time-wasting site, which is sup-
ported by the fnding that microlearning within a procrastination 
environment appears to be more efective than directing the user 
to an external website [24]. In this way, the user may experience 
less distraction from the original intention, and it may be clearer 
that the microlearning task is only a short interception before the 
user can proceed to their desired site. 

3: Interrupting with task-limited rather than time-limited tasks. 
Some participants reported waiting for the timer to run out to 
proceed to their desired time-wasting page. P7 and P9 both sug-
gested to base the interruptions by Aiki on tasks to complete, rather 
than time to spend – meaning, progressing to the time-wasting site 
should be based on a form of conditional, rather than a set time 
frame. Participants 4, 5 and 7 all described picking the shortest 
text available in Zeeguu (i.e. “doing the minimal amount of work 
required"), because they considered each text one “task" that had to 
be completed, rather than a text they could read and abandon after a 
certain amount of time had run out. This suggests that task-based 
interceptions may make more sense to some users. This func-
tionality would require a tight integration between the extension 
and the learning website where the external website would have 
to “notify” Aiki that the learner had completed a learning task. 
Trusting the extension to automatically analyze the activity on 
the external website could be fragile and makes use patterns dif-
fcult to analyze. Microlearning environments which are possible 
to integrate with Aiki are potentially more attractive for research 
purposes, in that these give control over the exercises, the user is 
presented with. 

5.3 Summary of design implications: 
In short, we present a list of the design implications we discussed 
in this section. These are based on preliminary research with a 
novel design, which means that we have attempted to make them 
specifc enough to refect the fndings of this particular study, as 
well as general enough to be relevant for similar research. The 
design implications described in this section were: 
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• The learning environment should provide positive feedback 
about the completed tasks to avoid negative associations 
with the microlearning tasks. 

• Consider specialized versions of the extension which cater to 
diferent users, for instance with a focus on the carrot/stick 
or increased refection-approaches. 

• Consider implementing modes, such as a focus-mode and 
a leisure-mode (either automatically detected or manually 
controlled), where specifc websites are not intercepted. 

• The extension could motivate by interacting with the learn-
ing environment to provide feedback about the user’s pro-
gression and use statistics. 

• The microlearning opportunity might appear as a window-
overlay on top of the interrupted site. 

• Task-based interceptions may make more sense to some 
users than time-based ones. 

5.4 Limitations and future work 
We will continue the development of Aiki to explore these design 
implications in further practical experiments, and we invite peers to 
explore the Aiki extension themselves and to share their feedback 
with us: https://github.com/Aiki-Extension/Aiki. 

One of the most important future studies will be to investigate 
whether the extension provides value in a longitudinal perspective. 
Previous research has shown that productivity interventions tend 
to decline in efectiveness over time, as novelty efects wear of [25], 
and the results presented in this paper are limited to observations 
based on a short time scale. Because the redirection to any learning 
environment is easily changed, we hypothesize that the extension 
could continue to create value for a user over time. 

Another study that we plan to conduct in a longer term-

perspective is a comparison of time spent on “time-wasting" sites 
with and without the active extension. In the current study, we did 
not gather benchmark data about this - mainly because it is difcult 
to argue that data about time spent on specifc websites would be 
natural if participants were told that their use was being monitored, 
and we do not have access to the data without pre-installing a 
form of browser tracker. A future, longitudinal study will therefore 
investigate the efect of toggling the extension on and of during 
random time periods. 

As described in the methodology section, an early-stage study 
like this is benefcial in raising hypotheses (in the form of design 
implications) which will be tested in future redesigns. We hope 
that by sharing the results of this paper, we can encourage other 
researchers to conduct studies of diferent aspects of the extension, 
or to modify it to use in their own research. 

6 CONCLUSION 
In this paper, we presented Aiki – a Chrome browser extension 
designed to assist a user in exchanging procrastination for language 
microlearning. We tested the extension in a semi-controlled exper-
iment with 10 knowledge workers and summarized our fndings 
into fve observations, which were translated into practical design 
implications for Aiki and similar applications. Based on a two-week 
study, we conclude that redirection is an important alternative to 
blocking specifc websites, in terms of procrastination management. 

This type of extension, even in its preliminary version, has poten-
tial to both limit procrastination and increase engagement with 
productive sites in a lightweight manner. 

The design implications will hopefully provide a good foundation 
for better integration of learning environments with this type of in-
tercepting extension. While the results are preliminary and the par-
ticipant cohort is limited, our detailed investigation found positive 
indications that an intervention of this kind provides opportunities 
for successful microlearning and procrastination management. 

ACKNOWLEDGMENTS 
We would like to thank Gabriel Frejberg Agger-Nielsen, who 
worked tirelessly on all of our suggestions for this study as part 
of his master’s thesis. We also thank the anonymous reviewers for 
your highly constructive feedback. 

REFERENCES 
[1] Roobaea Alroobaea and Pam J Mayhew. 2014. How many participants are really 

enough for usability studies?. In 2014 Science and Information Conference. IEEE, 
48–56. 

[2] Liam Bannon, Allen Cypher, Steven Greenspan, and Melissa L Monty. 1983. 
Evaluation and analysis of users’ activity organization. In Proceedings of the 
SIGCHI conference on Human Factors in Computing Systems. 54–57. 

[3] Dorthe Bleses, Werner Vach, Malene Slott, Sonja Wehberg, Pia Thomsen, 
Thomas O Madsen, and Hans Basbøll. 2008. Early vocabulary development in 
Danish and other languages: A CDI-based comparison. Journal of child language 
35, 3 (2008), 619. 

[4] Carrie J. Cai, Philip J. Guo, James R. Glass, and Robert C. Miller. 2015. Wait-

Learning: Leveraging Wait Time for Second Language Education. In Proceedings 
of the 33rd ACM SIGCHI Conference on Human Factors in Computing Systems. 
ACM, 3701–3710. https://doi.org/10.1145/2702123.2702267 

[5] Carrie J. Cai, Anji Ren, and Robert C. Miller. 2017. WaitSuite: Productive Use of 
Diverse Waiting Moments. ACM Trans. Comput.-Hum. Interact. 24, 1, Article 7 
(March 2017), 41 pages. https://doi.org/10.1145/3044534 

[6] Nadire Cavus and Dogan Ibrahim. 2009. m-Learning: An experiment in using SMS 
to support learning new English language words. British Journal of Educational 
Technology 40, 1 (2009), 78–91. https://doi.org/10.1111/j.1467-8535.2007.00801.x 

[7] Nicholas J Cepeda, Harold Pashler, Edward Vul, John T Wixted, and Doug Rohrer. 
2006. Distributed practice in verbal recall tasks: A review and quantitative 
synthesis. Psychological bulletin 132, 3 (2006), 354. 

[8] Codecademy. 2020. Codecademy Homepage. https://www.codecademy.com/. 
Accessed: Sept, 2020. 

[9] Mary Czerwinski, Eric Horvitz, and Susan Wilhite. 2004. A diary study of task 
switching and interruptions. In Proceedings of the SIGCHI conference on Human 
factors in computing systems. 175–182. 

[10] David Dearman and Khai Truong. 2012. Evaluating the implicit acquisition of 
second language vocabulary using a live wallpaper. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems. ACM, 1391–1400. 

[11] Frank N Dempster. 1987. Efects of variable encoding and spaced presentations 
on vocabulary learning. Journal of Educational Psychology 79, 2 (1987), 162. 

[12] Tilman Dingler, Benjamin Tag, Sabrina Lehrer, and Albrecht Schmidt. 2018. Read-
ing Scheduler: Proactive Recommendations to Help Users Cope with Their Daily 
Reading Volume. In Proceedings of the 17th International Conference on Mobile and 
Ubiquitous Multimedia (Cairo, Egypt) (MUM 2018). Association for Computing Ma-

chinery, New York, NY, USA, 239–244. https://doi.org/10.1145/3282894.3282917 
[13] Tilman Dingler, Dominik Weber, Martin Pielot, Jennifer Cooper, Chung-Cheng 

Chang, and Niels Henze. 2017. Language Learning On-the-Go: Opportune Mo-

ments and Design of Mobile Microlearning Sessions. In Proceedings of the 19th 
International Conference on Human-Computer Interaction with Mobile Devices and 
Services (Vienna, Austria) (MobileHCI ’17). Association for Computing Machinery, 
New York, NY, USA, Article 28, 12 pages. https://doi.org/10.1145/3098279.3098565 

[14] Joseph S Dumas, Joseph S Dumas, and Janice Redish. 1999. A practical guide to 
usability testing. Intellect books. 

[15] Duolingo. 2020. Duolingo Homepage. https://www.duolingo.com/. Accessed: 
Sept, 2020. 

[16] Darren Edge, Elly Searle, Kevin Chiu, Jing Zhao, and James A. Landay. 2011. 
MicroMandarin: Mobile Language Learning in Context. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems (Vancouver, BC, 
Canada) (CHI ’11). ACM, New York, NY, USA, 3169–3178. https://doi.org/10. 
1145/1978942.1979413 

https://doi.org/10.1145/2702123.2702267
https://doi.org/10.1145/3044534
https://doi.org/10.1111/j.1467-8535.2007.00801.x
https://www.codecademy.com/
https://doi.org/10.1145/3282894.3282917
https://doi.org/10.1145/3098279.3098565
https://www.duolingo.com/
https://doi.org/10.1145/1978942.1979413
https://doi.org/10.1145/1978942.1979413
https://github.com/Aiki-Extension/Aiki


Aiki - Turning Online Procrastination into Microlearning 

[17] Forrest. 2020. Forrest – Stay Focused, Be Present (Homepage). https://www. 
forestapp.cc/. Accessed: Sept, 2020. 

[18] Freedom. 2020. Freedom - Block Websites, Apps, and The Internet (Homepage). 
https://freedom.to/. Accessed: Sept, 2020. 

[19] Gerhard Gassler, Theo Hug, and Christian Glahn. 2004. Integrated Micro 
Learning–An outline of the basic method and frst results. Interactive Computer 
Aided Learning 4 (2004), 1–7. 

[20] Nathan Hahn, Shamsi T Iqbal, and Jaime Teevan. 2019. Casual Microtasking: 
Embedding Microtasks in Facebook. In Proceedings of the 2019 CHI Conference on 
Human Factors in Computing Systems. 1–9. 

[21] Rosemary Harrison and Joseph Kessels. 2004. Human resource development in a 
knowledge economy. An organizational view. (2004). 

[22] Shamsi T. Iqbal and Eric Horvitz. 2007. Disruption and Recovery of Comput-

ing Tasks: Field Study, Analysis, and Directions. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing Systems (San Jose, California, USA) 
(CHI ’07). Association for Computing Machinery, New York, NY, USA, 677–686. 
https://doi.org/10.1145/1240624.1240730 

[23] Andreas Kirkedal, Barbara Plank, Leon Derczynski, and Natalie Schluter. 2019. 
The Lacunae of Danish Natural Language Processing. In Proceedings of the 22nd 
Nordic Conference on Computational Linguistics. 356–362. 

[24] Geza Kovacs. 2015. FeedLearn: Using Facebook Feeds for Microlearning. In 
Proceedings of the 33rd Annual ACM Conference Extended Abstracts on Human 
Factors in Computing Systems (Seoul, Republic of Korea) (CHI EA ’15). Association 
for Computing Machinery, New York, NY, USA, 1461–1466. https://doi.org/10. 
1145/2702613.2732775 

[25] Geza Kovacs, Zhengxuan Wu, and Michael S Bernstein. 2018. Rotating Online 
Behavior Change Interventions Increases Efectiveness But Also Increases Attri-
tion. Proceedings of the ACM on Human-Computer Interaction 2, CSCW (2018), 
1–25. 

[26] Kara A Latorella. 1998. Efects of modality on interrupted fight deck performance: 
Implications for data link. In Proceedings of the human factors and ergonomics 
society annual meeting, Vol. 42. SAGE Publications Sage CA: Los Angeles, CA, 
87–91. 

[27] Mircea Filip Lungu, Luc van den Brand, Dan Chirtoaca, and Martin Avagyan. 
2018. As We May Study: Towards the Web as a Personalized Language Textbook. 
In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems, 
CHI 2018, Montreal, QC, Canada, April 21-26, 2018. 338. https://doi.org/10.1145/ 
3173574.3173912 

[28] Paul P Maglio and Christopher S Campbell. 2000. Tradeofs in displaying periph-
eral information. In Proceedings of the SIGCHI conference on Human Factors in 
Computing Systems. 241–248. 

[29] Gloria Mark, Mary Czerwinski, and Shamsi T Iqbal. 2018. Efects of individual 
diferences in blocking workplace distractions. In Proceedings of the 2018 CHI 
Conference on Human Factors in Computing Systems. 1–12. 

[30] Gloria Mark, Shamsi Iqbal, and Mary Czerwinski. 2017. How blocking distractions 
afects workplace focus and productivity. In Proceedings of the 2017 ACM Interna-
tional Joint Conference on Pervasive and Ubiquitous Computing and Proceedings of 
the 2017 ACM International Symposium on Wearable Computers. 928–934. 

[31] Daniel McFarlane. 2002. Comparison of Four Primary Methods for Coordinating 
the Interruption of People in Human-Computer Interaction. Hum.-Comput. 
Interact. 17, 1 (March 2002), 63–139. https://doi.org/10.1207/S15327051HCI1701_2 

[32] Christopher A Monk, J Gregory Trafton, and Deborah A Boehm-Davis. 2008. 
The efect of interruption duration and demand on resuming suspended goals. 
Journal of experimental psychology: Applied 14, 4 (2008), 299. 

[33] Miikka Palvalin, Theo van der Voordt, and Tuuli Jylhä. 2017. The impact of 
workplaces and self-management practices on the productivity of knowledge 
workers. Journal of Facilities Management (2017). 

[34] Martin Pielot and Luz Rello. 2017. Productive, anxious, lonely: 24 hours without 
push notifcations. In Proceedings of the 19th International Conference on Human-
Computer Interaction with Mobile Devices and Services. 1–11. 

CHI ’21, May 8–13, 2021, Yokohama, Japan 

[35] Pasi Pyöriä. 2005. The concept of knowledge work revisited. Journal of knowledge 
management (2005). 

[36] Yuri W Ramírez and David A Nembhard. 2004. Measuring knowledge worker 
productivity. Journal of intellectual capital (2004). 

[37] Martin Schrepp, Andreas Hinderks, and Jörg Thomaschewski. 2017. Design and 
Evaluation of a Short Version of the User Experience Questionnaire (UEQ-S). 
IJIMAI 4, 6 (2017), 103–108. 

[38] SelfControl. 2020. SelfControl Homepage. https://selfcontrolapp.com/. Accessed: 
Sept, 2020. 

[39] Janet M Six and Ritch Macefeld. 2016. How to determine the right number of 
participants for usability studies. San Francisco (CA): UXmatters (2016). 

[40] StayFocusd. 2020. StayFocusd Twitter Homepage. https://twitter.com/stayfocusd? 
lang=en. Accessed: Sept, 2020. 

[41] Nurit Sternberg, Roy Luria, Susannah Chandhok, Brian Vickers, Ethan Kross, 
and Gal Sheppes. 2020. When facebook and fnals collide-procrastinatory social 
media usage predicts enhanced anxiety. Computers in Human Behavior (2020), 
106358. 

[42] Shun Takai and Kosuke Ishii. 2010. A use of subjective clustering to support 
afnity diagram results in customer needs analysis. Concurrent Engineering 18, 2 
(2010), 101–109. 

[43] John Thackara. 1997. Winners. How today’s successful companies innovate by 
design (1997). 

[44] Achmad Tohe, M Aliyudin Al-Ayubi, and Ali Maksum. 2019. Developing an 
Android-based Screen Lock Application for Arabic Vocabulary Enrichment of 
the Tenth Graders at the Madrasah Aliyah. KnE Social Sciences (2019), 400–408. 

[45] John P Trougakos, Daniel J Beal, Stephen G Green, and Howard M Weiss. 2008. 
Making the break count: An episodic examination of recovery activities, emo-

tional experiences, and positive afective displays. Academy of Management 
Journal 51, 1 (2008), 131–146. 

[46] Andrew Trusty and Khai N. Truong. 2011. Augmenting the Web for Second 
Language Vocabulary Learning. In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (Vancouver, BC, Canada) (CHI ’11). ACM, New 
York, NY, USA, 3179–3188. https://doi.org/10.1145/1978942.1979414 

[47] Vincent W.-S. Tseng, Matthew L. Lee, Laurent Denoue, and Daniel Avrahami. 
2019. Overcoming Distractions during Transitions from Break to Work Us-
ing a Conversational Website-Blocking System. In Proceedings of the 2019 CHI 
Conference on Human Factors in Computing Systems (Glasgow, Scotland Uk) 
(CHI ’19). Association for Computing Machinery, New York, NY, USA, 1–13. 
https://doi.org/10.1145/3290605.3300697 

[48] Rajan Vaish, Keith Wyngarden, Jingshu Chen, Brandon Cheung, and Michael S 
Bernstein. 2014. Twitch crowdsourcing: crowd contributions in short bursts of 
time. In Proceedings of the SIGCHI Conference on Human Factors in Computing 
Systems. 3645–3654. 

[49] Tricia Wang. 2013. Big data needs thick data. Ethnography Matters 13 (2013). 
[50] WasteNotime. 2020. Homepage. https://www.bumblebeesystems.com/ 

wastenotime/. Accessed: Sept, 2020. 
[51] Steve Whittaker, Vaiva Kalnikaite, Victoria Hollis, and Andrew Guydish. 2016. 

’Don’t Waste My Time’ Use of Time Information Improves Focus. In Proceedings 
of the 2016 CHI Conference on Human Factors in Computing Systems. 1729–1738. 

[52] SungHyuk Yoon, Sang-su Lee, Jae-myung Lee, and KunPyo Lee. 2014. Under-
standing notifcation stress of smartphone messenger app. In CHI’14 Extended 
Abstracts on Human Factors in Computing Systems. 1735–1740. 

[53] Huaiyi Zhao, Jie Liu, Jiahao Wu, Kaiyu Yao, and Jin Huang. 2018. Watch-Learning: 
Using the Smartwatch for Secondary Language Vocabulary Learning. In Proceed-
ings of the Sixth International Symposium of Chinese CHI (Montreal, QC, Canada) 
(ChineseCHI ’18). Association for Computing Machinery, New York, NY, USA, 
108–111. https://doi.org/10.1145/3202667.3204037 

[54] Jing Zhou and Inga J Hoever. 2014. Research on workplace creativity: A review 
and redirection. Annu. Rev. Organ. Psychol. Organ. Behav. 1, 1 (2014), 333–359. 

https://www.forestapp.cc/
https://www.forestapp.cc/
https://freedom.to/
https://doi.org/10.1145/1240624.1240730
https://doi.org/10.1145/2702613.2732775
https://doi.org/10.1145/2702613.2732775
https://doi.org/10.1145/3173574.3173912
https://doi.org/10.1145/3173574.3173912
https://doi.org/10.1207/S15327051HCI1701_2
https://selfcontrolapp.com/
https://twitter.com/stayfocusd?lang=en
https://twitter.com/stayfocusd?lang=en
https://doi.org/10.1145/1978942.1979414
https://doi.org/10.1145/3290605.3300697
https://www.bumblebeesystems.com/wastenotime/
https://www.bumblebeesystems.com/wastenotime/
https://doi.org/10.1145/3202667.3204037

	Abstract
	1 Introduction
	2 Related Work
	2.1 Blocking Distractions
	2.2 Microlearning for Vocabulary Improvement
	2.3 Finding Opportune Moments and Contexts for Microlearning

	3 Experiment
	3.1 Microlearning Environment: Zeeguu
	3.2 The Design of Aiki
	3.3 Subjects
	3.4 Experiment Setup and Execution
	3.5 Data Analysis

	4 Results and Findings
	4.1 RQ1: Can we show an effect on language learning, using regular, time-limited micro-interactions (microlearning)?
	4.2 RQ2: How is browser redirection experienced by knowledge workers, as a means of intercepting procrastination behavior?

	5 Discussion: Design Implications for a Distraction Intercepting Browser Extension That Promotes Microlearning
	5.1 Effects of Aiki on language learning (RQ1)
	5.2 The participants' perception of procrastination interception (RQ2)
	5.3 Summary of design implications:
	5.4 Limitations and future work

	6 Conclusion
	Acknowledgments
	References



