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Abstract — Reading is a cognitive process which defines the way of
acquiring knowledge. As various reading styles are used, different
level of comprehension, engagement and fluency can be reached.
Objective of our research is to create a prototype of a classification
model to distinguish between different reading patterns from gaze
fixation data using machine learning techniques. This approach
can lead to a better understanding of the reading process.
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L INTRODUCTION

Gaze information determines what we are focusing on.
Tracking of the human eye movement allows us to better
understand the user behavior and visual attention, which can be
more precise and reliable when compared with other techniques
used to observe and describe the human intent. Nowadays, eye
tracker devices are widely used as an effective tool in human-
computer interaction and psychology research.

Eye tracking technology is becoming more efficient and has
been widely applied to the understanding of the reading
comprehension process. In order to comprehend text a person
needs to be able to read quickly because a person can, generally,
only keep seven pieces of information (£2) in their short-term
memory. Any additional information is quickly lost and cannot
be recalled [1]. The above phenomenon results in certain
disruptions in reading patterns, while whole text
comprehension process is also affected. It is known that while
reading, we inadvertently form rational connections between
pieces of information we pick up from the text. That reflects in
certain disruptions in the norms of reading paradigm and that
gives us clues to our interest level in reading activities [2].

In many cases, people read just for pleasure, while their
reading patterns are rather quick and leaping. When someone
reads to learn while staying focused to remember new
information from the text, then his eye movements tend to be
slower and more stagnated. While considering mentioned
reading types, is it possible to infer the reading pattern from eye
movement trajectory acquired from eye tracker device? Let’s
suppose there is enough gaze data, can a machine learning
method be used to discern the type of reading behavior? What
features should be extracted from the raw gaze data to perform
the classification? So far, there are only few researches
regarding the use of machine learning to classify the reading
patterns in real world scenarios.

In one of the researches, a low-cost eye tracker was
employed to record the eye movements during the reading
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process. A dispersion-based algorithm is implemented to
identify fixation from the recorded data. Features pertaining to
fixation including duration, path length, landing position and
fixation direction are extracted for classification purposes. Five
categories of reading pattern have been defined and
investigated in this study, namely, speed reading, slow reading,
in-depth reading, skim-and-skip, and keyword spotting. We
have recruited thirty subjects to participate in our experiment.
The participants are instructed to read different articles using
specific styles designated by the experimenter in order to assign
label to the collected data. Feature selection is achieved by
analyzing the predictive results of cross-validation from the
training data obtained from all subjects. The average
classification accuracies in five random tests are 78.24%,
74.19%, 93.75%, 87.96%, and 96.20% respectively [3]. To
compare with this research, we will use different feature set
with similar classifier algorithm type aiming to produce better
reading pattern recognition results, while focusing only to
binary classification recognizing only quick-readers and slow-
readers. Our aim is performing the classification without
apriory knowing the time axis and sampling rate of the eye
tracker to see if the reader behavior is structurally different or
not.

II.

For this experiment, we have selected 5 total volunteered
participants. Each participant was asked to read two types of
articles, while each contained 3 paragraphs. Every paragraph
had the same length, consisting of approximately 3 lines of text.
We have used each paragraph as single gaze input data later in
the experiment. Used articles were in Slovak language and
represented a part of some publications from Slovak digital
news platforms available online.

To acquire the gaze data for each reading pattern, we have
divided our experiment into two parts. For the first article, each
participant was asked to read the text freely. However, before
moving to the second article, participants have been informed
that they would have to answer questions about the paragraphs
they read toward the end of the experiment session. This part
was intended to gather the information for Slow-reading pattern
class, while the first article results were marked as Quick-
reading styles.

The screen used was a 19 inch LCD and was set to a
resolution of 1920 by 1080. All the paragraphs were displayed
in full-screen and at 130% zoom level. Each participant was
instructed to sit on the chair and maintain stabilized head
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position about 56 cm away from the centre of the screen. While
reading was performed, computer was gathering participant
gaze positions by using eye tracking equipment.

We have used Pupil eye tracker device to collect gaze data.
Pupil Capture software was used to record the eye movement
data and then we exported the recordings using Pupil Player
into CSV file. Output CSV file contained information including
timestamps, data confidence, world and pupil positions. We
filtered the data based on confidence parameter equal or greater
than 90%, which defines the accuracy of each recorded gaze
point by eye tracker device.

We decided to use only X position coordinates of eye gaze
movements as our input data, because X axis during reading
contains most information.

We have used two test articles with same length. Slow
readers red it in average about 25s (1900 gaze samples) and fast
readers about 14s (1000 gaze samples). To eliminate the impact
of the time axis and gaze sampling frequency while focusing
only to the data structures, we subsampled the data to have
always only 200 eye positions.

Gaze position X by time for Quick-reader
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Figure 1. Example data from Quick-reader (910 gaze points).
Gaze position X by time for Slow-reader
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Figure 2. Example data from Slow-reader (1410 gaze points).
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Gaze position X by time for Quick-reader [200 points]
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Figure 3. Quick reader example ubsampled to 200 points
Gaze position X by time for Slow-reader [200 points]
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Figure 4. Slow reader example subsampled to 200 points
III. FEATURE EXTRACTION AND CLASSIFICATION

Based on x coordinates input set, we have used clustering
method to detect number of clusters per each set, and average
cluster count, which are the two main features for our
classification model. The clusters approximately represent gaze
fixations, however they also contain nearby lying saccades as
for our simple model is not important to distinguish between
fixations and saccades. We chose as the main feature the
average cluster size. As the number of gaze samples is fixed the
average cluster size and number of clusters are dependent.

We have used two methods to define the number of the
clusters. These are: manual method and K-means based
silhouette clustering algorithm for finding optimal number of
clusters. Manual method means manually counting the number
of clusters, based on generated normalized graphs from
recorded gaze data (see Figure 5 for an example). Example of
clusters found by K-means clustering algorithm, for optimal K
is shown on Figure 6. Using the methods we have obtained quite
similar results for average cluster size.
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V. CONCLUSION

We demonstrated the feasibility of utilizing gaze information
recorded by eye trackers to analyze and distinguish common
reading styles (slow readers, fast readers) using feature based
on gaze position clustering. This method even outperforms
classification based on the time of reading. The method is fast
and reliable. The approach can be extended to more complex
questions, while more complicated features and higher
dimensions can be used. Similar approach could also include
saliency map analysis, but it would include much more
computational effort.

ACKNOWLEDGMENT

The research presented in this paper was financially supported
by VEGA 1/0440/19 and H2020 NEWTON Ref. No.: 688503.

REFERENCES

[1] Miller, G.A.: The Magical Number Seven, Plus or Minus Two: Some
Limits on Our Capacity for Processing Information. In: The Psychology
of Communication: SevenEssays. Penguin Books, Inc. (1970)

[2] [1] VoT., Mendis B.S.U., Gedeon T. (2010) Gaze Pattern and Reading
Comprehension. In: Wong K.W., Mendis B.S.U., Bouzerdoum A. (eds)
Neural Information Processing. Models and Applications. ICONIP 2010.
Lecture Notes in Computer Science, vol 6444. Springer, Berlin,
Heidelberg

[3] [2] Wen-Hung Liao, Chin-Wen Chang, Yi-Chieh Wu: Classification of
Reading Patterns Based on Gaze Information, 2017 IEEE International
Symposium on Multimedia

[4] Peng, Chiu-Fang, and Wen-Hung Liao. “Evaluation of Interactive Data
Visualization Tools Based On Gaze and Mouse Tracking.” Multimedia
(ISM), 2016 IEEE International Symposium on. IEEE, 2016.

[5] Wade, Nicholas, and Benjamin W. Tatler. "The Moving Tablet of the Eye:
The Origins of Modern Eye Movement Research.”Oxford University
Press, USA, 2005.(ch. 4)

--'-.--""-".zedil'"’ 2019 *




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /DefaultDocumentLanguage (Slovak)
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Coated FOGRA39 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


