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Abstract

An important aspect of language learning is reading texts written in the learner’s second
language (L2). However, reading can be a daunting task for language learners, as text may
contain a large amount of unknown vocabulary. We developed a gaze-informed application
that has the ability to augment articles with information about the text during reading, dy-
namically providing overlaid captions – or glosses – interlinearly, in the right margin, and
a combination of both glosses. To test the usability of each type of gloss, we ran participant
studies (N=19) with French learners where marginal glosses led to an increase in vocabulary
matching scores (p<.01). We found that gloss positioning preferences mainly depend on
L2 proficiency, with intermediate learners preferring marginal glosses and beginner learners
preferring interlinear and combination of both glosses. Overall, participants all found that
glossed text was helpful, but personal goals and L2 proficiencies affected gloss preferences.
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1 Introduction

Second language acquisition (SLA) differs from children learning their first language (L1).
By definition, a second language (L2) learner is a learner who already has formed metalin-
guistic awareness of how languages work and can engage in problem-solving tasks. So, in
situations where a learner is given a sentence with an unfamiliar word or lexical unit, if they
had prior knowledge of what the text is about or knows a language within the same lan-
guage family, they could make guesses at the meaning of the word, despite never having seen
that word before. They may also apply grammar rules in one’s first language when speaking
their second language. Some researchers have suggested that cognitive maturity and met-
alinguistic awareness can interfere with the learning process of older learners. For example,
the English verb “demand” and the French word “demander” both share a common Latin
root, however in contrast to its English meaning, in French “demander” means to “request”
or “ask a question” [57].

The path toward gaining a more extensive vocabulary in one’s second language is arduous
and requires learners to interact with new content continuously. The content can be in the
form of movies, music, people, books, and news. Prior works by Krashen [53] suggest that
reading for pleasure is one of the best sources of vocabulary growth. However, reading in
one’s L2 can be daunting for language learners, especially if the text involves a large amount
of vocabulary beyond the reader’s scope of knowledge. Therefore, to assist learners with vo-
cabulary acquisition and reading comprehension, past work has explored augmenting the
text with glosses, which are help texts which contain information on words via definitions
or synonyms [81]. Traditional glosses are limited by the boundaries of static paper and most
commonly appear at the end of the text as glossaries or as separate paper handouts; however,
in comparison, the digital text allows formore dynamic interactions and text augmentations.
Digital texts that can be augmented with glosses can span from online articles to video sub-
titles, and glosses can come in images placed in the sidebar or pop-up windows. In many
existing systems, the glosses can be interactive and triggered by a mouse click or static and
shown at all times on the screen. Such technology exists as web extensions on personal com-
puters as well as e-readers and tablets.
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1 Introduction

The acquisition of a new language serves various purposes, ranging from practical rea-
sons such as moving to a new country to personal enrichment [35]. Regardless of the initial
motivation, language learners should acknowledge that there is an inseparable relationship
between language and culture. Culture gives languages context and gives words broader
meanings. Successful language learners recognize that language is not just a tool for com-
munication but also a reflection of a community’s values, beliefs, and customs. Thus, learn-
ers need to interact with native materials–which are materials authored by and intended for
native L2 speakers– as it provides them with a cultural context of the norms and conven-
tions [89]. Interacting with native content also allows the learner to find the content they are
interested in, which can motivate them to continue learning despite encountering learning
plateaus. Enjoyable reading experiences intrinsically motivate learners and lead to higher
reading comprehension [60]. To understand native content, however, learners need to be
able to read in their L2.

One of the reasons why learners do not interact directly with content in their L2 is due to
a lack of vocabulary knowledge [53]. When confronted with a large block of text, learners
may lose motivation to read it even if most of the vocabulary within the text is below their L2
level [54]. Additionally, manually selecting words and phrases within the text to look up in
a dictionary on the side is more work and may add to the already high cognitive load learn-
ers are experiencing while reading [24]. Therefore, we need a flexible system that implicitly
addresses learner needs and shows help when learners make explicit commands. Moreover,
there needs to be a more thorough exploration of where to position glosses to not hinder the
reading process and aid the learner. This project explores how gaze can be leveraged in an
attentive application that takes implicit and explicit input from users to provide help while
reading in one’s L2.

1.1 Scope and purpose

Reading is a two-step process which requires two sets of skills, the first being lexical compe-
tency and the secondbeingphrasedecoding [80]. Thefirst step involving lexical competency
deals with understanding the meaning of individual words or phrases and relies heavily on
vocabulary knowledge in L2. The second step is one where learners use prior knowledge to
understand the meaning of the text and is dependent on the learner’s ability to derive sen-
tences from the lexical units and interpret themeaning of the text. There are variousmethods
inwhich technology has been used to aid the reading process. Tack et al. asserts that there are
three main ways technology is used to make reading for L2 learners more comprehensible:

2



1.1 Scope and purpose

input selection, input modification, and input enhancement [80]. Input selection is when
tools filter content that the reader can access and only allow the learner to read texts suitable
for their language level. Input modification generally involves translating or simplifying text
at word or sentence levels. Lastly, input enhancement refers to applications that help users
without modifying the content of the texts.

In this thesis, we focus on input enhancement reading assistance for beginner to interme-
diate adult learners of French. The choice of building a system to support French learners
is due to Canada being an English and French bilingual country, where French courses are
offered at every grade level in English-speaking provinces. One of the pervasive issues for
French language instructors in primary and secondary education in Canada teaching core
French is maintaining motivation among students [5]. As a result, adults who have gone
through the Canadian schooling system have taken French courses to a certain level, most
adults forget the French they are taught in primary and secondary school [18]. This de-
creased French knowledge, or language attrition, is often attributed to a lack of practice and
interaction with L2 materials [77]. Lightbrown et al. support this fact and state that to main-
tain basic L2 knowledge, learners must continue learning and interacting with materials in
their L2 [57]. Therefore, creating technology that encourages and enables learners to access
enjoyable reading material is necessary.

One of the ways to encourage people to continue learning their L2 is to assist people while
interacting withmaterials in their L2 by providing help for words and phrases in the text [80].
This thesis explores which gaze control method people prefer when using a gaze-enabled
reading aid and where to place the gloss to increase reading comprehension. We focus our
efforts on web-based text enhancement applications, however, the results can be generalized
to be used with tablet and mobile device usage. Much of the existing research in second
language acquisition (SLA) and computer-assisted language learning (CALL) focuses on the
vocabulary gained from using glosses. However, there is a lack of research on the overall
comprehension and preference for the presentation of glosses. Additionally, there has not
been a recent study on the usability of gaze as a method to control gloss display. This leads
to the following research questions, which this thesis addresses:

RQ1: What resources are available for language learning in French, and how can they be
leveraged to create informal, beyond-the-classroom, learning materials?

RQ2: Does the placement of computerized glosses affect perceived and measured reading
comprehension for L2 learners?

RQ3: What gaze intervention methods are most useful in attentive reading support applica-
tions for language learners?

3



1 Introduction

1.2 Overview of the thesis

To address the research questions, we designed a gaze-enabled reading aid with multiple
gloss options and tested its functionalities in a participant study. The following two chapters
provide background information for this thesis and provide an overview of works in SLA, L2
vocabulary acquisition, and eye tracking within the context of language learning. Due to the
use of a non-English language, the selection of off-the-shelf models and APIs was limited, so
in Chapter 4, we detail the methods and tools used to annotate the French text and extract
complex phrases. Then, in Chapter 5, the system design is described, including how gaze
inaccuracywas handled. Frompilot studies conducted using systemprototypes, we designed
a participant study to evaluate the system. In Chapter 6, the design of the participant study is
outlined along with its results. Following the results, the next chapter delves into an analysis
of evaluation results, how they tie with the research questions of this thesis and possible
future research directions. Finally, the last chapter concludes the thesis by overviewing the
lessons learned.

4



2 Second Language Acquisition

Language studies or language education is said to be the “biggest and best known” area of
studies within applied linguistics [51]. Second language (L2) refers to the second language
learned after one’s mother tongue, but it can also refer to any subsequent language learned
after childhood. Becoming fluent in one’s L2 requires not only vocabulary and grammar
knowledge but also other metalinguistic knowledge about the L2 and cultural knowledge of
how speakers use the language. The learning process for each individual is different, as there
exist individual differences which affect how a person learns. For example, their language
learning aptitude, learning style, personality, attitude, and motivation.

2.1 Learning plateaus

Past researchers have framed the process of SLAusing different perspectives like behaviourist,
innatist, cognitive, and sociocultural [57]. Furthermore, beyond research explaining how
people learn languages, there are works looking at how to quantify learner knowledge into
levels and how to move from one level to another. Generally, it is accepted that learners are
categorized into three levels: beginner, intermediate, and advanced. Moving from one level
to the next comes with difficulties, and learners encounter various problems as they advance
through their learning journey. For example, learners often experience learning plateaus,
where they do not feel like they are making progress with their learning. Richards [73] sug-
gests that the perceived plateau is due to mainly five reasons

1. There is a gap between receptive and productive competence.

2. Fluency may have progressed at the expense of complexity.

3. Learners have a limited vocabulary range.

4. Language production may be adequate but often lacks the characteristics of
natural speech.

5. There are persistent, fossilized language errors.

5



2 Second Language Acquisition

From a language instruction perspective, it is impossible to address all the reasons for the
intermediate plateau using a single instruction technique. Individual preferences of learners
also limit the types of content people consume and the learningmethods used. Formal class-
room instruction often will try to broaden the vocabulary knowledge of learners, however,
formal instruction alone does not provide enough practice and exposure to the L2. Thus,
formal instruction alone is insufficient for overcoming plateaus, so learners need to seek
out informal learning methods, such as reading, to supplement their learning [73]. Read-
ing extensively outside of formal language instruction has also been shown to be helpful in
increasing learner vocabulary. Studies have shown that an increase in vocabulary is directly
linked to an increase in fluency [54, 57, 73, 87], but increased exposure to one’s L2 also leads to
increased fluency [52]. Additionally, interacting with various types of texts, like news articles
and blog posts, increases the learner’s vocabulary range and helps connect the gap between
knowledge learned in the classroomwith native speech patterns [73]. However, learners may
not be incentivized to interact with content that they are not interested in. When given read-
ing assignments, learners prefer materials that personalize to their language proficiency and
cater to their interests [62]. In summary, extensive reading has been shown to increase vo-
cabulary in one’s L2, which could help learners become more fluent. Also, to increase one’s
motivation to read, we need to provide aid to texts that learners are interested in reading.

2.2 Reading in L2

Reading is a complex skill that requires not only processing and understanding a text’s vo-
cabulary but also semantics. As previously mentioned, reading is helpful in increasing flu-
ency in one’s L2 and a prominent figure in language learning, StephenD. Krashen, stated that
“[f]ree voluntary readingmay be themost powerful tool we have in language education” [54].

Light reading can bridge weaker readers whomay feel intimidated by long texts to readmore
frequently. Therefore having short reading material can help beginners become more com-
fortable with the act of reading in L2. Reading informal texts written by native speakers can
also help learners learn words used in day-to-day settings as 5000 of the most commonly
used words make up 95% of conversations and casual reading content (e.g., news articles,
blog posts, etc.).

2.2.1 Text modification

Modifying or augmenting text with additional information can be helpful for individuals
with poor reading abilities. Prior research has explored how educational tools can support
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adults with low literacy skills, and they found that providing summarizations, simplifica-
tions, elaborations, or explanations can help comprehension [30, 40]. Researchers in this
field have found that participants preferred elaborated text with multimedia help, including
images and audio. In SLA, studies have examined the effect of text complexity on language
learners, including comparing learner attitudes towards varying difficulty, simplified texts,
elaborated text, and translated text.

Yano et al. conducted a study with Japanese college students learning English using two
types of textmodification: simplified and elaborated. They found that although studentswho
read the simplified text performed higher than the group with elaborated text, the results
were not significant (t=1.26, p>.05). Still, simplification was shown to be better when ques-
tions asked for explicit information about the text, while elaboration improved performance
on inference type questions [87]. Tweissi investigated the effect of simplification level on
learner performance: syntactically simplified, lexically simplified, semi-simplified, and fully
simplified [82]. He found that all participants withmodified text performed better. However,
participants who interacted with the lexically simplified text outperformed all other groups
and the lowest performing group within the modified text was the participants with fully
simplified text. He concluded that too much simplification can reduce reading comprehen-
sion.

Chiang, building from Krashen’s Input Hypothesis, which states that “sufficient exposure
to comprehensible input is needed for SLA”, examined the effect of simplified versus elab-
orated text on reading comprehension for language learners. They conducted a study to
examine learner attitudes towards reading in their L2 at two difficulty levels: one above their
current level and one below their current level. Participants given texts below their knowl-
edge level reported more positive attitudes towards reading, while those who read higher
level text remained unchanged in their motivation [24]. Other works suggest that increas-
ing vocabulary range is hindered when learners only interact with content at their level or
lower [52, 53, 54]. Those works found that the highest learning gain occurs when learners
read content slightly higher than their current level and have help available to them. There-
fore, although it motivates readers to read simplified texts, it would be more beneficial for
learners to read the text slightly higher but have simplifications or help available.

2.2.2 Motivating learners to read

Previously, we’ve seen how learners generally prefer content catered to them, as it gives them
more motivation to read for pleasure. Lungu et al. found in a longitudinal study that provid-
ing learners with personalized articles from the internet and vocabulary practice increased
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2 Second Language Acquisition

the usage of learning applications outside the classroom [62]. Moreover, from their inter-
views with language instructors after the study, instructors argue that reading aid applica-
tions should be used with students with some basic knowledge of their L2 and the aid pro-
vided by the system does not need to be perfect for the students to use it. The instructors
mentioned that translations provided by the systemdonot need to be entirely correct because
incorrect translations may prompt the learner to do more research on the word themselves
actively. The importance of interest is further emphasized by Harackiewicz et al., who argue
that promoting interest createsmore engagement, motivation, and improves the learning ex-
perience for students [42]. Technology has also been used in language learning to enhance
the learning experience and attempt to address stagnation in learning by presenting teach-
ing material in different ways. CALL systems allow learners to move along the curriculum
at their own pace, and the most popular device used for CALL systems are computers [36].

Curating personalized learning materials for students is a complicated process to do man-
ually, thus, many reading applications work by modifying pre-existing text on the web to
use as learning material. Works like Anita [69] and CASSA [72] all leverage online text as L2
learning resources and provide users with simplifications and definitions of words. The next
section explores the types of text modification made to texts and how the modification can
aid L2 vocabulary acquisition.

2.3 L2 vocabulary acquisition

In relation to reading, the Input Hypothesis suggests that individuals gradually learn vocab-
ulary as they are repeatedly exposed to them. Although Krashen’s Input Hypothesis holds
to a certain extent, it is based on studies which have methodological problems and ignores
factors such as motivation and additional learning outside reading [26]. Extensive reading
and reading for pleasure can aid in L2 vocabulary acquisition, but the actual learning gain
from purely reading, without external help, is low. There are also various other methods to
learning L2 vocabulary, such as rote memorization, keyword technique, and semantic elab-
oration techniques [76]. The most studied vocabulary method is rote memorization, which
involves memorizing the L2 word and the L1 translation. Although it does not require deep
cognitive processing, it is the most straightforward and has been proven effective in writing
tasks and helpful for intermediate learners [76].
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2.3 L2 vocabulary acquisition

2.3.1 Influence of L1 use on L2 learning

Despite the parallels between vocabulary acquisition in children and adults learning a second
language, there is a difference because as children acquire new vocabulary, they also learn
about the world around them [57]. Learners learning a second language will often draw
upon linguistic and conceptual knowledge from their L1, and theymay utilize incorrect word
forms or grammar structures originating from their L1. When learners make errors in their
L2 due to L1 knowledge, that is called negative language transfer.

Shimabukuro et al. created a visualization tool which shows cross-linguistic errors made
by learners of each language using a hierarchical matrix [79]. Their visualization shows that
learners make more syntactic and grammar errors dependent on their L1 than lexical er-
rors. Additionally, some research suggests that reliance on their L1 as a bridge between their
cognitive process and L2 may hinder their learning progress. However, there are also works
which show that the errors made by learners are often unrelated to vocabulary but more due
to incorrect collocations [85].

The influence of L1 use during L2 vocabulary learning for adult learners is explored in
more detail by Liu in a study with first-year undergraduate students learning English. Liu
argues that even in classrooms where instructors shun L1 usage, L1 is inevitably part of an
adult learner’s learning process since thoughts and connections about the new vocabulary
will inevitably connect with their prior knowledge and assumptions about the world [58].

Therefore, providing translation equivalents benefits adult learners, as they are an easy and
efficient way of depicting the core meaning of a word.

2.3.2 Glossing

Through studies conducted in reading and language learning, it is clear that providing trans-
lations or help to learners during reading is valuable. Gloss is a term commonly used in
language learning to refer to a brief notation of the meaning of a word or wording in a
text. Glossed reading has been shown to increase even delayed posttest scores significantly
(p<.001) compared to non-glossed reading [86]. Before the popularization of computers,
glosses were often placed at the end of texts as glossaries and additional documentation to
refer to. Taylor argued for a shift of glosses to be digitalized due to speed and ease of use [81]

since online dictionaries did not require users to spend a lot of time looking up words. In
addition to exploring the learning gain due to different types of glosses, the effect of gloss
placement was examined by prior works.
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Figure 2.1: In-text gloss example used by Cheng and Good [23].

Figure 2.2: Multiple choice gloss example used by Rott et al. [75].

Types of glosses

Prior studies have tested various glosses, and the two main categories glosses fall into are
either non-interactive or interactive. Non-interactive glosses include glossaries (shown at
the end of the text, see Figure 2.4b), marginal (shown in the margins, see Figure 2.4c), in-
terlinear (shown between lines of text, see Figure 2.3), in-text (shown next to the word, see
Figure 2.1). These types of glosses existed before the existence of CALL systems, as they can
be shown on paper. Interactive glosses require learners to do an action to activate them. An
example of this is hyperlinked glosses (see Figure 2.4a) and computerized multiple-choice
glosses (see Figure 2.2). Hyperlinked glosses generally appear when users click on the word,
and multiple-choice glosses appear in the margin with multiple choices for the definition or
translation of the word to prompt amore profound cognitive process about the word. Yanag-
isawa et al. conducted a meta-analysis looking at all previous studies conducted comparing
different types of glosses and found that although all glosses improvedword recognition after
reading compared to non-glossed text reading (p<.037), there are performance differences
for each type of gloss [86]. Multiple choice glosses, hyperlinked, marginal, and interlinear
glosses led to significantly more significant learning gain in immediate posttest compared
to no-gloss conditions (p<.05) and with delayed posttest multiple-choice, hyperlinked, and
marginal reached significant improvements [86].

In addition to the different presentation of the glosses, there is also the consideration of
which language the gloss should be shown in, i.e., the learner’s L1 or L2. Taylor presented
previous studies where L2 help is rarely used when L1 help exists. In their meta-analysis,
he found that L1 glosses are the most effective mean to assist learners in accessing the most
significant amount of text [81]. Although, the downsides to using L1 glosses include a loss
of context, pragmatics, and confusion when languages do not have an equivalent phrase.
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Figure 2.3: Interlinear gloss from iDict [46]. (Used with permission)

Despite the disadvantages of L1 glosses, they are helpful for personal learning, Taylor ar-
gues [81]. Cheng and Good conducted a longitudinal study over two weeks that supported
L1 glosses by showing non-interactive glosses to students during the reading of English texts
and learner performance on delayed tests. They found that L1 gloss with L2 examples and
L1 in-text gloss resulted in the highest prolonged retention [23]. Additionally, the learner’s
language proficiency influenced gloss effects, with participants with higher proficiency per-
forming significantly better on vocabulary recall tests [23].

Computerized glosses

Interactive glosses can be easily implemented on computers, as digital texts can be aug-
mented as one reads. Glosses shown on the computer are often referred to as hypertext
glosses, hypertext annotations, hypermedia annotations, or computerized glosses. Many
extensions embedded within web browsers and mobile applications offer glosses for words
present in the text. Words with glosses are often bolded, highlighted, or italicized since stud-
ies show that readers retain vocabulary that is emphasized better [2]. However, some study
results suggest that invisible annotations, or not marking words that have annotations, al-
low users more freedom to consult meanings for specific vocabulary [2]. Overall, there has
not been a consensus on what is the preferred method of displaying vocabulary with glosses
or any standardization for best practice. For example Figure 2.4 shows systems that mainly
invisible annotations, while Figure 2.5 shows Lexi [13]where glosses are highlighted in green.

The type of help provided for texts also varies from system to system. Works likeAnita [69],

developed by Paetzold et al., provide text simplification and enhancement, including defini-
tions, synonyms, translations, and images to aid learners in reading in English. Glosses can
also be used outside the SLA context. For instance, CASSA [72] by Rello et al., a Chrome
extension that shows synonyms and definitions, was built to help people with dyslexia and
has the potential to be used for language learners. Rello et al. found that the extension was
helpful for those with dyslexia. However, their study size was small (n=5), and they did not

11
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Figure 2.4: Threemain types of computerized gloss positioning. (a) In-text pop-up, where (i) is from
a Chrome Extension called Zhongwen: Chinese-English Dictionary and (ii) is from a mo-
bile application LSATMax. (b) shows a glossary fromTOEFL IBT and (c) showsmarginal
gloss from FluencyTutor. (Fair use)

Figure 2.5: A screenshot from Lexi, a mouse click-controlled reading aid created by Bingel et al. uses
highlighting to show words that have glosses [69]. (Used with permission)
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2.3 L2 vocabulary acquisition

report in-depth findings. Robertson creates visual dividers for Finnish expressions. Finnish
is an agglutinative language, meaning multi-word expressions usually form sentences, thus
it is helpful to separate the different parts of an expression to highlight the different parts
and distinguish the headword from the rest. Text 2.0 by Biedert et al., mentioned in more
detail later, uses a similar technique and breaks up compound words into their morphemes,
prefixes, and suffixes [12].

Additionally, studies have also been conducted to examine the optimal position of com-
puterized glosses and found that most students prefer help to be displayed close to the word
that is being looked up [1, 2, 21, 22], examples of each type of gloss can be seen in Figure 2.4.
AbuSeileek first conducted a study with English L2 learners. He separated participants into
five groups: no gloss, right-hand sidemargin gloss, bottommargin gloss, gloss pop-up on the
right-hand side, and glossary. From this study, he found right side margin and bottom mar-
gin groups both outperformed the other groups [2]. Following this, AbuSeileek conducted
another participant study with five new groups, this time comparing in-text gloss, bottom
margin, right margin, a pop-up window in the margin, and no gloss. The best performing
group was the in-text gloss, followed by the right margin and pop-up window, which follows
his initial closeness theory [1]. Chen and Yen also investigated gloss positions for English L2
learners by comparing in-text, pop-up, and glossary, where the pop-up would appear near
the vocabulary in question. Their participant study separated users into four groups and ran
over six weeks, which involved a two-hour session per week. In their findings, the pop-up
format received the highest reading comprehension scores, followed by glossary conditions,
no annotations, and in-text [22]. Although prior studies show the benefit of each gloss po-
sition quantitatively through comprehension scores and vocabulary posttest, their studies
were conducted using between-group comparisons, meaning each condition group could
not test other systems and thus cannot compare the performance of other gloss positions.
Furthermore, there lacks a quantitative study of gloss position based on participant prefer-
ences.
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3 Eye Tracking for Language Learning

Eye tracking is a popular research tool in medicine and psychology, as it allows researchers
to study human gaze behaviour and patterns. Data collected from eye movement can be cat-
egorized into two types of movements: fixations and saccades. Fixations are pauses, usually
ranging from 100ms to 600ms, in the eyemovement on a specific area of the visual field and
occur in the eye’s foveal area. Saccades are rapid eye movement from one fixation point to
another and are used to piece together visual scenes. Currently available commercially avail-
able eye tracking technology typically only looks at foveal area and ignores the parafoveal and
peripheral area [45]. Although the foveal area accounts for visual acuity, it onlymakes up less
than 8% of the visual field [10]. Eye movements have been studied in various different con-
texts, including predicting native language using gaze movement [11, 55], predicting reading
comprehension from gaze behaviour [3], and differentiating learner proficiency using word
recognition tasks [14]. Much of the current research on gaze movement related to language
learning is done with learners with English as their L2, and there are studies conducted to
show multilingual gaze movement [55]; however, they are in the minority.

3.1 Gaze during reading

Within literature published using eye tracking in the linguistic field, the main areas of study
include auditory processing (listening), visual word processing (reading), and simultaneous
auditory and visual processing [27]. In this thesis, we focus on the visual word processing
aspect of eye tracking. Reading is a task that involves extracting and processing visual infor-
mation to decode what is contained within the text, and the foundation of skilled reading in-
volves quick and efficient processing. During reading, the window of perceived text is asym-
metrical around a fixation point and generally extends 3–4 characters to the left and 14–15
characters to the right for left-to-right reading [10]. When reading text in L1, people will
often not fixate on words that are 2–3 letters long and generally, complex and less frequently
seen words are fixated longer than simple and commonly seen words [71]. One of the pio-
neer psycholinguists who worked extensively with eye movement during reading was Keith
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3.2 Gaze in language learning contexts

Rayner. Rayner found that experienced readers do not look at every word in the text, and the
three significant factors that affect reading include frequency, length, and predictability [25].

Frequency refers to readers spending less time processing words that occur more frequently
in the language. The length of words affects the processing time, so longer words typically
required a longer processing time. Finally, more predictable words are skipped more, fixated
less, and refixated during regressions less often. Regressions refer to backtracking during
reading.

Since gaze can be used to estimate the skill level of a reader [14, 66], pairing it with knowl-
edge of gaze movement during reading can show us information about text difficulty, if we
have prior knowledge of the reader’s skill level [37]. Additionally, due to personal differences
during reading, eye movements can be used to create personalized reading help tools. For
instance, Jiang et al. explored how to use gaze data and facial expressions captured during
webcams to create personalized summaries of texts for readers [49]. Other than using web-
cams and stationary eye trackers, some research investigated the use of wearable eye-tracking
devices during reading [16].

3.2 Gaze in language learning contexts

Gaze features used in language learning contexts are similar to those used in reading since de-
tecting difficulty during reading can apply to individuals with low literacy skills and language
learners. Moreover, eye tracking provides a “rich moment-to-moment data source” [27],

which is helpful for SLA research. Within language learning, eye tracking data has been used
to examine vocabulary processing and learning, listening comprehension, syntactic process-
ing, written text production, reading comprehension, text-based computer-mediated com-
munication, oral communication, and data validation [56]. For example, some prior research
has examined the performance of modifying text presentation to reflect the reader’s cogni-
tive state [48] and the variation between how learners look at video captions based on their
L2 [84]. In this thesis, we focus on past works on L2 proficiency, detecting unknown words,
and applications that provide real-time help for learners.

3.2.1 Estimating L2 proficiency

Multiple prior studies have focused on estimating leaner L2 proficiency using gaze move-
ment. Most of the studies conducted used stationary eye trackers mounted at the bottom of
a monitor [6, 16, 50, 65, 88], while one gathered eye tracking data using wearable devices [7].

All the studies for estimating proficiency involve post-study analysis of obtained gaze data,
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and later sections will cover real-time gaze-responsive applications. To estimate L2 profi-
ciency, Bulling et al. found that fixation and blink duration are effective indicators for L2
proficiency, specifically, lower proficient readers have longer average fixation time than pro-
ficient readers [16]. Martínez-Gómez and Aizawa worked with SVM (support vector ma-
chines) and random forest-based models to categorize participants into low and high level
understanding [65]. From their experiment, they found the most influential features in pre-
dicting English skill and level of understanding include reading time, saccademedian length,
fixation mean acceleration, and fixation average.

Similarly, Karolus et al. ran a study with English L2 and German L1 participants and
found that lower proficient readers have longer average fixation than proficient readers [50].

Yoshimura et al. used gaze features to categorize learners’ English skills into discrete levels.
Using the participant’s TOEIC scores as their L2 level, they experimented with estimating
the participant’s L2 skills using an SVM classifier trained using total fixation duration and
total saccade velocity. TOEIC, or Test of English for International Communication, is an
international standardized test of English language proficiency for non-native speakers. It
is intentionally designed to measure the everyday English skills of people working in an in-
ternational environment. They found that the model could accurately categorize learners
into three categories (low, middle, high) with up to 90.9% accuracy, and the accuracy falls to
below 60% with any additional categories [88].

Following this, Augereau et al. attempted to predict the learners’ TOEIC score–which
could range from 10 to 990–based on eye movement during reading, with a fixed position
tracker. They found that total reading time, saccade velocity, saccade count, blink count,
scanpath length, and maximum saccade velocity were the most important features when
used in a machine learning model to predict TOEIC scores within 14.4 points from the true
value on average [6]. Augereau et al. also used mobile eye trackers to predict TOEIC scores,
and the main features used were average fixation duration, total number of fixations, sum of
duration, average saccade length, average saccade speed, and average saccade time [7]. They
were able to estimate TOEIC scores to within 36.3 points of the true value on average.

3.2.2 Detecting unknown words

Detecting when readers are experiencing difficulty while reading using machine learning
has been a topic of research for some more recent publications. For example, Gedeon et al.
investigated using neural networks and fuzzy output error to predict reading comprehension
scores from gaze data [34]. Reading comprehension of the entire article sometimes first lies
in understanding individual vocabulary in the text. As prior research in SLA has shown,
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vocabulary knowledge is one of the most important aspects of L2 fluency [54, 57, 73, 87] and
eye movement can give insight into cognitive processing, gaze can be used to detect when
a learner is having difficulty, and interventions could be made. Garain et al. attempted to
categorize eye movement features that can be used to detect reader-specific difficult words
using machine learning-based classifiers like SVM, RNN (recurrent neural network), and
random forest [33]. To improve eye-tracking accuracy, they added a line id to each line of
text to improve vertical eye-tracking error. Similarly, Hiraoka et al. used SVM with RBF
(radial basis function) kernel with gaze features as input, but their results did not lead to
large improvements in accuracy or F-measures [43]. Gaze features that they found had a high
correlation with word-level difficulty are word rarity, word length, max gaze duration, first
gaze duration, and total gaze duration. Some researchers have noted the lack of accessibility
of commercial eye trackers and proposed utilizing webcams as a source of gaze data [28].

Ding et al. used a combination of gaze data extracted from webcam footage and linguistic
information about the text to extract unknownwords using anNLPmodel. Theirmodel uses
multiple LSTM layers [78], RoBERTa [59], and large amounts of data passed into a binary
classifier to determine whether the word is known or unknown, making it unsuitable for
real-time use.

3.2.3 Gaze-enabled applications

Gaze-enabled applications refer to applications which use real-time gazemovement either to
explicitly control functions in the application or implicitly inform the system about user be-
haviour. An example of an implicit gaze-enabled system is the recommender system created
by Augereau et al., which follows their other work surrounding unknown word detection
for English L2 learners. Their system detects when users come in contact with an unknown
word and stores it within a dictionary, which is then used to find other articles with words
they have struggled with [8]. Their work uses the pedometer metaphor and applies it to text,
aiming to help users keep track of words and the number of words they have read. Other
works have also explored implementing glosses with text in multimedia. Fujii et al. utilized
movie subtitles and eye tracking to determine the English level of a learner. Their applica-
tion, SubMe, can estimate their comprehension of the movie and then use the estimated skill
level to implement pauses during video watching to provide a gloss of some words on top of
the subtitles.

Gaze-enabled applications that are relevant to this thesis and utilize explicit commands
augment text while reading based on gaze information [12, 44, 46, 68]. One of the first gaze-
enabled systems used for reading in English is iDict, created by Hyrskykari et al. [47] which
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Figure 3.1: Interface used byHo et al. to examine the difference in learner performance due tomargin
showing (a) paragraph-level translations, (b) sentence-level translations, and (c) word-
level translations [44]. (Used with permission)

provided L1 glosses in various languages to words while reading. Hyrskykari ran exploratory
studies comparing the performance of mouse click-based systems and gaze duration based
for triggering glosses in the text. She found that similar amounts of words were correctly
triggered (∼86%) in the gaze andmouse-only conditions, with less than 1%of gloss triggered
being false positives and the only system which led to a lower percentage of true positive
triggers was the combined version which used both mouse and gaze for triggering [46]. L1
glosses were shown interlinearly above the word, and glosses containing translations with
definitions were shown on the right side margin. Text 2.0 [12] by Biedert took inspiration
from Hyrskykari and developed an application that provides gaze-activated interlinear L1
glosses, bookmarking, word breakdown (similar to NiinMikäOli?! [74]), smart footnotes for
explanations, and a quick skim feature.

Other researchers who worked with text augmentation focused on more specific func-
tionalities. Ho et al. compared the use of word level, sentence level, and paragraph level
translations in the right margin triggered by gaze movement, the application interface can
be seen in Figure 3.1. Due to gaze accuracy constraints, they did not implement word-level
translations during their study. They found that there were no statistically significant dif-
ferences between each level of help, however, sentence level mapping led to higher learner-
perceived performance and understanding [44]. Okoso annotated difficult words in the text
and tracked the reading progress using the gaze movement of learners, their choice of track-
ing reading progress at paragraph and sentence level was due to inaccuracy of eye track-
ing [68]. Their reading aid focused on providing feedback on reading progress and showing
how well a learner has read by colouring each paragraph in the text with a different colour,
darker colours meant slow reading speed and light colours meant faster reading speed.
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Most of the existing research inNLP centers around English, and amongst those on language
learning, many focus on learning English as an L2. There does exist literature on learning
other languages like French, Spanish, and Portuguese; however, research in language learn-
ing research in for non-English accounts for less than 30% of published literature [80]. As
such, there is a lack of choices within readily available resources that can be used for the pur-
poses of this thesis. In this section, we describe the resources used to gather and annotate
French text necessary to test a reading aid application. In this chapter, we address research
question 1 (RQ1) and show the different types of resources available and how to use them to
analyze French text easily for language learning applications. We tested available resources
that can easily integrate with app development can help future researchers build a French text
processing pipeline to annotate online text automatically and estimate its complexity in real
time. A large source of online readingmaterial are in the form of news articles, we looked for
texts that were recently written and contain jargon commonly seen on popular news sites. In
this thesis, we compiled open-source French articles to annotate and evaluated them using
available French text complexity models. Furthermore, we show how we annotated the text
for our purpose of creating a reading aid that provides glosses for words and phrases.

Proficient user C2 Mastery
C1 Advanced

Independent user B2 Vantage
B1 Threshold

Basic user A2 Waystage
A1 Breakthrough

Table 4.1: CEFR levels to categorize learner’s L2 proficiency.
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CEFR NCLC
C2 12

C1 11
10*

B2 9
8

B1
7
6
5

A2 4
3

A1 2
pre-A1 1

Table 4.2: Comparison between the NCLC and CEFR levels.

4.1 French resources

In much of the literature surrounding language learning, there has been a lack of standards
used to measure the level of learners. With ESL, there are well-known and commonly used
English as an L2 standardized tests like the TOEFL that can provide a generalized level for the
learner, however with other languages, although standardized tests exist, because the level
needed to achieve sufficientmastery of the L2 varies, the research conducted is hard to gener-
alize across languages. Within Canada, there exists a French proficiency scale called niveaux
de compétence linguistique canadiens (NCLC) or Canadian Language Benchmark (CLB) in
English. This scale has a total of 12 distinct levels separated into three stages beginner (1-4),
intermediate (5-8), and advanced (9-12) [19].

Many of the recently published papers use the Common European Framework of Ref-
erence (CEFR) to measure the language level across different languages [50, 56, 80, 83, 86].

Therefore, to align this thesis with other commonly referenced work within language learn-
ing, we will be measuring learner proficiency in alignment with the CEFR. The CEFR level
separates L2 learners into 6 levels, A1 to C2, which can be regrouped into three broader lev-
els: basic user, independent user, and proficient user. Each level is further separated into
two, see Table 4.1, with a level given to 4 different dimensions: listening, reading, speaking,
and writing [29]. Refer to Table 4.2, for a comparison between CEFR and NCLC levels.

To obtain appropriate texts for our application, we combed through the websites provided,
various language learning applications (both web-based and mobile), available corpora, and

*For NCLC level 10, proficiency at this level can be considered partway between CEFR B2 and C1.
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websites with open-source text to find appropriate text. After obtaining the text, we worked
on finding appropriate datasets containing French words with their corresponding CEFR
levels. Thefinal part of the necessary data needed to complete text processingwas anAPI that
could give us the definition, examples, synonyms, and translations of the words we want to
create glosses for. Additionally, our application also wants to provide glosses for phrases and
idioms as they should be treated as one unit, therefore, we had to decide on the appropriate
translation API.

4.1.1 Search for appropriate text

With any language instruction, one must be aware of language variation between different
countries and communities who speak the language. We are working with French learners
within the Canadian context, so we hoped to obtain materials written for Canadian French.
We started by contacting the Centre for Canadian Language Benchmarks and other orga-
nizations that provide Canadian French education to new adult immigrants in Canada and
Canadian French learners. Here is a summary of the received recommendation from the
Centre for Canadian Language Benchmarks for online and textbook resources:

• Tutela1 (Canadian French) web resource funded by the government of Canada with
vocabulary practice, lesson outlines, and practice worksheet sorted byNCLC/CLB lev-
els for teaching adult newcomers focusing on teaching English and French as a second
language to professionals across Canada.

• Par Ici2 (Canadian French) exercise book and instructional guidebook developed by
Quebec teachers for self-paced learners containing listening, speaking, reading, and
writing exercises.

• Le Point du FLE3 (France French) website with CEFR level categorized practices with
links to listening comprehension and reading exercises using texts in poems, song
lyrics, and literature.

• Coerll by University of Texas4 (Various Languages) open educational resources and
practices for various languages, including French. However, the site has not been
maintained and many links for resources lead to unavailable sites.

1https://www.tutela.ca/PublicHomePage
2https://methode-parici.com/
3https://www.lepointdufle.net
4https://www.coerll.utexas.edu/coerll

21



4 Text Processing

Article No. Topic (FR) Topic (EN) Word Count
1 Pas de l’ours Grizzly Bear (dance) 543
2 Carnaval de Québec Quebec Winter Carnival 545
3 Courer indien Indian runner duck 542
4 Mont Saint-Michel Mont Sait-Michel 532
5 Dada Dada 536
6 La Dernière Licorne The Last Unicorn (film) 538
7 Lionel Messi Lionel Messi 542
8 Crise économique asiatique Asian financial crisis 539
9 Théodore Ier Lascaris Theodore I Laskaris 541
10 Plante carnivore Carnivorous plants 534
11 Maewo Maewo 545
12 Chatbot Chatbot 554

Table 4.3: Articles chosen from French Wikipedia and their total word count.

Although these resources are useful, most of the texts available on the sites were unavail-
able, too short, dated, or copyrighted. We looked to popular online news sources in Quebec
like Montreal Gazette, Le Journal de Montréal, Le Journal de Québec, La Presse, and Le
Devoir for articles to use. Due to legal reason, we chose to pursue other sources that were
explicitly open source. Newsela5, could have been another potential source for news arti-
cles labelled with corresponding CEFR levels, however, they only have corpora containing
English and Spanish texts. Project Gutenberg6 was considered, but the texts available in the
corpus consist of works with expired copyrights and do not suit the purposes of this project.
In the end, we opted to use French Wikipedia and chose 15 articles ranging from various
topics as texts used to test the reading aid application we built. The texts we chose were also
shortened to be similar length and take about 5-10 minutes to read. A word count of the
twelve chosen articles and their topic can be seen in Table 4.3. From now on, articles and
texts are used interchangeably to refer to Wikipedia articles.

4.1.2 French corpus with CEFR levels

From prior research in complex word identification (CWI) we know that lexical complex-
ity is subjective and from language learning research [38], there are many factors which can
affect a learner’s vocabulary knowledge. Although we do not aim to summarize the experi-
ences of every learner, we hoped to better determine a lexical unit’s complexity by using cor-

5https://newsela.com/
6https://www.gutenberg.org/browse/languages/fr
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4.1 French resources

pora annotated by non-native speakers or corpora derived from French language learning
material. Since we hoped to provide glosses for whole lexical units, including both phrases
and named entities, we hoped to find a dataset that annotated the complexity of words and
phrases. However, among the available datasets, none fit our needs perfectly, so we had to
rely on a conglomeration of different tools to provide the needed translation and complexity
evaluation.

We opted to use FLELex [32], where each entry in the FLELex dataset contains a lemma
(i.e., word), POS-tag, frequency in CEFR level, and total frequency in the source text. The
frequency in the CEFR level is approximated using French as a foreign language teaching
material. Pintard and François describe methods to combine expert knowledge with word
frequency information to infer the CEFR levels of words for French learners using different
machine learning algorithms like tree classification, SVM, and boosting [70]. The version
we use is the FLELex with CRF Tagger parts of speech, which contains 17,871 entries and
supports multi-word expressions. This version provides us with the best approximation of
complexity for words and short phrases, however, it lacks support for longer phrases. From
the text, more than 85.3% of the extracted and annotated words were singular words, while
the remaining 14.7% were phrases containing one or more words. We will describe how we
handle the complexity of longer phrases and named entities in future sections.

4.1.3 French text parsing

POS cataloguing, or POS tagging, is an important part of the NLP pipeline for text process-
ing. POS tagging involves allocating the POS tag to every word in a piece of text. There
are various methods for determining the POS tag of a word in a sentence. We tested two
methods for POS tagging in Python: nltk with StandfordPOSTagger7 and spaCy with a
Lemmatizer trained using fr_core_news_lg8. Through testing, we found that the tagging
abilities of both models performed similarly, but spaCy integrated with the entire text an-
notation process better, so it was selected for use.

4.1.4 French dictionary API

The adoption of reading through screen interfaces allows for learners to interact with the
text in additional ways, like looking up the meaning of a word using online material and re-
sources. Within language learning, online dictionaries can not only provide the definition of

7https://nlp.stanford.edu/software/tagger.shtml#About
8https://spacy.io/models/fr
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4 Text Processing

Figure 4.1: Pipeline used to process the text to filter out articles that contain words that overlap with
other articles and are too complex or too simple according to readability scores.

the word in one’s L2 but also translations of the word in L1. Many different online dictionar-
ies offer access to its large source of data, and many at a cost. For example, Le Robert9 which
Google uses as a primary source for definitions for French words can be accessed through a
monthly subscription. There exist large open source dictionaries like Wikitionnaire10 which
provide definitions and have API support which allows users to easily extract information
from the site itself. For French, there are over 1.9 million entries, however, although most
entries containing more than one definition the quality of definitions vary. Additionally, it
does not provide translations for the words or phrases looked up, so an additional transla-
tionAPI, likeGoogle’s googletransAPI, needs to be incorporated. Another option is using
APIs like Lexicala11, built by K Dictionaries, a multilingual dictionary that provides defini-
tions, synonyms, examples, and vocabulary translations. One limitation of using Lexicala
and similar APIs is the lack of support for multi-word and named entities, so an additional
translation API must be applied for missing lexical units.

4.2 Processing the text

To select and process the text into a format that can be used in the reading aid, we had
to first manually shorten the text to the appropriate length so that the content of the text
remains cohesive. Following, we preprocessed the text so that words, phrases, and named
entities can be extracted. The words and phrases were extracted to append other necessary
information to form a gloss, i.e. definitions and translations. In order to properly assess the
differences in performance of gloss positions, we need to have text that is similarly levelled yet

9https://dictionnaire.lerobert.com/
10https://fr.wiktionary.org/wiki/Wiktionnaire
11https://lexicala.com/k-dictionaries/
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4.2 Processing the text

Figure 4.2: Text preprocessing steps taken to extract words and formulate a dataset containing all the
words, POS tags, and word frequency ranking of single word vocabulary in the text.

contains different content. Therefore, after the extraction ofwords and phrases, we compared
vocabulary range, level, readability, and other features of the text to filter out the texts that
differed fromothers. Theoverall pipeline used to process the text for our application is shown
in Figure 4.1 and details of each step are described in the following section.

4.2.1 Preprocessing

Preprocessing text is an important part of an NLP pipeline, algorithms, and large machine-
learning models need text to be parsed and labelled before being used as inputs. Similarly,
for a reading aid application, the text needs to be preprocessed to extract and label the lexical
units we want to provide glosses for. Text preprocessing techniques vary depending on the
types of text that need to be processed, for example parsing through comments on social
media will be different from parsing through conference proceedings. There are commonal-
ities between all preprocessing techniques, including the previouslymentioned POS tagging,
and we will detail how we preprocessed the text in this section. The preprocessing process
we follow can be seen in Figure 4.2.

In this project, we used a preprocessing step to extract singular words from the text to
evaluate and compare the various articles, phrases and named entity extraction followed a
different pipeline which will be covered in depth in later sections. The first step to preprocess
the text is to tokenize it, this involves splitting the words in the text by space and creating
a vector of tokens containing singular or hyphenated words. The tokens were then set to
lowercase, and punctuation was removed, including the typical English ones provided by
string.punctuation in Python and additional ones present in the French text we utilized
«»-…“”–... Following the punctuation removal, stop words were removed using spacy’s
built-in French list, fr_stop. We also appended the following words to the list for removal
of non-essential words: -vous, -là, -t, xix, xv, xvii, xx, xxi, vi, s, xviii, xi, xiii. The tokens left
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word tag freq_a1 freq_a2 freq_b1 freq_b2 freq_c1 freq_c2 freq_total rank
ainsi ADV 42.53 249.17 543.04 436.88 524.97 1173.33 400.78 210

Table 4.4: Sample entry from FLELex CRF Tagger corpus with ranking appended.

after removing the stop words were then tagged with their POS tags and lemmatized, both
processed using spacy’s built-in tagger and lemmatizer.

The last step to extract singular vocabulary from each article text was to annotate each
word with its word frequency rank. This was accomplished by first sorting the FLELex
dataset by descending total word frequency (freq_total) and appending an additional col-
umn to contain a frequency rank (rank), a sample of the appended corpus can be seen in
Table 4.4. Each entry contains a word, POS tag associated with it, its frequency across dif-
ferent CEFR levelled texts, and its total frequency in French text overall.

4.2.2 Filtering the texts

Several features of the texts were considered when filtering out articles that would be in-
appropriate for our application testing. The basic word, or lexical, level features that we
considered included vocabulary overlap with other texts and the ratio of vocabulary CEFR
levels in each text. For readability, we followed the suggestion derived from Wilkens et al.
and evaluated the text using FABRA, a French Aggregator-Based Readability Assessment
toolkit [83]. FABRA evaluates text complexity over several dimensions: length, syntactic,
and lexical-based features.

Lexical differences between the texts

Using the words extracted from the preprocessing step, we were able to further filter and
separate words that would be useful to evaluate the complexity of each article. Since the goal
of extracting words is to compare the overlap between different articles, we filtered out words
which had a frequency ranking of less than 200. The same step was repeated for each article,
resulting in 12 lists of words, one for each text. Next, each list of words was compared with
the other articles and the overlap matrix, which can be seen in Figure 4.3. The number at the
intersection refers to the total number of words which appear in both texts.

Using the CERF level prediction model built by Pintard and François, we approximated
the number of words in each text belonging to the six different CEFR levels. The values were
made into ratios by dividing the total number in each level by the total number of words in
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4.2 Processing the text

Figure 4.3: Matrix showing the number of overlapping words appearing in two texts compared to
other shortened article texts.

Figure 4.4: Matrix with z-scores coloured using a diverging colour scale to show the differences in the
average number of words belonging to a CEFR level.
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Variable Category Description
LENsntWRD Length Number of tokens per sentence, including

punctuation
SYNposDET Syntactic Number of different POS types in the text, fol-

lowing universal guidelines
SYNdevNPHRS Syntactic Number of constituents
SYNdevHGT Syntactic Deepness of sentences in the text
SYNdevSUB Syntactic Number of words directly subordinate in the

dependency tree
LEXdvrWLC Lexical CTTR of all words in the text in lemma form
LEXdvrVSU Lexical UberIndex of verbs in the text in word form

Table 4.5: Linguistic features used for determining text readability for L2 French learners.

the text to obtain a ratio of each level over an article. For example, the equations used to
calculate the ratio of words at the A1 level are as follows,

n̂i,A1 =
ni,A1

ni,unknown +
∑C2

j=A1 ni,j

(4.1)

where i refers to the article number andni,unknown refers to the number of words not present
in the FLELex dictionary. Z-scores for each ratio were then calculated to find the divergence
from the average calculated using all the texts and calculated using the equation

zi,level =
n̂i,level − µlevel

δlevel
(4.2)

where µlevel is the average of the normalized ratio of each CEFR level per article and δlevel is
the standard deviation for each CEFR level. Figure 4.4 shows a colour-codedmatrix contain-
ing the z-scores of the ratios of words belonging to a CEFR level for each article. One thing
to note for the CEFR levels assumed in this step is that the accuracy of an automatic machine
learning-based estimation is between 50% to 70%when compared to expert labels [70]. Thus,
further testing must be done on the test to ensure that the texts are similar to readability.

Text complexity

In the previous section, we looked at word overlap and the overall ratio of complex words
to not complex words, however, these measures were to compare the chosen texts within
the smaller sample of text that we collected. In addition to basic lexical features like word
overlap and word complexity, there are various different features that affect the readability
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i 1 2 3 4 5 6 7 8 9 10 11 12
di 1.277 0.957 0.989 1.069 0.611 1.170 1.159 1.645 1.285 1.753 1.280 2.236

Table 4.6: Euclidean norm of complexity variables for each article.

or complexity of text. Generally, the complexity of a text is measured by its syntactic and
lexical complexity. Syntactic complexity refers to the difficulty of sentences in the text and
can involve counting the number of verbs per sentence or the number of complex noun
phrases. Lexical complexity refers to the variety of words occurring in the text and is com-
monlymeasured using the type-token ratio (TTR). TTR is the total number of unique words
(types) divided by the total number of words (tokens) in a given segment of language, as the
TTR ratio approaches 1 the lexical variety of the text increases.

FABRA is a toolkit that outputs several readability features that can help assess the com-
plexity of a piece of text, similar to automatic English readabilitymetrics evaluators like Coh-
Metrix [39]. The features that were evaluated to be the most important for determining the
complexity of text for French L2 learners are listed in Table 4.5 along with a short descrip-
tion for each feature. The length-based features which were seen to affect text complexity for
language learners include the length of each sentence. For syntactic complexity variables,
the number of different parts of speech present, the number of constituents present, and the
number of subordinate clauses. A constituent is a word or a group of words that function as
a single unit within a hierarchical structure. As for lexical complexity variables, two different
varieties of TTR were considered: CTTR [20] for all words in the text and UberIndex [4]for
verbs.

To account for all the features and compare them across multiple variables. Similarity
measures for texts generally compare two texts’ semantic similarity, however, in our case, we
want to compare the similarity of complexity features which are represented as numerical
values. Thus, to compare multivariate data across multiple texts we scaled each complexity
value, and used them to calculate the Euclidean norm for each article. The formula used was
as follows,

|di‖2 =

√√√√∑(
x− xmin

xmax − xmin

)2

(4.3)

where di is the Euclidean norm for article i, x is the value obtained from FABRA for the
variables listed in Table 4.5, and xmin and xmax is the minimum and maximum value across
all articles for that specific variable. The results of the Euclidean norm calculation can be
seen in Table 4.6.
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Article Topic
A Carnaval de Québec
B Lionel Messi
C Courer indien
D Crise économique asiatique
E Théodore Ier Lascaris
F Maewo
G Pas de l’ours
H Mont Saint-Michel

Table 4.7: Articles used to test the application.

Results after filtering

Articles 6, 10, and 12 were set aside due to their high overlap in vocabulary with other ar-
ticles, as seen in Figure 4.3. The overlap was calculated by taking the sum of all the overlap
values and filtering out ones with the highest values. Following, looking at the distribution
of word complexity by CEFR level, we noticed that article 6 had a lower ratio of A1 word, or
lexicon, compared to the other articles and higher intermediate (B) level words. Addition-
ally, article 10 has a much higher ratio of C1 vocabulary compared to the other texts, same
with article 12 in the C2 level. The final decision for which articles to exclude was made after
considering the linguistic features for language learner text readability. We found that the
Euclidean norm of article 5 (0.611), article 10 (1.753), and article 12 (2.236) diverged from
the average of 1.286 more compared to other articles. Therefore, using a combination of lex-
ical and syntactic features to compare the texts, we filtered out articles 5, 6, 10, and 12. For
better integration with the reading application, we renamed the text files from numerical to
alphabetical, the final articles and their names can be seen in Table 4.7. Extra articles were
kept in case participants have prior knowledge of the topics covered in texts shown to them.

4.2.3 Word and phrase extraction

After determining which articles were to be used to test the application, we set forward to
extract the lexical units that will be annotated with glosses. From the preprocessing step, we
were able to extract singular words within each text. We considered filtering extracted words
to remove cognates. Cognates are words that have the same linguistic root as another, for
example, Spanish “atencion” and English “attention”. However, there also exist false cognates,
like “demander” mentioned in Chapter 1, which are words that are spelled similarly in two
languages but have different meanings. For example, “location” means rental in French and
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“location” means place in English. Therefore, due to the potential error which can arise from
users being unaware of false cognates, we decided to not filter out cognates in our system.

Oftentimes, a singular word does not represent what the author of the text intended, for
example, the word “pomme de terre” in French means “potato” in English. Thus, for proper
annotation, it was necessary to look at surrounding words to extract phrases from the text.
This was done by first using spacy’s built-in noun phrase extraction tool that outputs noun
phrases as “chunks” using the command document.noun_chunks where document is your
text passed through an NLP model. Afterwards, a researcher with French knowledge manu-
ally sorted through extracted phrases and excluded the phrases thatwere simply a determiner
with a noun. Similar steps were taken to extract named entities from the text and had a re-
searcher sort through the extracted list to remove entries as needed. This step was necessary
as some named entities have direct English equivalents while some do not have translations,
for instance, “États-Unis” meaning “United States” as compared to “Célia” which is a name of
a person and has no equivalent translation. After extracting the words, phrases, and named
entities, we were left with three lists of words and phrases for each article, which will be used
in the text annotation step.

4.2.4 Annotating the text

The final annotation of the text to prepare it for the reading application was completed
through four steps, first, the noun phrases extracted using a machine learning model were
annotated, second, the named entities, third, the extractedwords, and lastly, the phrases were
manually marked. The entire process along with a sample sentence to show the text marked
at each step is shown in Table 4.8.

For our purposes, we enclosed the annotations between && symbols, the ampersand sym-
bol was chosen because it does not appear in the texts that we chose. We first started the
annotation process by using a Python script which would run through each article three
times; first to annotate the noun phrases, then the named entities, and finally the singular
words. To avoid double annotations of words and words in phrases, we first annotated all the
noun phrases obtained through the list generated by spacy. Following, we annotated all the
named entities that had direct translations and then the extracted words that were not part of
a phrase. Due to the lack of accurate phrase detection in French and resources to build and
run large complex models, we conducted manual annotations of additional phrases using
the output from the Python script.
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Annotation Method Example
spacy phrases Automatic Le port du rouge, les chansons carnavalesques , la

ceinture fléchée , et Bonhomme qui met dans l’am-
biance sont autant de traditions qui remontent aux orig-
ines du Carnaval de Québec.

Named entities Automatic Le port du rouge, les chansons carnavalesques , la
ceinture fléchée , et Bonhomme qui met dans l’am-
biance sont autant de traditions qui remontent aux orig-
ines du Carnaval de Québec .

Words Automatic Le port du rouge, les chansons carnavalesques ,
la ceinture fléchée , et Bonhomme qui met dans
l’ambiance sont autant de traditions qui remontent
aux origines du Carnaval de Québec .

Phrases Manual Le port du rouge , les chansons carnavalesques ,
la ceinture fléchée , et Bonhomme qui
met dans l’ambiance sont autant de
traditions qui remontent aux origines du
Carnaval de Québec .

Table 4.8: Steps taken to annotate the text with a sample sentence.
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4.2.5 Creating a dictionary for the glosses

The annotation of the text allowed us to obtain a text where phrases, named entities, and
words were enclosed by && symbols. Due to manual annotations, we were unable to com-
pletely automate the process of creating a dictionary database from the text, therefore we
created a separate Python script to extract the phrases, named entities, and words from the
annotated documents and create a dictionary entry for each. We used Lexicala to populate
the translation, definition, and example for words that exist within their database, a sample
can be seen here:

"syndiqués": {
"word": "syndiqué",
"fr": "syndiqué",
"en": ["join a union"],
"definition": "(inf. syndiquer) adhérer à un syndicat de
travailleurs",
"ex": "Elle s'est syndiquée à son arrivée dans l'entreprise.",
"level_freq": 3000,
"level_cefr": "b2"
}

To determine the word frequency rank we used the rank of the word in FLELex. For the
CEFR level estimation, we approximated the level by annotating the word with the level
where it has the maximum occurrence frequency. For entries that are not in the Lexicala
database, like named entities and phrases, we used the Google Translate API to find the
translation of it. The frequency rank was approximated by using an average of from all the
words present in the phrase, and the CEFR level was determined by the level of the high-
est levelled singular word in the phrase. Lexical units were extracted from each text and
combined into a single dictionary database containing 1624 entries.

4.3 Summary

Due to the lack of readily available resources in French compared to English, we needed to
find and process the text used for the reading application built. The main requirements that
we wanted from the text were that it must be French, cover various topics containing mini-
mally overlapping vocabulary, have a similar difficulty, and preferably bewritten inCanadian
French. We reached out to French learning centres in Canada and the CLB staff to request
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recommendations. Many of the recommended resources only provided curriculum guide-
lines and copyrighted texts, therefore were not suitable for our purposes. In the end, we used
shortened open-sourced text from French Wikipedia from 12 different topics for a total of
12 articles. For the sake of comparison during participant testing, we needed to evaluate
the texts and filter out articles that either contain too much similar vocabulary as others or
diverge from the average text complexity. We needed the texts to have a similar number of
complex words at each CEFR level and a similar readability rating. The overall process of
the filtering can be seen in Figure 4.1. The text similarity and complexity were evaluated on
a lexical and syntactic scale. To evaluate lexical similarity, we first looked at the number of
overlapping words between each article, then looked at the number of words belonging to
each CEFR level, and then the TTR values, obtained using FABRA [83]. Secondly, we com-
pared the readability of each article based on syntactic features like the number of POS tags
per sentence and the number of constituents. Finally, after obtaining the final seven articles
to be used in the participant study, as seen in Table 4.7, we annotated each one with words
that needed glosses and gathered the data for gloss information into a large dictionary. The
process of annotation can be seen at a high level in Table 4.8. The dictionary was stored as a
JSON file and populated using a combination of Lexicala and Google Translate API.
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This chapter goes through the design process for building a reading aid in French utiliz-
ing the processed and annotated text from Chapter 4. First, the various components of the
system are described, including the back-end server and the front-end interface with the dif-
ferent systems built for each gloss type. Following, we highlight the different gaze correction
methods employed by the system to improve the accuracy of gaze tracking including filtering
methods, variable offset based on screen position, andmanual adjustments options available
during the study. To build the system, we used an iterative design process where we first built
the system and then conducted pilot studies to test the system and receive feedback, then
based on the feedback implement any necessary changes. When referring to lexical units
which have glosses in this chapter, word and phrase will be used interchangeably to refer to
singular words and multi-word phrases.

5.1 Application components

The reading aid system is made up of a front end and a back-end, however, most of the
processing is done in the front end. A high-level diagram of the system can be seen in Figure
5.1. The back-end first obtains the gaze position, as pixel coordinate, from the Tobii eye
tracker and outputs the gaze data onto a console. The front-end interface is made up of
an article text display area alongside interlinear glosses and a right-side margin area that is
used to display margin glosses when available. Prior research has shown that interlinear and
marginal glosses are effective glosses for L2 learners [1, 2, 22, 86]. The front end first fetches
the gaze data asynchronously from a renderer process created by the back-end to the main
process for post-processing. Details on each post-processing step is presented later in this
chapter. The gaze point from the back-end is then transferred into themain app processing to
increase gaze position accuracy. The system first detects if a fixation or saccade has occurred,
and if a regression with large enough vertical shift has taken place, then the systemwill check
if a new line event has taken place. Otherwise, it will determine whether the system needs
to trigger a marginal gloss or an interlinear gloss. Marginal glosses are displayed after the
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Figure 5.1: System diagram showing how eye tracking data is processed where the gaze is shown in
the monitor on top as a translucent blue circle.

gaze point shifts into the right margin, and interlinear glosses are displayed after the fixation
duration exceeds some threshold value.

5.1.1 Back-end

The back-end of the reading application is made up of C# scripts which extract data from
the internal Tobii processor. Most eye tracking studies are conducted using eye trackers
that are able to sample at 60 Hz or higher [45]. During testing, we utilized commercially
available Tobii eye trackers 4C and 5. The Tobii 4C collects samples at 90 Hz and allows
users to access the interlaced gaze data at 90 Hz. In comparison, the Tobii 5 samples at 133
Hz, however, due to internal downsampling, the non-interlaced gaze data that is accessible
is at 33 Hz meaning the time interval between each gaze sample is 30.3 ms. The raw gaze
position containing the x-coordinate, y-coordinate, and attention boolean is extracted from
the Tobii internal processor, then the timestamp is appended before being printed onto a
console. The attention boolean is TRUE when the gaze position is on the screen that the eye
tracker is set up on, and FALSE when it isn’t. A sample data packet that is sent to the console
is shown here:
{ "timestamp":6930675.1383, "attention":"TRUE", "x":890, "y":2969 }
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Figure 5.2: Front-end interface for the system showing (a) the main text area with (b) interlinear
glosses shown on top of a previously glossed word and (c) the highlightedword but which
has (d) marginal gloss area shown on the right side. (e) The previous word and next
word which appears in the dictionary are shown above and below (f) the margin gloss
highlighted is for which is coloured green in the text.

5.1.2 Front-end

The front-end of the reading aid application was built using Electron1, which allows you to
build desktop applications using HTML, CSS, and JavaScript. The main interface is made up
of several components and is divided into two main areas: left-side text area and right-side
margins. In themain text area, the article text is displayed with linemasks for every line, and
interlinear glosses appear on top of the word or phrase after some threshold time. When the
gaze is on the main text, the margin glosses are invisible, only when the gaze shifts to the
right side margin are the glosses displayed. Marginal glosses displayed include two greyed-
out ones which are for surrounding lexical units and one for the most recently looked at
phrase which is emphasized with a coloured border. When the user shifts their gaze from
the margin back into the main text area, the phrase with the emphasized margin gloss is
coloured green. A labelled screenshot of the interface can be seen in Figure 5.2. Words or
phrases that have glosses aremarked by <span> tags inHTML and labelled with a numerical
ID for easy identification during post-processing.

1https://www.electronjs.org/
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Website Type Text width (px) Font size (px) Ratio
Medium Blog 650 14 46.4
Substack Blog 720 14 51.4
BBC News 713 16 44.6
CBC News 720 16 45.0
New York Times News 660 15 44.0
Reuters News 700 13 53.8

Table 5.1: Websites and their text width to font size ratio.

Text style and colour

The colour of the background and text play an important role during reading on computer
screens [41]. Prior studies have shown that dark characters on a light background are supe-
rior to light characters on a dark backgroundwhen the refresh rate is fairly high, like onmod-
ern monitors. Bauer and Cavonius found that participants scored 26% higher when answer-
ing questions about texts when the text was presented with dark characters on a light back-
ground [9]. We initially set our background to white (#FFFFFF) and text to black (#000000)
formaximum contrast. However, after running a few pilot studies, we received feedback say-
ing that reading and answering questions with a screen with such large contrast caused eye
strain. Therefore, in the final system, we changed the background colour towarmer off-white
(#FCFCFC) and the text to dark grey (#474747). The colour of themarginal gloss border and
interlinear gloss were set to a blue colour at the start. During a pilot study, it was mentioned
that the contrast between the blue and black was too distracting, so the colour of the gloss
were changed to a more muted green.

For font, we chose to use a sans-serif font, Verdana, as it was specifically created for com-
puter screens and has high readability for long text. Our font size was set to 21 points, similar
to Kuperman et al. [55]. To allow for spacing between lines to display interlinear glosses the
line height was initially set to 1.6, suggested by Hyrskykari [46], as opposed to a spacing of
1.5 which is standard in eye tracking [55]. However, during testing, we found the spacing to
be too small and set the spacing to 3 to increase the accuracy of the line detection algorithm.
The suggestion by Hyrskykari was made based on smaller screen sizes and a smaller font size
(18 points). Themain text width was determined after examining text width to font size ratio
of blog sites and news sites containing large blocks of text. A summary can be seen in Table
5.1. The width is set to 1000 px, thus the width and font size ratio is 47.6, which falls within
the average of news and blog sites used as reference.
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Figure 5.3: Interlinear gloss showing (a) the L1 gloss for (b) the L2 phrase in the text.

Interlinear gloss

Rote memorization involving mapping words from one’s L2 to L1 has shown to be more use-
ful for intermediate learners [76], who are part of the target audience for this application.
Additionally, L1 glosses have been shown by many prior works to be more useful to learners
than L2 glosses [23, 57, 58, 86]. Interlinear L1 glosses for words are shown on top of the word
using a smaller green font, shown in Figure 5.3. Glosses were created using a superscript
element in HTML, <sup>, and labelled with an ID matching the word glossed. The inter-
linear gloss fades as the user triggers more interlinear glosses, and the maximum number
of interlinear glosses shown at a time is 4. When the maximum number of gloss is shown
on screen, the earliest triggered one disappears. The gloss on the word is renewed when the
user’s gaze fixates on the word for a duration longer than a calculated threshold again.

For our system, we intended interlinear glosses to be activated using implicit gaze inter-
vention techniques, where the system detects automatically when the user is having difficulty
with a word and showing gloss. Prior studies have shown that gaze can be used to deter-
mine whether the reader is having difficulties or not by examining the fixation duration,
with higher fixation duration correlating to lower proficiency in L2 [6, 50, 88]. Therefore,
we chose to use dwell time to implicitly inform the system when the user is having difficul-
ties. We tested using CEFR levels and word frequency to calculate the threshold, however,
found that the estimation of CEFR level is not precise [70]. The word frequencies were ob-
tained from FLELex, as detailed in Chapter 4. The equation, adapted from Hyrskykari [46],
used to calculate the base threshold time to trigger intelinear gloss for word or phrase i to be
displayed based on the frequency of the word is as follows:

thi,base = thH + (freq(i)− wL)

(
thH − thL
wL − wH

)
(5.1)
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where thH and thL are the upper and lower boundaries for trigger fixation duration in ms,
wH and wL are the upper and lower boundaries for word frequency in FLELex. The lower
and upper boundaries for threshold time were initially set to 350 ms and 700 ms, respec-
tively, after pilot testing the system multiple times. The boundaries for fixation duration and
word frequency are calculated using previous word fixation duration and word frequency
of other triggered glosses, for additional personalization of threshold timing based on user
reading habits. The values are updated for every gloss trigger using Algorithm 1 and 2, both
assuming that the distribution of duration and word frequency should be a Gaussian normal
curve. In Algorithm 1, the input variable includes the word (w), gaze duration (gaze_dur),
previous lower and upper thresholds (thL, thw), and an array containing duration per char-
acters of previously glossed words (prev_durations). To re-calculate the threshold values,
the duration per character for the most recently looked at word (char_dur), the mean and
median of all previous duration per character with char_dur are calculated. Considering
the error margin for the eye tracker due to sampling error is 30.3 ms, if the mean (mu) falls
within one standard deviation (sigma) on both sides–or 70 ms away from the median– then
we shift the lower and upper threshold accordingly. We also take into account the threshold
falling to extreme values by setting limit values of the lower and upper threshold to 200 ms
and 400 ms, accordingly. The value 200 ms was chosen as the lower threshold because it is
the average fixation duration and 400 ms is double that value try to ensure that the fixation
is intentional. In addition, an upper boundary for the longest duration is set to 2000 ms.
A similar approach is taken to calculate the boundaries for word frequency, except instead
of per character duration, we calculate the mean, median, and standard deviation of word
frequencies. The input variables into Algorithm 2 are the frequency ranking of the word
(w.freq) and a list of frequency rankings of previously glossed words (prev_freq).

Additionally, two of themost important features used to determine aword’s complexity are
the word length and frequency in the language [46]. Therefore, the threshold for the duration
of fixation on a word to determine if the word is difficult to the user should be a function of
frequency and length. The previous equation takes into consideration the frequency, so we
introduced an additional length based term to increase the threshold time for longer phrases
since people tend to fixate longer on longer phrases,

thi = thi,base + 5× (length(i)− 8.25) (5.2)

where the length counts how many characters are in the word or phrase and 8.25 (σ=2.86)
is the average length of French words [63]. We are introducing an additional or subtracting
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5 ms per character above or below the average from the calculated base threshold. This was
necessary as we found during testing that long phrases were triggered almost instantly when
fixated upon. Finally, after all calculations, if a word’s frequency falls below thlow and above
thhigh then the threshold is set to the closest boundary.

Algorithm 1 Gaze fixation duration boundaries.
function getGazeDurationBoundary(wh, gaze_dur, thL, thH , prev_durations)

thL,min ← 200 . minimum time to trigger is 200 ms
thH,min ← 400
thH,max ← 2000 . maximum time to trigger is 2000 ms
skewed← True
while skewed and thL < thH do

char_dur ← length(w)/gaze_dur
mu← math.avg([char_dur, prev_durations])
median← math.median([char_dur, prev_durations])
sigma← math.std([char_dur, prev_durations])
ifmu > median+ sigma+ 35 ∗ 2 then

thL ← thL + 10
thH ← thH + 5

else ifmu < median− sigma− 35 ∗ 2 then
thL ← thL − 5
thH ← thH − 10

else
skewed← False

end if
if thL < thL,min then

thL ← thL,min

end if
if thH < thL,min then

thH ← thH,min

end if
if thH > thH,min then

thH ← thH,max

end if
end while
return [thL, thH ]

end function
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Algorithm 2 Frequency boundaries of seen glosses.
function getFreqBoundary(w.freq, prev_freq)

wL ← 300 . lower frequency bound from FLELex
wH ← 13000 . upper frequency bound from FLELex
skewed← True
while skewed do

mu← math.avg([w.freq, prev_freq])
median← math.median([w.freq, prev_freq])
sigma← math.std([w.freq, prev_freq])
ifmu > median+ sigma then

wL ← wL + 20
wH ← wH + 10

else ifmu < median− sigma then
wL ← wL − 10
wH ← wH + 20

else
skewed← False

end if
end while
return [wL, wH ]

end function
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Marginal gloss

We created marginal gloss as a way to test a explicitly gaze controlled reading assistance
technique. Marginal gloss were created in the application using D3.js2, which is a JavaScript
library used to produce dynamic and interactive data visualizations in web browsers. The
right-hand margin was chosen after consulting prior research which showed that for read-
ing in languages written from left to right, placing additional help on the right causes less
disturbance to readers [1, 2, 86]. The marginal gloss is created after the user looks at the word
or phrase in the text for at least 200 ms, which is the average fixation duration while reading.
To show the marginal gloss, the user needs to shift their gaze to the right margin, thus ex-
plicitly telling the system that they want help for a specific word. The marginal gloss for the
previous word and the word following the most recently looked at will be displayed within
greyed out boxes on top and below the most currently looked at word’s marginal gloss. The
display of previous and following words, gives users a preview of the next word they might
want help for and reviews recent content. Additionally, to help users keep track of their place
in the text when they shift their gaze away from the rightmargin, we colour themost recently
glossed word in green, shown in Figure 5.4. The colour is faded after another fixation event
occurs.

Initially, we considered including synonyms, translations, definitions, and example usage
as part of the marginal gloss. However, due to a lack of resources providing synonyms and
example usage for a sufficient percentage of the dictionary words, we decided to simply in-
clude translations for all words and definitions for singular words. The final design of the
marginal gloss can be seen in Figure 5.5. The highlighted gloss contains the word most cur-
rently gazed at in the text, a L1 translation, and a definition in L2. The combination of L1
translation and L2 definition has been shown to lead to increased learning gain when using
glosses [86].

5.2 Gaze correction

This application requires gaze position to be accurate and precise on the word level since
we are providing glosses for words in text while reading. The accuracy of eye trackers is
dependent on their sampling frequency and internal processing. Other than reducing causes
for optical artifacts (e.g. glares from glasses, reflections, shadows, physical obstructions)
during usage, post-processing steps can be taken after obtaining the raw gaze data to improve

2https://d3js.org/
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Figure 5.4: Margin glosses are triggered when the gaze is shifted into the rightmargin. For these three
images the gaze is shown in blue, (a) shows the gaze focused on entraîneur, (b) shows the
margin gloss activated when the gaze is shifted to the margin and the word highlighted in
green, and (c) shows the word glossed highlighted in green and the gaze back to the text.
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Figure 5.5: Marginal gloss showing (a) the L2word that the gloss is provided for, (b) the L1 translation,
and (c) the definition of the word in L2.

the accuracy including introducing an offset and reducing oculomotor noise [45]. As can be
seen in the system diagram, Figure 5.1, after the gaze is extracted from the back-end, it goes
through a gaze point detection process which involves first applying manual offsets, variable
offset, and gaze filtering. Additionally, we keep track of which line the user is on to ensure
that we are able to quickly detect which word they are fixated on, and when the algorithm
fails we provide methods for the reader to re-calibrate.

5.2.1 Offset adjustments

Introducing offset adjustments during post-processing steps can increase the accuracy of
gaze position. Hyrskykari found that eye trackers are inherently less precise in the vertical
direction when reading because the target (line-height) is oftentimes smaller than the width
of the target based on word length [47]. Therefore, in our system, we first have users make
manual adjustments at the start of the application. Theuser is shown a calibration screenwith
arrow buttons and text, allowing them to move their gaze point to where they are actually
looking, as shown in Figure 5.6. This offset is applied statically to the x- and y- coordinates
of the raw gaze points from the back-end.

During testing, we noticed that the gaze accuracy varied greatly depending on the screen
position and height of the user. Feit et al. and others previously showed that the tracking
quality of eye trackers deviates from numbers obtained in the manufacturer’s lab and varies
widely across different tracking conditions and users [31]. In terms of position-based preci-
sion, Feit et al. found that the gaze points weremost variable on the right and bottommargins
of the screen. We ran a similar test and collected gaze samples from three users staring at
evenly spaced out points on the screen. The screen was separated into six columns labelled
using numbers 1-6 and five rows labelled using letters A-E, as seen in Figure 5.7. The aver-
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Figure 5.6: Manual gaze calibration shifts users can use before starting the application to change the
gaze offset. (a) Shows the initial offset and (b) shows the gaze point after manual calibra-
tion.

Figure 5.7: Enlarged image showing the screen position of labels used for manual offset calibration.
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1 2 3 4 5 6
A -5.0 77.3 135.7 165.0 233.7 274.3
B 43.3 75.7 153.0 185.0 223.0 274.7
C 22.7 78.3 130.0 176.3 232.3 274.0
D 21.7 68.0 116.0 172.7 250.7 292.7
E 12.3 75.3 109.0 176.0 225.0 282.0

Table 5.2: The average horizontal offset in pixels.

1 2 3 4 5 6
A -69.0 14.7 -2.3 15.0 -5.3 -12.3
B 21.3 10.0 26.3 29.7 40.3 15.3
C 19.3 23.0 30.7 47.0 47.7 49.0
D 41.7 54.0 54.0 76.0 62.7 68.0
E 85.3 95.7 93.0 86.7 104.7 107.0

Table 5.3: The average vertical offset in pixels.

aged deviation based on the positioning in the horizontal direction is shown in Table 5.2 and
the vertical is shown in Table 5.3. Similar to Feit et al., the gaze points on the right columns
(5-6) on average varied 200 px horizontally to the right than the actual gaze location. While
the lowest row (E) averaged to more than 85 px lower than in the vertical direction. Using
the average offset from the collected sample, we calculated the variable offset adjustments by
calculating the average horizontal change (slope) in offset value as a function of horizontal
position, using a domain of [0,1920], where 1920 px is the width of the screen, and obtained
the following offset adjustment formula:

x = x− 0.09895× x (5.3)

Similarly, in the y direction, we calculated the average rate of change in the vertical offset
value as a function of vertical position, using a range of [0,1080], where 1080 px is the height
of the screen. Additionally, there is an additional vertical upward drift due to people’s reading
habits as they move horizontally across texts which has been noted by other researchers [25,

46, 71]. To account for that upward drift, we introduced a second term to adjust the vertical
offset which is dependent on horizontal gaze position. The formula obtained is as follows:

y = y − 0.1204× y − 0.0208× x (5.4)
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Figure 5.8: The raw gaze is shown in grey and the resulting filtered gaze is shown in yellow.

5.2.2 Gaze filtering

Gaze points after introducing offsets at this point are more accurate than the raw gaze data
obtained initially, however, gaze points contain jitters and microsaccades due to human’s
inherent oculomotor movements. Therefore, there needs to be a smoothing step applied to
the gaze points so that the gaze moves smoothly across the screen when users choose to
have their gaze visible. We use a weighted average filter followed by a saccade detector, as
suggested by Feit et al. [31]. Theweighted average filter computes the filtered point x̂t at time
t over the last N points,

x̂t =
N∑
i=0

wi∑
j wj

· xt−i (5.5)

where xt−i is the point at time t− iand wi∑
j wj

is the corresponding normalized weight. The
weight wi is calculated by assigning a weight of 1 to the least recent point (N ), 2 to the next
point (N − 1), and so on such that wi = N − i + 1. From testing with an eye tracker
running at 60 Hz, Feit et al. determined that the optimal window size (N ) for horizontal and
vertical should be set to 36 and 40. Due to the lower sampling frequency, we set our window
size to 15 and 19 for horizontal and vertical, respectively. Saccade detection can be used to
extend the weighted average filter, it defines a threshold s used to detect saccades so as long
as the distance between successive gaze points is larger than s. We used a threshold of 0.7
cm, which correlates to 26 px. The results after passing the raw gaze points through the filters
is shown in Figure 5.8.
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5.2.3 Word detection

Generally, during reading, readers read through one line at a time, sequentially, with occa-
sional regression to previous lines [25]. Initially, we used a large loop to check which word
the user was looking at by checking all the possible words shown on the screen, however, this
caused lags and errors due to insufficient processing power. To narrow down the number of
words processed for every fixation, we took inspiration from iDict [46], where the system
keeps track of the line the user reads, as shown in Algorithm 3.

Algorithm 3New line detection algorithm.
function newLineEvent(x, y, current_line, allRawFixations)

min_y_shift← 0.15
max_forward← 5
max_regression← 10
width← getTextWidth(current_line)
height← getTextHeight(current_line)
margin_left← left(margin)
N ← length(allRawFixations)
if current_line > 0 and N > 0 then

x_shift← allRawFixations[N ].x− allRawFixations[N − 1].x
y_shift← allRawFixations[N ].y − allRawFixations[N − 1].y
if allRawFixations[N − 1].x < margin_left and x_shift < 0 and

math.abs(y_shift) > min_y_shift ∗ height then . Regression with large enough
vertical movement occured

weight← 0.5 . line mask size increase by 50% at the start
if y_shift < 0 then . Backward movement

start← current_line+ 1
end← current_line+max_forward

else . Forward movement
start← current_line−max_regression
end← current_line

end if
current_line← setCurrentLine(x, y, start, end, weight) . Algorithm 4

end if
end if
return current_line

end function

To keep track of the line, we implemented a new line detection algorithm to keep track
of the line. The input variables to this algorithm include the gaze position as coordinates
(x,y), the current line number (current_line), and an array containing the unfiltered raw fix-
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Figure 5.9: The influence of weight value on the size of the line height window, (a) shows a line height
increased by a weight of 0.5, (b) shows a line height increased by a weight of 0.25, and (c)
show a line height increased by a weight of 0.

ation coordinates (allRawFixations). A new line event is detected when the horizontal
difference between the previous and most recent fixation is negative, meaning a regression
has occurred. We initially introduced a horizontal threshold for the saccade, where new line
events are only triggeredwhen the horizontal regression exceeds 60%of the linewidth. How-
ever, during testing, it caused errors because there would be accidental fixations between line
changes causing inaccurate new line detections. People often paused in the middle of a line
before moving from the end of the previous line to the start of the next line. We found that
having the program trigger the detection after a regression worked more accurately in deter-
mining which line the user was on. Due to the risk of triggering a new line detection when
people regress to read previous words on the same line, we detect if a large enough vertical
shift (y_shift) has occured. The combination of a regression (x_shift<0) and sufficiently large
vertical shift triggers the new line detection algorithm to detect which line the user is on.
So, if we suppose the vertical distance between the previous and newest fixation is negative,
then the user is reading a previous line and we start detecting from the current line minus
the maximum possible line regression based on the number of lines visible on the screen
(max_regression). If the vertical distance is positive, we start looking for their line starting
from the current line plus one. The algorithm uses Algorithm 4 to set the new current line
number and uses the variableweight to increase the height of the linemask used to detect the
line. In the new line detection, more weight is given to the lines nearby themost current line,
as they are the most likely to be read next. In the new line detection algorithm the weight is
initially set to 0.5, meaning that the window for detecting the next line is increased by 50%,
see Figure 5.9 for a visualization. Moreover, after scroll events and when the user presses the
keyboard button F, the line the user’s gaze is on is re-detected using Algorithm 4 withweight
set to 0.
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At the word level, when people fixate upon a word or a point on the screen, that fixation
is often made up of multiple fixations, with small saccades in between. Thus, we need to
create a word boundary box which allows room for error, Buscher et al. suggest extending
the target area to at least 50 px by 50 px [17]. In the application, each word with a gloss has
a 30 px margin extending on all sides to accommodate for shifts in fixations.

Algorithm 4Detecting and setting the current line.
function setCurrentLine(x, y, start, end, weight)

current_line← start
for idx← start, end do

if isOnLine(x, y, idx,weight) then
current_line← idx

end if
if weight > 0 then

weight← weight−math.abs(1/(end− start))
end if

end for
return current_line

end function
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Human-computer interaction (HCI), which is the main field of study this thesis falls into,
focuses on designing with people in mind people and centres on the user experience. To
assess a system’s functionality, how people feel and their thoughts on the system we created.
We need to investigate which gaze controlled glossing method provides the best assistance
for French L2 learners while reading French text. Through a participant study, we want to
address the latter two questions posed in Chapter 1, namely whether (RQ2) the placement
of glosses affects the perceived and measured reading comprehension while reading in L2
and (RQ3) what kind of gaze intervention do users prefer. To truly answer these two ques-
tions, we would need to conduct a longitudinal study with a group of participants and seek
aid from researchers focusing on SLA research to analyze learning gain from each gloss type,
which is out of the scope of this thesis. Therefore, we conducted a smaller-scale participant
study to test the preference for gloss placements using gaze data and self-reported ratings
to evaluate system performance. Using a reading comprehension quiz and interview tran-
scripts as guidelines for participant understanding of text, we compare their perceived versus
measured comprehension. Additionally, we utilized interviews and open-ended questions
in usability questionnaires to prompt participants for information on the types of glossing
methods they found useful. We present the results from our participant study in the latter
half of this chapter.

6.1 Participant Study

Eye-tracking studies in the language learning context generally follow a similar format, bor-
rowing many components from eye-tracking studies in psychology. The main components
of our study include participants, eye trackers, tracking environment, equipment setup, tasks
to complete, procedure, and data collection. We collected gaze data, reading comprehension
question answers, usability questionnaire responses, and interview responses from our par-
ticipants. In the original study setup, the participant completed 5 tasks testing 4 different
gloss positions (footer, marginal, interlinear, and glossary). However, footer and glossary
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CEFR level Number of participants
A1 7
A2 4
B1 8

Table 6.1: Participant’s self-reported French proficiency.

glosses showed to lead to statistically insignificant changes from no gloss conditions [1, 2,

86], so they were excluded from the study. Our study involved testing four conditions: no
help, interlinear gloss, marginal gloss, and both interlinear and marginal gloss. Our control
method, which act as a baseline for comparison, is the no help condition.

6.1.1 Participants

We recruited a total of 20 participants; however, due to data collection error, we obtained
data from 19 participants (N=19). The study lasted 1.5 hours and each participant was com-
pensated $30 for their time. When recruiting for the study we required participants to read
through the following exclusion criteria to minimize eye tracking error [10]:

• wear bifocal or progressive glasses

• has dyslexia, strabismus, nystagmus

• have lazy eyelids, droopy eyes, or prosthetic eyes

• has uncorrected astigmatism

• have photosensitive epilepsy; and,

• have eye surgery, including corneal (e.g., LASIK, RK), cataract, and intraocular im-
plants

We also mentioned to participants that they should not be advanced or fluent in French
(CEFR level C) and be either beginner (A1 and A2) or intermediate (B1 and B2) French
learners. At the start of the study, our participants filled out a modified LEAP-Q question-
naire [64] to gather data on their L1 and L2 proficiencies (see Appendix A for the survey
questions). We did not require them to complete a more comprehensive L2 proficiency test
because we are evaluating differences in reading comprehension using glosses, therefore the
main focus is their performance change from their own baseline. All participants wrote that
they know English at a fluent or native-like level. Table 6.2 shows a summary of all the prior
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French
Mean SD Range

Critical age (years)
Start learning 10.7 8.08 4-30
Start reading 11.4 7.86 4-31

Proficiency (1-5)
Speaking 1.89 0.88 1-3
Understanding 1.84 0.83 1-3
Writing 2.47 1.02 1-4

Contributing factors (0-10)
Friends/Family 1.63 2.75 0-10
Media consumption 3.42 2.76 0-8
Reading 3.79 2.80 0-8
Formal classes 3.63 3.39 0-10
Language learning apps 6.89 3.30 0-10

Table 6.2: Study participant modified LEAP-Q results information.

language proficiency knowledge of the participants. We correlated the proficiency (1-5) to
the standard CEFR levels, where 1 refers to A1 and 5 refers to any C level. The distribution
of the participant’s French proficiency can be seen in Table 6.1. In addition to English and
French, many participants noted they spoke Mandarin Chinese, Portuguese, Hindi, Bengali,
Tamil, Italian, and Arabic see Table 6.3 for a more detailed breakdown.

6.1.2 Setup

We set up the tracking environment in a room lit with both natural light from a window on
the right and artificial overhead lighting. To accommodate participants at various heights,
participants were seated in a chair where the height could be adjusted, and the position of
the chair wheels was marked using two pieces of white tape, as seen in Figure 6.1. During
testing, we noticed that user height played a big role in tracking accuracy as the distance
they were away from the tracker varied significantly. Therefore, we tracked the participant’s
distance from the eye tracker. The horizontal distance d and the net distance l of the eye
tracker to the participant were measured for each session, as displayed in Figure 6.2. The
horizontal distance was kept from 50 to 70 cm, and l was adjusted using the chair’s height.
The mean and standard deviation of the initial distance measurements are shown in Table
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Language Number of participants Average fluency
Arabic 1 B1
Bengali 2 C1/C2
Creole 1 B2
English 19 C1/C2
French 19 B1
Hindi 4 A2
Italian 2 A1
Mandarin 3 B2
Spanish 4 B1
Portuguese 1 C1/C2
Tamil 1 C1/C2
Urdu 2 B2

Table 6.3: Languages spoken by participants and their average fluency based on CEFR levels.

Figure 6.1: Study set up as viewed from the back.
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Figure 6.2: Diagram of how participant distances were measured.

6.4. With this setup, a visual angle of 1◦corresponds to a movement of 1.05 cm. We used a
desktop computer with an Intel Core i7-6700T CPU operating at 2.8 GHz with 8 GB RAM.
The monitor used was 23.8 in with a resolution of 1920x1080. The eye tracker was magneti-
cally attached to the bottom of the monitor using materials provided by the manufacturers.
We used a Tobii 5 eye tracker, which operates at 33 Hz. During initial calibration, partic-
ipants were to hold their heads still and only move their eyes to look at the corner of the
screens.

Mean SD
l 63.7 4.54
d 60.1 4.47

Table 6.4: Study participant distances from the eye tracker in cm.

6.1.3 Task and Procedure

The study consisted of four reading tasks followed by a semi-structured interview. The four
reading tasks each involved using a different reading intervention system or reading con-
dition: no help (NH), marginal gloss (MG), interlinear gloss (IG), and both marginal and
interlinear glosses (FS). For each reading task, the article order was randomized to remove
potential learning or order effect. Additionally, after each reading task, the participants were
allowed to take a break and look away from the screen to reduce potential eye strain.

The order of the articles were randomized so that they were used evenly throughout the
study. Additionally, to reduce the influence of each participant’s prior knowledge, we asked
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the participants if they had prior knowledge about the topic covered in any of the articles
during the pre-study questionnaire. Articles where the participants had prior knowledge of
were exchanged out for other article texts.

The procedure of each task went as follows; first, participants are shown the task screen,
which contains a task number and a start button. Clicking the start button will refresh the
screen to show themanual gaze calibration page, and participants can adjust their gazeman-
ually using arrow buttons. A more detailed description was given previously in Chapter 5.
After they are given a short tutorial on how to use the reading glossing method, the sen-
tence they use to test is “Portez ce vieux whisky au juge blond qui fume” meaning “Take this
old whisky to the blond judge who is smoking”, which is a French pangram, or a phrase that
uses every letter in the alphabet. After the tutorial, each participant read a French article,
and then completed a reading comprehension quiz. See Appendix A for a sample of the
reading comprehension questions. Each question was created by hand based on the article
texts and reviewed by a native French speaker for grammar errors. Except for the no-help
case, the participant also completes a usability questionnaire based onUSE [61] and SUS [15],

see Appendix A. For ordering, the first intervention used is no-help, which is used as their
baseline. Following, the order of the two glossed reading conditions, IG andMG, were coun-
terbalanced tominimize order and learning effects. The last intervention system tested is the
system where the participant has access to both the interlinear and marginal glosses.

6.2 Results

We used a mixture of quantitative and qualitative data to evaluate the effectiveness of gloss
position and gaze action preferences. The data was gathered in various ways, including oral
semi-structured interviews, anonymized written feedback, and real-time gaze data. The par-
ticipants’ gaze behaviour during the study gives us information about their proficiency and
interaction with each glossing method, we found clear differences between beginner and
intermediate learners when using different methods. The differences also materialized in
the reading comprehension scores, with a more overall subjective comprehension of the text
when using glossed text and a significant difference when using marginal glosses. Addition-
ally, learners had both personal and proficiency-based preferences regarding the position of
the gloss.
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NH IG MG FS
Mean SD Mean SD Mean SD Mean SD

total duration (min) 6.02 2.75 11.73 8.20 9.47 3.63 7.09 3.43
total saccade count 3173 1358 4966 2742 5840 2308 3684 1409
average saccade velocity (◦/s) 224.4 13.8 242.4 39.8 335.2 51.4 278.5 40.8
average fixation duration (ms) 407.6 28.8 360.4 23.3 137.1 10.9 149.0 22.8
maximum fixation duration (s) 3.26 2.63 5.49 2.56 3.87 2.14 4.91 2.70

Table 6.5: Gaze feature summary for all glossing methods.

6.2.1 Gaze behaviour

The gaze of each participant was gathered for all four tasks at 33 Hz, meaning a sample is
taken every 30.3 ms. We processed the gaze samples to extract the gaze features of each par-
ticipant during their session. Following previous works in determining the L2 proficiency
level of learners [6, 7, 16, 50, 65, 88], gaze features measured in this study include the to-
tal duration for reading each text, average saccade velocity, saccade count, average fixation
duration, and maximum fixation duration. Although maximum saccade velocity, scanpath
length, and blink features have shown to be useful, due to the lower accuracy of commercial
eye trackers and noise, it is difficult to determine those values, so they were not used. Addi-
tionally, to track the usage of each type of gloss for the three glossing methods (IG, MG, FS),
we recorded the id of the gloss interacted with, duration of fixation on a single gloss, number
of times the gloss was triggered, and what type of gloss it was (interlinear or marginal). The
fixation duration on the gloss was recorded, and the average duration was calculated.

Method comparison

A summary of the gaze features with the average of all participants and the standard de-
viation is shown in Table 6.5. Overall, participants spent the most time using the system,
showing interlinear glosses (Mean = 12.61 min) followed by marginal glosses (Mean = 10.53
min). During pilot testing, the average time taken to read an article text with no help by a B1
level French learner was around 6-8 minutes, which aligns with the duration of the no help
method, and the full system fell within the expected time. The standard deviation and range
for the duration of the IG method could be attributed to increased fixation on individual
words to interact with glosses. Although, interlinear glosses were meant to appear automat-
ically after implicit gaze actions, after participants knew that glosses would appear after each
word was fixated on, fixation duration became an explicit gaze control method. Participants
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Figure 6.3: Comparison of reading duration for each method.

IG MG FS
interlinear gloss 240 - 29
marginal gloss - 339 254

Table 6.6: Average number of gloss triggered for each glossing method.

with lower L2 proficiency spent more time reading through by fixating longer on each word
to trigger the gloss. In contrast, participants with higher proficiencies trigger fewer glosses,
leading to a shorter reading duration. A graph showing a more detailed comparison of the
total reading duration can be seen in Figure 6.3.

Average saccade velocity ranges from 300-400◦/s during normal tasks, however, while
reading in a foreign language, the saccadic velocitymay lower to range between 150-300◦/s [55].
By inspection, there are differences between the average saccadic velocities of each glossing
method. The saccadic velocity for the MG and FS conditions are both higher than the NH
and IG conditions, likely due to the presence of marginal glosses. The difference in saccadic
velocity is more apparent when comparing the NH andMG case since the FS case also allows
for interlinear and marginal glosses. For the MG condition, the range of saccadic velocities
is larger, and the average speed is higher than the NH condition since the user needs to shift
their gaze from the text to the right margin to activate the glosses.

Looking at the maximum duration of a fixation on a single gloss, we can see a clear differ-
ence between interlinear and marginal glosses due to the nature of the interaction methods,
as shown in Figure 6.4. Interlinear glosses require users to fixate on a word for a threshold
amount of time before triggering the appearance of the gloss. In contrast, marginal glosses
only require a fixation of 200 ms to be rendered in the right margin. There are no signif-
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Figure 6.4: Maximum word fixation duration comparison for (left) interlinear glosses in the IG and
FS systems, and for (right) marginal glosses in the MG and FS systems.

Figure 6.5: Differences in gaze behaviour of beginner and intermediate learners.
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icant differences between interlinear gloss fixation duration in the IG and FS system, and
the slightly lower fixation duration may be due to the users becoming more familiar with
the system. In comparison to the range of fixation duration for interlinear glosses, the range
for marginal glosses is much smaller for both MG and FS. For marginal glosses, there are
also slight differences in the average maximum word fixation duration between MG and FS.
Table 6.6 shows the average number of glosses triggered while using each glossing method.
Overall, more marginal glosses were triggered by participants during separate gloss condi-
tions, and when given the choice of marginal or interlinear, a significantly higher number
of marginal glosses were used. This may be due to the quicker response time of marginal
glosses, needing only a 200 ms fixation duration, compared to interlinear glosses that may
have taken too long to trigger. Another factor which could favourmarignal glosses is the fact
that participants mentioned that they were unsure which word had interlinear glosses in the
text, while withmarginal glosses you could check if the word before or after had glosses. Ad-
ditionally, marginal glosses do offer a higher amount of user agency, which some participants
mentioned to prefer.

Proficiency level differences

There were high levels of variation between the saccade count and the total duration for each
method. The saccade count and total duration have been shown to correlate to L2 proficiency
in SLA eye tracking research [6, 7, 50, 88]. Since the reading comprehension scores shown
in Table 6.7 compiles data for participants without regarding their L2 proficiency, the stan-
dard deviation is quite large. After separating the beginner (A1 and lower) and intermediate
(high-A2, B1, B2) participants and examining the different gaze behaviour, we can see a clear
difference between the two groups in Figure 6.5, in accord with prior works. Overall, par-
ticipants who self-identified to be A1 and lower had higher averages and a broader range for
total duration, number of saccades, and saccade velocity. Moreover, there are also distinct
differences in how the two groups interacted with the text for each condition. Figure 6.6
shows the gaze movement of two participants, one beginner and one intermediate, reading
texts. For the NH condition, we see that the beginner participants have more regressions,
fixations, and saccades compared to the intermediate learner. Although there are some dif-
ferences between the two, the differences are not obvious without close inspection. However,
looking at the gaze movements during the IG and MG, we can see distinct differences in the
gaze patterns while interacting with the glosses. From the gaze movement in IG, we can see
that the beginner participants interacted with interlinear glosses much more frequently than
the intermediate participant. Similarly, the beginner seems to have looked for the gloss of
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Figure 6.6: Gaze movement of (i) a beginner learner and (ii) an intermediate French learner reading
with (a) no aid, (b) interlinear glosses, and (c) marginal glosses.

every word on a line, while the intermediate participant shows clear signs of looking at the
margin only when needed. Additionally, as the intermediate reader continued through the
text, they looked up fewer words.

6.2.2 Reading comprehension

After reading each article text, participants complete a reading comprehension quiz com-
posed of a summary of the text in 2–3 sentences written in English, 4multiple choice reading
comprehension questions about the text, and 8 vocabulary matching questions with a drop-
down list. Their score refers to the portion of correct answers for each section and is taken
separately. A total quiz score consisting of the score from the multiple choice and vocabu-
lary matching sections is calculated. The total score is used as a quantitative index, while the
summary section is used as a qualitative index to gauge the participant’s understanding of the
text. The vocabulary matching section score is used to measure L2 vocabulary acquisition in
relation to gloss usage.
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NH IG MG FS
Mean SD Mean SD Mean SD Mean SD

Multiple Choice 47.9 7.34 41.7 7.20 41.6 9.47 33.3 11.7
Vocabulary Matching 42.4 3.88 59.0 4.01 71.5 7.13 56.3 7.13
Total 41.8 3.12 52.8 3.43 60.9 5.98 52.3 6.59

Table 6.7: Average reading comprehension scores in percent for each gloss method.

Understanding the text

The summaries the participants wrote in the reading comprehension quiz varied in length
and detail. There was no correlation between the length of the summary and comprehen-
sion. For the IG method, many summaries included specific terms that had been glossed in
the text, and this phenomenon was not as detectable in the MG or FS methods. Using the
total score, we conducted one-way ANOVA and found no significant differences (p=.059,
F=2.58) between the different methods from each other and the baseline (NH). The mean
and standard deviation of the scores formultiple choice questions, vocabularymatching, and
total scores can be seen in Table 6.7.

When asked to rate their understanding of the text using the assistance provided using a
Likert scale of disagree (1) to agree (5), the distribution of the ratings is shown in Figure 6.7.
From the graph, we can see that the opinion towards IG was split between really disliking
the system or finding it somewhat useful to use in assisting them in understanding the test
better. Participants noted during interviews that the help either appeared too slowly or too
quickly, so the timing set for the gloss appearance did not work for them. In comparison,
most participants felt neutral to positive towards the marginal gloss system. But overall, the
method that seemed to help with understanding the most is FS. Although the timing of the
interlinear gloss threshold boundaries update staying the same for IG andFS, participants felt
that the timing of interlinear glosses functioned the best in FS.Thismay be due to beingmore
familiar with the system and learning how to trigger interlinear glosses better. In addition,
many felt that having marginal glosses as supplementary support was helpful.

L2 vocabulary acquisition

We conducted one-way ANOVA on the vocabulary matching score and found that there
were significant (p<.01, F=4.60) differences between each glossingmethod. However, no two
methods difference passed the Scheffe test. Further testing was conducted on the vocabu-
lary matching section after separating beginner and intermediate results. One-way ANOVA
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Figure 6.7: Rating each glossing method on whether they provided assistance for reading compre-
hension.

showed that beginner vocabulary score variance was not significant between each gloss pre-
sentationmethod (p=.739, F=0.42), but intermediate vocabulary scores reached significance
(p<.01, F=9.19). Using the post-hoc Scheffe test, we obtained a Scheffe critical value of 0.243
and found that marginal glosses (MD=0.438) led to improvement in vocabulary scores when
compared to no gloss (NH). In contrast, other glossing methods (IG and FS) did not lead
to significant improvements (MD<0.243). Additionally, after conducting effect size anal-
ysis on the score in the vocabulary matching section, we found that having glosses has a
large effect for intermediate learners (η2 = 0.385) and medium effect for beginner learners
(η2 = 0.050).

6.2.3 Gloss position

We measured the participants’ feelings about the usability of each glossing method using a
combination of a 5-point Likert scale ranging from disagree (1) to agree (5) and short an-
swer responses. To gather data on participants’ preferences and compare the different gloss
positions, we collected qualitative data through a semi-structured interview at the end of
each participant study. Questions asked during the interview are detailed in Appendix A.
Following the steps used to evaluate systems using the USE questionnaire, we summed all
the questions that were positive aspects of the system and subtracted the negatively phrased
items and obtained the following usability scores for each method. Table 6.8 shows the par-
ticipant preference count for the glossing methods tested during the study and the usability
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Method Usability score Preference count
IG 6.44 5
MG 6.48 8
FS 7.20 6

Table 6.8: Participant preferences for each glossing method.

scores. From interviews with participants, we found that there was a clear preference from
one gloss position to the other depending on their L2 proficiency.

Starter and elementary level participant preferences

Participants who were level A1 in French found that marginal glosses caused headaches and
eye strain because the text contained mostly words that they did not know and thus had to
glance to the margins often. They felt that using marginal glosses distracted them from the
text and caused them to lose their train of thought. Therefore, having interlinear glosses is
useful to them as it provides them with help within the text area and allows them to com-
prehend the text better.

“It’s a bit disruptive to have to look so far over to the right to see the definitions”
- Participant 3

“It was a lot better than the other one where you had to look to the right, as it
did not draw your attention away from what you were reading”
- Participant 6

They found that the glosses appeared too slow when testing the IG method and appeared at
a good speed towards the end of the text. Additionally, because most of the A1 level partici-
pants were only starting to learn French, they found that glosses of only the keywords from
the text was insufficient and wanted to see entire sentences or paragraph translated. Many
A2 level participants also found interlinear glosses to be preferable to marginal glosses due
to easier access. Additionally, many were unsure which word had interlinear gloss available,
so liked having marginal glosses where they would know exactly which word had glosses.
Many noted that compared to true beginners, and they had a larger vocabulary base, so they
did not need as much help compared to A1 level participants. For instance, one participant
said,
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“I was able to translate words and able to get a good idea on what the article was
without having to translate the whole sentence”
- Participant 12

Generally, for A2 participants, having the L1 glosses was sufficient to aid them during the
reading process. They also found that the threshold time for the gloss appearance was set
at a good level but would have preferred a little longer, so they could try to guess what the
meaning of the word first. Overall, for all beginner participants, having glosses interlinearly
is the most preferred method for gloss positioning.

Intermediate level participant preferences

Compared to lower beginners,most intermediate (B1) levelled participants preferredmarginal
glosses. Many of the intermediate participants felt that interlinear glosses slowed down their
reading, partially because they felt distracted by the glosses and, in other parts, due to the
long fixation time needed to trigger the gloss. Additionally, the interlinear glosses provided
help too easily and, similar to A2 levelled participants, the system did not give the participant
enough time to process the word before providing help.

“...words would take too long to show up and it felt like I was straining my eyes”
- Participant 11

“I found that because the definition often showed over words that I already knew, I
would end up looking at those and would miss the definition of words that I didn’t
know.”
- Participant 15

During interviews, many intermediate-level participants specifically mentioned how much
they preferred marginal glosses over interlinear glosses. However, a few intermediate partic-
ipants felt that interlinear glosses were useful as they learned newwords that they would have
otherwise skipped over while reading. Besides preferring the position and controlmethod of
marginal glosses, intermediate-level participants felt that having an L1 gloss and L2 defini-
tion was helpful. They preferred the combination of the L2 definition over the L1 definition
and wished that there were contextually relevant synonyms shown as well.

“It’s great to see both the one-word English translation as well as the definition
explained briefly in French!”
- Participant 2
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In summary, intermediate-level participants found marginal glosses to be more useful and
provide better help to them because they already had prior knowledge of the text and only
had to look up certain words in the text. Therefore, having the marginal glosses, which
offered a higher level of explicit control, was preferable.

Providing both interlinear and marginal glosses

The opinion on the full system, which provided both interlinear and marginal glosses, was
split, and there was no consensus between the L2 proficiencies of the participants. Many
participants felt hopeful about having both available before using. However, after using they
felt that it was cumbersome. There was too much new information presented at one time,
from the L2 text to all the glosses, which caused the participants to feel cognitive overload.

“Initially thought having both would be good but it was more annoying”
- Participant 11

“There was a lot going on to have both types of text flashing at me.”
- Participant 17

On the contrary, some participants felt they preferred this system the most because if in-
terlinear glosses did not show up, they would seek out marginal glosses. We found that
participants who preferred higher levels of control over gloss appearance disliked the sys-
tem, as it provided them with too much information. While participants who preferred the
combined system primarily liked the ease of access provided by interlinear glosses and then
the controllability of marginal glosses second.

6.2.4 Usability of the system

Overall, all participants felt that glossed textsweremore helpful and that using gaze to control
is better compared to looking up the definition in a dictionary or translation. However, gaze
precision issues and inconsistencies in tracking made the system hard to use at times. The
results from the usability questionnaire for all three glossing methods are shown in Figure
6.8. Based on the results, opinions on the usability of each glossing condition were divided,
with no clear consensus on which system was the best.
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Mean SD Min Max
x -12.66 34.06 -60 95
y -13.98 49.29 -165 85

Table 6.9: Manual gaze adjustment summary.

Moreover, from the questionnaire, we found that participants felt that although therewas a
slight learning curvewhen troubleshooting gaze inaccuracies, the systems did not needmuch
prior training. In addition to gaze precision difficulties, participants had varying opinions
on the different types of assistance the gloss should provide and how many words should be
included in a single L1 gloss.

Gaze accuracy and trigger threshold

Manymade remarks about eye-tracking inaccuracies but sawpotential in the glossingmethod.
They felt that the eye tracking was too sensitive to head movements. Some participants ex-
pressed that if the interlinear glosses took too long to respond to words they wanted glosses
for, and felt strained when staring at each word for a long duration. They felt that if the sys-
tem responded faster, it would help their reading flow. The duration of the gloss threshold
was continuously updated throughout each task. However, after inspecting values after each
task,most of the values of the upper and lower boundaries for the trigger threshold fell within
two bins. On the lower end, the lower threshold limit was set to between 150-200ms and the
upper was set to 300-350 ms. On the upper end, the lower threshold was around 300-400 ms
and the upper threshold was between 650-800 ms. Only one participant fell between those
ranges, with their range set to 490 ms and 600 ms for their lower and upper boundary.

During gaze data collection, we also collected the offset that each participant manually
inputted to calibrate their gaze point before the start of each reading task. The horizontal
and vertical offset values are plotted on a graph in Figure 6.9 to show the dispersion of the
eye-tracking device. From the plot, we can see that there is no consensus on how much the
offset should be since it varies from participant to participant. There is a more significant
portion of offset values on the left side of the plot, showing a general trend of gaze points
being too far right. Table 6.9 shows that the horizontal offset values ranged from -55 px to
35 px, while the vertical offset values ranged from -165 px to 35 px. Given that the vertical
height of a monitor is less than its width, the vertical offset having such an extensive range
of different offset values is a significant source of gaze inconsistency.
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Figure 6.9: Plot of participant’s manual gaze adjustments.

Variety of help provided by glosses

Therewas a split between the participants’ preferences for the help provided by glosses which
were dependent on their purpose behind reading. During interviews, participants who say
they do not usually use reading for pleasure asmethods prefermethods involving listening to
L2 audio, like podcasts and watching TV shows. Those participants prefer reading to under-
stand the general idea behind the article and are not concerned about personal vocabulary.
Their purpose for reading is to gain more knowledge and immerse themselves in their L2.
They also prefer to know what the words and pacing in the language sound like. Therefore,
they favoured the IG or FS condition, where the system more implicitly provided them with
aid within the text area.

In comparison, participants who mentioned that they use reading for pleasure to learn
their L2 prefer marginal glosses, which would provide them with the definition in French.
They liked to have their text area relatively minimal so that they could reread the text and
use contextual information to guess the meaning of an unknown word. They favoured the
ability to control marginal glosses explicitly and disliked having the system guess when they
needed help. In the interview, when asked about the potential of including different varieties
of help like synonyms and example sentences in L2, they were enthusiastic about including
L2 phrases that use the glossed word and L1 translations.

Length of translated phrases

Participants also had varying opinions about how much text should be translated into a sin-
gle gloss. Participants at lower proficiencies, A1, expressed preferences for entire sentences
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translated because the portion of the words they do not know in the text vastly outnumbers
the terms they know. Therefore, being able to see the entire sentence translated and having
the ability to compare the parallel text is more beneficial.

“I wish the system was able to translate sentence if looking at it for too long”
- Participant 4

For A2 and B1 levelled participants, some felt that having keywords translated in the
text was sufficient; however, a more significant majority mentioned they would prefer if the
gloss could providemore contextual information. Participants said they wanted information
about immediate words surrounding the glossed word.

Preferred learning method

Participants had varied preferences for what they used for learning new languages. Some
participants preferred using curated instructional content like YouTube videos created by
language instructors, podcasts focused on teaching French, and mobile applications like
Duolingo. In comparison, other participants enjoyed more passive learning methods and
immersing themselves in their L2. We found that participants who were actively seeking
French instructional contentwere looking to increase their French knowledge andhad a clear
goal forwhy theywere learning. Some learned because of school, and others for an upcoming
trip to a French-speaking place. In contrast, those that were using passive learning materi-
als were more focused on maintaining French knowledge learned previously. Additionally,
when asked about if and what types of reading comprehension questions participants prefer
having at the end of the text, most participants said that they do prefer having a few ques-
tions at the end to check their comprehension of the text. We found that even participants
who were focused on getting through the text would prefer having a quick multiple-choice
question at the end.
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In this thesis, we first explored resources available for French, which can be used to eas-
ily annotate text to use in web applications. Using those resources, we selected articles of
similar complexity levels and annotated words and phrases with glosses using an additional
dictionary API. The articles were then used in a gaze-enabled system which provided two
types of glosses: interlinear and marginal. We conducted a participant study to evaluate the
different gloss positions and found that there were differences in their reception due to L2
proficiency and personal preferences. There were also insights such as when gaze should be
used during reading assistance, the threshold for triggering glosses, types of gaze gestures to
allow for use, and when to introduce other input modalities like mouse clicks. We compiled
a series of lessons learned from our findings and suggestions for future researchers working
with gaze-enabled systems and glosses for L2 reading aids. In addition, we will discuss the
potential applications and future directions that could benefit from the findings outlined in
this thesis.

7.1 Gaze precision and accuracy

A key feature of eye movements distinguishing them from other input types is that they
remain constantly active. Gaze-enabled systems use gaze in two main ways: implicitly and
explicitly. Systems that use gaze implicitly determine preferences and information about
users based onwhat and how they interact with elements in a system. There is always a trade-
off between complexity and preciseness when working with gaze-enabled systems that use
explicit gaze commands. Gaze commands are often based on dwell time, or fixation duration,
the idea seems promising in theory, but when put into practice, we encounter the Midas
Touch problem. The Midas Touch problem exists because every fixation on an interface
element in a gaze-enabled could be treated as an activation event despite that not being the
user’s intention. To deal with this problem, many existing systems use gaze gestures—a set
of predefined gaze movements—to trigger a response from the system [67]. However, the
problem that arises with gaze gestures is the rise in complexity of the gesture and the large
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learning curve. Additionally, during reading L2 text which already requires higher cognitive
processing, performing additional gaze gestures could lead to cognitive overload.

Our third research question of this thesis pertains to the preferred gaze interventionmethod
for users of gaze-enabled reading aid systems. We found that in order to address the interven-
tionmethod preferred, we need to first consider the limitations of eye-tracking precision and
accuracy. Prior works havemade remarks about the inconsistency of commercially available
eye-tracking devices and how their accuracy deviates from manufacturer specifications [31].

Moreover, other works have worked with sentence-level L2 glosses due to accuracy issues
with widely available eye-tracking devices [44]. Gaze inaccuracy has two sources: one from
the actual hardware used to capture the gaze position and the other from innate human gaze
movement error. As we design technology for human use, we must acknowledge that hu-
mans may use their eyes in ways that are beyond our control. Therefore, it’s important to
build systems that anticipate and minimize errors. If we want to work with eye gaze, we
will need to use methods to compensate for the inaccuracy of the eye-tracker, which only
provides us with one to two degrees of visual angle precision. While our techniques were
not without fault and resulted in some errors based on gaze position, we improved preci-
sion through the following measures during implementation: filtering the gaze, introducing
variable and manual offsets, and tracking the line that the user was on.

We initially attempted to use amodel of gaze during reading, presented in iDict [46], to de-
tect which line the reader was on. Thismodel simplifies reading a single line of text as a series
of events involving fixations, medium-length saccades, several short regressions within a line
of text, and a vertical shift upwards as the readermoves horizontally along the line. Although
applicable to some extent, in the case of an L2 learner, there are many pauses when moving
to the next line of text. Hence, we needed to adjust the algorithm to be triggered every time a
regression occurs with a large enough vertical shift. By determining the line users are on, we
can also filter out words that are not on the line, so we can better determine which specific
word the user was fixated on and detect when the fixation had passed the word’s threshold.
The threshold duration was calculated using a word’s frequency in the FLElex dataset, with
parameters for the lower and upper threshold duration boundaries adjusted for each user.
The parameters were tuned as users read, however, due to the short duration of the study
and wide range of participant proficiency, we could not come to a conclusion about what the
threshold boundary values should be set to or how they should be properly updated to best
suit learner use.

During each intervention condition testing, we allowed participants to view where their
gaze was at any time so that they could troubleshoot when glosses did not show up. Trou-
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bleshooting involved resetting the system’s line detection algorithm by rerunning the line
setting algorithm (Algorithm 4) with start set to 1 and end set to the length of the text, so
that the system would re-detect which line the user’s gaze was on. Participants were quickly
able to learn how to use the system troubleshooting tools without much assistance from the
researchers, as shown in the usability feedback questionnaire results wheremost participants
felt that there was not a large learning curve to using the system and did not feel a need for
technical assistance while using it. Participants mentioned that adapting to a gaze-based
system requires some time as its functionalities are more unfamiliar. Although when er-
rors occurred too often, causing participants to continuously check which line the system
thought they were reading, the system increased the amount of work put in to read L2 text
and caused frustration. We did not account for this during the system design as it falls out-
side of the scope of this project. However, this is a major flaw in the design and concerns
about the ease of troubleshooting eye trackingmethods need to be addressed in future works
involving gaze-enabled systems.

7.2 Interplay of novel input modalities and ease of use

Developing new interactionmethods with different inputmodalities is often about creating a
well-balanced application which uses new inputmodalities to enhance the entire experience.
We hope to show with our system that using gaze-enabled reading technology is a possibil-
ity that can be further explored. Eye movements as input for applications should not assume
that eye movements follow some idealized movement as each person interacts with applica-
tions in unique ways. However, this is not to say that generalizations about gaze movements
cannot be made. For example, we found that there are general trends in what beginners
prefer in terms of reading assistance compared to intermediate learners. When users know
that a system has gaze enabled, they will assume that their gaze will activate something when
they interact with system elements. During our study, even when participants went through
the tutorial for each system quickly, they were able to quickly how realize that the system
responded to their gaze. After knowing that the system responds to their gaze, the partici-
pants will apply their preconceived ideas about how it should respond. As such, participants
either said that they thought every word had a gloss or every keyword had a gloss. Inconsis-
tencies in the annotation led to participants feeling confused about what actually had help
provided for it, which was one of the reasons why some participants preferred the marginal
method as it will show the most recently looked at word with a gloss along with the nearest
neighbour words with glosses. Participants noted that the margins served as a check to see

74



7.3 Gloss position

if the words they were wondering about even had a gloss. Additionally, when the glosses for
certain words did not show up, the participant thought that it was a gaze error and said that
they would often switch the gaze cursor on to see where they were looking at.

Thus, one may think that increasing the number of glosses may be the solution, however,
the participant’s feedback about the interlinear and combination system suggests that there
would be additional problems if glosseswere provided for everything. Theproblemwith pro-
viding interlinear glosses for every word, as requested by some participants, is information
overload. Beginner participants have often suggested including sentence-level translations
of texts as glosses which could serve as a parallel text for them to reference as they read.
Although showing more L1 gloss may be useful to users who are just starting to learn their
L2, they may rely too heavily on the gloss and forgo the L2 text altogether. Therefore, it may
be more beneficial to read texts which are appropriately levelled for them, as suggested by
Chiang et al. [24]. Since the goal of reading assistance is to help learners read more text and
aid comprehension, having the translations might motivate them to read more for pleasure
in their L2. We believe that it will be beneficial for reading aid systems to alert readers when
they are reading texts which contain too many unknown words and is above their current
L2 proficiency level. Reading aids should be aware of their user’s L2 proficiency and provide
help that is suitable for them.

Additionally, having a system that uses gaze for the sake of increasing the number of input
modalities may actually hinder usability. There should be a consideration of when the gaze is
an appropriate input for devices and when it is not. Systems that allow for gaze interventions
should always allow users to set their preferences and limits for when they want their gaze
to be used as a source of input. Many of the participants noted that they would have liked
to be able to click on the words that they wanted help with since some words are short and
would require more fine-tuned precision to maintain fixate on the word. Moreover, staring
at a singular point to trigger a word’s gloss breaks the reading flow and is not as implicit of a
method as we intended the design to be.

7.3 Gloss position

Through our study, it has come to our realization that user preference for gloss position is
due to a combination of L2 proficiency and personal preferences. For most lower profi-
ciency L2 learners, we found that there was no lower proficiency L2 learner which preferred
the marginal gloss only system, their preferences were either interlinear glosses only or the
system with both interlinear and marginal glosses. We found that interlinear glosses are pre-
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ferred as it leads to lower cognitive load compared to marginal glosses since the user’s gaze
does not need to be shifted away from the text they are reading. Moreover, additional in-
formation like L2 definitions and L2 synonyms are useless to lower levelled learners as the
information provided is too high level for them. In contrast, intermediate learners mainly
prefer the marginal only gloss system as it is less distracting and allows them a higher degree
of control with additional information to provide them with more contextual information.
No matter which gloss position is used in a system, one must be aware of the benefits and
implementation issues that each method comes with.

7.3.1 Usability of marginal glosses

Through our results with the vocabulary matching portion of the reading comprehension
quiz, we can see that marginal gloss could have a significant effect on vocabulary learning
during the immediate posttest. Other research has suggested that glosses also increase recall
during delayed posttests. So, in terms of the position that helps to learn the most, marginal
glosses alone perform superior compared to interlinear glosses and the combination of both.
Marginal glosses are useful for learners who are interested in active learning while learning
their L2 and aid them in looking up definitions of words in their L2. For these users, a larger
variety of help in marginal glosses would be beneficial. Showing too much help in the text
area may overwhelm the users, but when the assistance is isolated in the margin, it allows
users to have higher amounts of control over what and when they receive help.

Despite its benefits, there were a few design issues with participants which could be im-
proved in the system. The rightmarginswere set to be around400 pxwidewith 50 pxmargins
making the entire size of the margin 450 px, this was initially designed so that the text area
would not be affected by the presence of glosses and reduce input error. However, due to the
design choice of making the gloss harder to trigger, the distance the eye must travel to move
from the starting word on a line of text to the right margin is large. This large distance intro-
duces additional vertical variance in the gaze position, increasing the chance and a higher
chance of accidental fixation on other words in the text during the gaze shift to the margins.
Additionally, when the user shifts their gaze back from the margin to the text, the increased
vertical variance and loss of text context would cause them to forget and lose their place in
line. Despite our efforts to highlight the glossed word in the text, on return movement from
the margin, the user may accidentally fixate on another word causing the highlight to fade.
Many mentioned how the right margin would be difficult to use in actual practice because
of the large necessary saccade needed to activate it.
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7.3.2 Usability of interlinear glosses

The increased accessibility and quick response of interlinear glosses make them useful for
learners who are less inclined to up unknown words during reading. Having the glosses in
the text, one is reading also reduces the need to remove themselves from the text and lose
their focus. It encourages people who would not otherwise read L2 text to interact with it
more. If the system’s goal is to aid readers who want to read through L2 text as quickly as
possible and understand the general idea presented, then interlinear glosses are preferred.
However, as mentioned previously, if the goal was speed, then learners may be tempted to
translate the entire article to their L1. Ultimately, the effectiveness and usability of interlinear
glosses rely on the level of effort that learners are willing to invest in order to enhance their
understanding of their second language.

The duration of the fixation, or dwell time, needed to trigger glosses need to be explored
further. The threshold time needed to trigger an interlinear gloss was variable and updated
during reading. Initially, we set the threshold’s lower and upper boundaries to 350 and 600
ms. However, these values were too high for A1 level participants, who lowered the bound-
aries to the minimum allowed values, and too low for A2 and B1 level participants, who
found it distracting to have the glosses appear so fast. Further work must be done to de-
termine a better method for updating the boundary values. Past research by Karolus et al.
has determined that C2 and A1 levelled readers have an average fixation duration of 0.8 s
and 1.04 s, respectively. In comparison, during our studies, we found that the fixation du-
ration of French L2 learners who speak English fluently was on average, shorter. This may
be due to the similarity in structure of English and French, which allows learners to under-
stand the text through cognates. Therefore, researchers in this area should be aware of the
native language of their participants and explore the average fixation duration for their target
audience.

7.4 Suggestions from research findings

To build a usable system, the systemdesign should involve the appropriate level of proactivity
and transparency for the system. Especially for gaze-enabled systems, the system state should
be clearly visible since occasional misinterpretation of gaze movement is inevitable. If the
user interacts with static objects, the system should be able to detect and provide appropriate
feedback. The implicit gaze intervention techniques, like showing interlinear glosses, should
be more customizable and allow users to make the decision on whether to show them or
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not. This will reduce triggering undesired functionalities and help users focus on their main
goal. Finding the perfect balance between automated and user-directed actions depends on
personal preference, and therefore, the user should have the ability to adjust the system’s
sensitivity accordingly. There is also a threshold of error that users will accept to be part of
the system since gaze movements are hard to control. However, the system to recover from
errors and allow users to take back control should be made easily available. It is important
to ensure that feedback from the system is easy to understand and aligns with the common
understanding of gaze functions. It is important for the user to feel in control at all times.

It is impossible to build a system that suits all learner needs at every level because learner
needs at every level is different. Every language learner has characteristics that affect their
language learning progress and preferences toward learning methods. During our partici-
pant study, we found that many of the participants preferred listening to content in their L2
rather than reading because it is simply more practical to learn how to understand spoken
language. There could be a possibility of including additional input modalities like sound
clips in the system, however, that is outside the scope of this thesis.

Thedesign of each gaze interventionmethod should be evaluated not only for effectiveness
compared to other gaze control methods but alsomore commonly seen control methods like
using mouse clicks. For practical use, actions which require accuracy and precision may be
better left for input methods that reduce error, like using a mouse. From our study, gaze is
more useful for informing the system about the user state and gathering information about
them to use for later purposes. It can be used for interactable glosses while reading, how-
ever, the option of using a mouse should be available to the user. Additionally, the distance
from the text to the right margin should also be considered when designing for gaze-enabled
systems. Requiring users to move a large distance using their eye causes strain and people’s
gaze do not move perfectly horizontally. Hence, the back-and-forth movement introduces
additional vertical errors thatmust be accounted for. For interlinear glosses, the window size
for words included in a single interlinear gloss should be customizable. Users should have
the option to translate keywords and up to a certain number of words in their vicinity. This
would allow for real-time applications to provide more accurate assistance for not only sin-
gular words but also phrases. Furthermore, the controllability of glosses is important. There
should be three preset levels for threshold boundaries, each catering to a different L2 profi-
ciency level. Beginners should have lower threshold boundaries compared to intermediate
learners.
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7.5 Limitations and future directions

This thesis scope included examining gloss positions and the usability of gaze intervention
techniques when reading French text as a French L2 learner. The timeline of a master’s the-
sis limits the duration and amount of studies conducted to explore our research questions.
As the goal of this project was to compare the usability of gaze-enabled gloss intervention
methods, we did not focus our efforts on system usability as it falls outside the scope of
this particular project. As thus, we did not employ a user-centred design approach or use
codesign sessions to detect possible usability issues when creating the system. Addition-
ally, during our study, we gathered participants with varying language proficiencies. For a
more comprehensive understanding of language proficiency preferences, it is recommended
to conduct a detailed study with a more strict separation of language levels. In the text pro-
cessing chapter, we’ve shown how to utilize available tools to annotate French text, however,
were not able to fully explore using the available tools to annotate French text in real-time
for web applications. Therefore, future research can examine the feasibility of using those
tools and creating glosses for French texts automatically.

Furthermore, future research can build off this thesis to explore different methods for im-
proving accuracy in gaze position for more precise tracking during reading tasks. There also
needs to be further explorations of the ideal fixation duration as a function of reading speed
for L2 learners at different language proficiencies in an application that uses gaze as a source
of implicit control. In our system, we were able to track which words people sought glosses
for and how many refixations they made on the same words. Future works can combine
detecting words of interest with generative text tools to automatically generate personalized
reading comprehension quizzes. Additionally, with advances in the computational powers
of commercial computers, there is the possibility of running pre-trained machine learning
models to automatically detect a user’s L2 proficiency as they are reading. To realize this,
work must be done to gather data and generalize gaze feature information for readers at dif-
ferent proficiency levels. Although, the data exists to a limited extent, including only the
average fixation duration of individuals at A1 and C2 proficiencies in English [50], more
multilingual content should be explored.

As our work shows the potential of gaze intervention techniques adapting for explicit and
implicit commandswhile reading, futurework can explore using different forms of eye track-
ing like webcam-based or mobile phone infrared eye tracking. Although, as shown in this
work and previous works using commercial eye trackers [31, 44] that accuracy issues with de-
vices specifically created for eye tracking still exists, these problems will be aggravated when
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using other devices not intended for eye-tracking purposes. However, the potential of gaze-
enabled applications for everyday devices is exciting and opens the door to new innovative
research. Gaze-enabled reading aid technology has implications outside of language learn-
ing and could be used in the assistive context for people with reading difficulties or limited
mobility.
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8 Conclusion

Although one of the best ways to acquire vocabulary in one’s L2 is by reading, there are
problems with the notion that vocabulary growth does not require effort. It is challenging
to infer the meaning and learn new words from reading unless one is already familiar with
most of the vocabulary in the text. In addition, people prefer certain types of text, and it
may be that a reader who mainly reads fiction has little chance of learning words essential
for writing academic papers, for example. Electronic glosses can help readers read texts in
their L2 which may be inaccessible to them due to the number of unknown words. We ini-
tially started this thesis project to explore how gaze can be used as an additional input mode
to determine when L2 learners encounter difficult words implicitly. However, as we delved
into the project, we discovered a gap in knowledge investigating user preference in gloss
placement and gaze intervention techniques during reading. Our study found that language
proficiency and personal preferences affect which type of control modality and gloss posi-
tioning are the most useful for a person. Therefore, a reading aid needs to provide more
personalization for users through customization options for modes and adapt continuously
through their actions.
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A Appendix A: Participant Study

Materials

A.1 Pre-study questionnaire

Shortened and adapted from the Language Experience and Proficiency Questionnaire (LEAP-
Q) [64]

1. Please list all the languages you know in order of dominance and your overall level
of proficiency on a scale of 1-5 (1-beginner, 2-elementary, 3-intermediate, 4-upper-
intermediate, 5-native/native–like)
You can use the CEFR self-assessment table provided by the Council of Europe to help
identify your level

2. Please list all the languages you know in order of acquisition (i.e. your native language
first):

3. When did you start learning French?

4. When did you start reading French?

5. Please select your level of proficiency in speaking, understanding, and reading in French
on a scale of 1-5 (1-beginner, 2-elementary, 3-intermediate, 4-upper-intermediate, 5-
native/native–like)

a) Speaking

b) Understanding spoken language

c) Reading

6. On a scale of 0-10, please select how much the following factors contributed or aided
to you learning French:
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A.2 Reading comprehension questions

a) Interacting with friends and family

b) Consuming media (includes watching videos, music/podcasts, and social media
content)

c) Reading

d) Language-lab/self-instruction

e) Language learning app

A.2 Reading comprehension questions

Sample reading comprehension questions with answers for Article B.

Part I: Summary
Write a 2-3 sentence summary of the article in English

Part II: Multiple choice reading comprehension questions

1. Qu’est-ce que le Carnaval de Québec ?

a) Un festival de musique en été

b) Un carnaval d’hiver à Gaspé

c) Un carnaval d’hiver à Québec

d) Un carnaval de printemps à Montréal

ANS: c) Un carnaval d’hiver à Québec

2. Quel est l’emblème du Carnaval de Québec ?

a) Un caribou

b) Un castor

c) Un bonhomme de neige

d) Un homme avec une ceinture fléchée

ANS: c) Un bonhomme de neige

3. Quel est le but principal du Carnaval de Québec ?

a) Fêter l’hiver
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b) Attirer les touristes

c) Collecter de l’argent pour la ville de Québec

d) Célébrer la culture française

ANS: b) Attirer les touristes

4. Quelles sont les traditions qui ne contribuent pas à l’ambiance duCarnaval deQuébec?

a) Le port de la ceinture fléchée

b) La pêche sur glace

c) Les chansons carnavalesques

d) Le port du rouge

ANS: b) La pêche sur glace

Part III: Vocabulary matching
Match the following French words to their English equivalent

1. carême lent

2. remontent go back

3. réchauffer warm up

4. mondiale world

5. devenu became

6. événement event

7. cible target

8. syndique unionize

A.3 Usability questionnaire

Usability questions for each technique (based on the USE [61] and SUS [15])
Rate the following from 1-5 (1 - disagree, 5 - agree)

1. I understood everything that was said in the article with the assistance provided

2. I have prior knowledge of the topic covered in the article
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A.3 Usability questionnaire

3. I knew almost all the words tested in the vocabulary matching quiz prior to this study

4. I would like to use this system frequently

5. I found the system unnecessarily complex

6. I thought the system was easy to use

7. I would need the support of a technical person to be able to use this system

8. I thought there was too much inconsistency in this system

9. I would imagine that most people would learn to use this system very quickly

10. I found the system cumbersome to use

11. I felt very confident using the system

12. I needed to learn a lot of things before I could start using this system

13. It makes the things I want to accomplish easier to get done

14. It shows all the help that I expect it to

15. It saves me time when I use it

16. I found the system showed me help for words I asked for

17. I found the system too slow to respond

18. I found the system correctly determined which word I was looking at

Feedback questions

1. Did you feel like this intervention technique supported you while reading?

2. Was the intervention method distracting? If so, how?

3. What do you wish was included in this system that was not?

4. Any suggestions on how this system can be improved?

5. Other comments?
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A.4 Interview questions

Application usage questions

1. Which system did you like using the most? Why?

2. What do you feel are the most important to you: variety of help (e.g. definitions,
translations, synonyms, etc.), automatic help, or help embedded within the text itself?
Why?

3. Was there an article that you enjoyed reading the most? (Article A, Article B, Article
C, Article D)

4. How do you think having an article that you enjoy reading affects how you read?
Would it motivate you to look up more words?

5. Did you think that having the translation help you? If yes, how? If not, what would be
better?

6. Would you rather an application that quizzes you to get you to learn vocabulary? If
no, why?

7. When do you think you would use an application like the ones you tested today?

8. Who do you think would benefit the most from applications like these? Beginner,
Intermediate, Advanced?

Feedback questions

1. What are some methods that you use when reading in languages you are learning?

2. What are some applications that you currently use for language learning?

3. Are there any language learning applications that you have seen or heard about but
not tried?

4. Other comments?
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