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Abstract
The increase in usage of eye-tracking technology to study text
translation processes has revealed the need for effective tools for
visualization of the data collected. We propose a new method
for gaze and keystroke data visualization. The visualization
utilizes the preprocessed gaze data, where detected fixations are
linked to the corresponding word in the text. The blocks of
reading and typing processes are shown in parallel with details
for each word presented in word bars. Reading or typing
sequences provide insight into the temporal distribution of the
subject’s activity, and highlighting pops up the unusual or
attention-requiring data and events.
CR Categories: H.5.2 [Information Interfaces and
Presentation]: User Interfaces – Evaluation/methodology; Input
devices and strategies
Keywords: gaze data analysis, gaze and keystroke data visualization,
gaze-to-word mapping, eye tracking, translation analysis

1 Introduction
As eye-tracking technologies became more affordable and
accurate, the number of scientific disciplines using eye
movement data for analysis has increased rapidly [Duchowski
2002]. Researchers who study processes in translation from one
language to another are not left out: the analysis of eye
movements of subjects who read text for translation and the text
they produce themselves can reveal many important details
[O’Brien 2006]. The analysis of such processes consists of
analysis of reading of the text in source language L2 (supplied
by the test supervisor), analysis of reading of text written in
target language L1 (produced by the subject), and analysis of the
dynamics of the subject’s keystrokes.
Thus far, researchers have been able to perform highly detailed
analysis of keystrokes only by using special tools like Translog
[Jakobsen 1999] or ScriptLog [Strömqvist & Karlsson 2000].
The analysis of eye movements has remained a very tedious job,
with manual gaze-to-word mapping required for each trial
before the data for further analysis could be ready. It was
possible to do this via tools that superimpose gaze points over
stimuli (like ClearView by Tobii Technologies), but this was
still took much longer than the actual recording. Even with the
list of words given focus in hand, the numeric-data
representation of the focusing statistics is not the best for
determining the subject’s behavior during translation.

The ScriptLog tool developed by researchers at the University of
Lund can record both eye movements and keystrokes for later
visualization of the temporal behavior of a subject translating
the text presented onscreen [Andersson et al. 2006]. ScriptLog
shows the time spent observing areas of interest (AOIs), which
can be defined by an inspector. On a graph with a common
timeline, each AOI is presented as a horizontal (or vertical) bar.
The time a subject spent observing an AOI is presented as a
colored part of the corresponding bar. Thus, only one bar
representing an AOI can be colored at any given moment. In
addition to the AOI bars, other bars represent events occurring
in parallel: keystrokes, mouse clicks, etc. This kind of
visualization gives a clear picture of how the observation of
AOIs is distributed over time and how it correlates with
keystrokes. The typical AOIs are stimuli (in the area with text
for translation), the rest of the screen, and a keyboard.
Despite the clear usefulness of this tool, it does not answer the
question that is as important as the temporal distribution of
observation areas and correlation with keystrokes: how does the
reading occur during an experiment? Our tool was developed to
answer this question. We present here the functionality of the
tool and discuss the cases where it might be useful.

2 Design
The requirements for the gaze and keystrokes visualization tool
were collected during a discussion with researchers into
translation processes from Copenhagen Business School. The
main conclusions from these discussions concerned the need to
a) quickly inspect temporal relations between gazing and typing
events, b) highlight any data (related to reading or typing)
differing from the data treated as a “smooth” (“normal”)
translation process, and c) obtain the most important statistics
for reading/writing events. Since visualizations that employ a
timeline to present a gaze data distribution in time between
AOIs of a stimulus have been used successfully by other
researchers too [Aula, Majaranta, & Räihä 2005], it was decided
to choose this visualization format for the target tool.
The KiEV tool was developed on the basis of these
requirements. It provides the associated functionality and
proposes a solution for the problems mentioned in the
introduction to the paper. The tool uses the data collected in log
files by the Translog and GWM tools. The Translog tool
presents text for translation and logs all keystrokes (and some
other system and task-related events) produced by a subject. The
GWM tool, integrated into Translog, uses an eye-tracking device
to map gaze onto words in the text and logs all events related to
word-focusing (e.g., a fixation’s timestamp and duration, the
total duration of observation of the word in focus, and the
number of fixations and reading direction). Detailed description
of these tools is available on the Web [EYE-to-IT project 2007].

Figure 1: Screenshot of the KiEV tool.
The KiEV tool creates a visualization with three horizontal bars
on the same timeline to present events of focusing on words in
the source text and in the target (translated) text, as well as
progress in typing the target text (see Figure 1: top, middle, and
bottom bar, respectively). Each bar contains blocks that
represent a collection of uninterrupted events. Each block starts
when the first event occurred within this block and ends at the
time when its last event ended. Obviously, the blocks of events
in the source and target text bars cannot overlap. Each block of a
source or target text bar consists of text, word bars above it, and
the reading progress below it.

two parts, and the last part is highlighted to indicate the presence
of a preceding unmapped fixation.

Creation of blocks within a source or target text bar is performed
in one of two ways: a) all consecutive fixations that are mapped
onto words of the same text form a block, or b) all consecutive
fixations mapped onto words of the same text or not mapped at
all are a block. The latter block creation method is more useful
when accuracy in gaze direction detection is poor and many
fixations thus are left unmapped to a word in the text.
The data illustrated in Figure 2 give a good example of such a
case: the last word has been given focus only twice, but the gaze
data for last focus were grouped by a fixation detection
algorithm into three fixations, of which only two, the first and
the last, were mapped onto the word, with the second fixation
left unmapped. Therefore, the last focusing is shown as split into

Figure 2: Details of the visualization.
The word bars may present either the total observation duration
for each word (as in Figure 2) or only the duration of the first
fixation landing on the corresponding word. The scaling of the

word bars may be a) local, in which case the longest duration
within a block will have 100% of the height possible, or b)
global, where only the longest duration in the whole bar takes up
100% of the possible height, with others scaled appropriately.
Thus, the word bars seem to be a solution for graphical
representation of statistical values for each word read by a
subject. To emphasize this representation, the value of the word
bars can be mapped onto the transparency of words in the text
(as in Figure 2). Users may select how to visualize the word
observation duration: word bar only, word transparency only, or
both.
The block-reading process is shown as a sequence of gaze stops
on words. This kind of data representation allows leaving out the
exact X and Y coordinates of a fixation point and shows the
order of read words only. Moreover, the subsequent fixations
mapped onto the same word appear as a single marker. The
progressive and regressive saccades and subsequent fixations are
distinguished by color.
The words that were last in the progressive reading and first in
the regressive reading can be highlighted. This information may
be revealed by the inspection of the reading process, as shown
above, but the highlighting provides a quicker and easier way to
pop up events of regressive reading. The highlighting colors, as
are all other colors used by this tool, are customizable. The
panel for visualization parameters’ customization (shown in
Figure 1) has eight pages, each with numerous controls.

Figure 3: Word (text and typing) focus statistics.
The visualization shown in Figure 4 is presented for comparison
with Figure 2 to illustrate changes with different settings. The
blocks are created using the first rule: the unmapped fixation
interrupts the block, and the subsequent mapped fixation is used
to create an extra block with only the word “laptop.”The word
bars are created using the first fixation duration only. Also, the
visualization shown in Figure 4 has no words identified on the
keystrokes bar: it shows all keystrokes produced by a subject.

Another way to highlight words is to underline some of them to
represent other important events or data exceeding a set
threshold. A word can be underlined if a) it received focus more
than once or) the typing and reading processes proceed in
parallel; each has its own color of underlining. If both conditions
are true, a word is double-underlined but the lines differ in color
and size.
The keystrokes in the corresponding bar can be presented in two
ways: a) all keystrokes, including editing keystrokes, or b) only
the resulting text. In the latter case, the tool applies an algorithm
that detects final words from the keystrokes, and users may
apply highlighting of the words that a) were edited (these will be
underlined) and b) have an inter-keystroke pause greater than a
predefined value (1000 ms by default). This highlighting is
shown in Figure 2. Further keystroke analysis can be performed
in Translog.
The timeline, below all the bars, contains block start and end
time, and the moment of the text changing (if several pieces
must be translated within a single session). Users may set the
scale of the timeline in pixels per second. The list of events
presented on the timeline is also user-customizable.
When the mouse cursor is over a word, a pop-up with the most
important data related to this word is shown (see Figure 3). The
information consists of total focusing duration and number of
gaze stops, number of fixations and their average duration, first
fixation duration, and number of regressions from and to the
word. The pop-up of a word on the keystrokes bar contains its
full text (including deleted characters), typing duration, and
editing marker, as well as the longest, shortest, and average
pause between keystrokes.

Figure 4: The visualization with different settings applied.

3 Discussion and further development
The word bars seem a promising method for the visualization of
statistical data on each word for visual inspection and
comparison. Other statistical variables could be presented
similarly: longest/shortest fixations only, number of reading
events, time before or after first/second/nth focusing, and so on.
The visualization of the reading of the typed text (i.e., the target
text) is supposed to be the same as for the source text. However,
the current version of the GWM tool is not able to make fixation
mappings onto the words of dynamically changing text. It is
expected that this feature will be implemented soon and that the
GWM log files will contain such data.
The proposed tool provides only some basic visualization for
keystroke data. Future versions may provide more visualization
features for such data, but the final decision will depend on the
ongoing testing and practical application. If researchers find that
improvement in this area is required, the developers will
consider implementing analysis and visualization methods as
found in specialized tools like Translog and ScriptLog.
The main issue remaining that is not fully solved in the tool is
finding the proper scaling of the timeline to fit the text into a

block when the block is too long – e.g. when the text read in a
short time is longer than can be rendered in the space reserved
for such a time span. The current solution provides two ways to
address this problem: 1) decreasing the font size to make the text
small enough and 2) having users increase the number of pixels
used per second of the timeline so that all blocks are wide
enough for their text. Applying both of these approaches usually
yields a satisfactory result, but sometimes the text in some
blocks becomes too small or the timeline appears enormous.

4 Conclusions
The KiEV tool for visualization of gaze and keystroke data
collected during text translation has been designed and
implemented. It uses high-level preprocessed data providing
links from fixations detected to words of the text being read.
The main benefit of the tool lies in the organization of the
information presentation: the text-reading process is shown in
detail and in parallel with the text-typing process. The word bars
and reading sequence show the key aspects of the reading
statistics and events. Highlighting is used widely to pop up
unusual or attention-requiring data and events.
It is expected that, after careful examination and testing, the tool
will be improved by increasing the number of variables used to
create the word bars.
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