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SCANPATH ANALYSISIN OBJECTIVE EVALUATION
OF READING SKILLS

The paper presents the research on the human getatihnique and text perception strategies. Main
novelty is the use of scanpath recording and pedegdor objective evaluation of reading skills arapability of
error compensation. The research was founded amalviasks consisting in presentation of preparats teye
trajectory acquisition and assessment of comprehdagree. Our result show that gaze point statistipresent
well the observer performance and skills in fastdieg. The average human tolerance for errorsrishigh and
outperforms any known optical character recogniiofiware.

1. INTRODUCTION

1.1. RESEARCH AIM AND SCOPE

Scanpath analysis has been currently recognizadsakiable tool for objective assessment of
human perception. The scanpath analysis is usesl&al disorders of human sight sense, but new
technical applications of scanpath using are récemerging [2], [7]. Commonly given examples
are: perception-based visual information desigg. @dvertisement, websites) and intelligent man-
machine interfaces for disabled people [1].

The goal of this paper is to demonstrate the piatieapplication of this method to assessment
of reading skills in various aspects. Althoughtfamsea of interest was only to correlate of sebkcte
scanpath parameters with reading speed, the sdoper sesearch was extended to distorted text
reading and foreign language reading and reveatgéspdifficult to the reader.

1.2. FAST READING TECHNIQUE

Reading skills are usually cultivated at schoot, larely reading technique is optimally taught at
this stage. Reading is then a cultural-backgrountivated perceptual habit (eg. western cultureeead
intuitively starts reading at the left edge). Thetonic habits from childhood, sufficient to readdan
understand a simple message, remain in adultyuglthnot optimal in professional live in the
information society of today.
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Text messages perceived by human visual systesicBrmation of undefined importance. The
perception strategy and human visual search fornmdtion attributes higher relevance to the expecte
message, neglecting any side information as ndisat suggests a preliminary text glace anticipates
every actual reading.

This is a background of recent methods for fasfinggtraining. Main assumption is that 100%
understanding of every word is not necessary farecb interpretation of the whole message.
Consequently, some portions of text may be perdeimelarger blocks significantly increasing the
reading speed a the cost of not noticeable degwvadaf comprehension. The training consists in
cultivation of three skills:

- enlarging of visual field,

- elimination of vocal repetition,

- tolerance for temporal understanding problems.

Enlargement of visual field is particularly notitéa in the scanpath and this motivated our
hope that scanpath analysis may efficiently coatalio the reading skills assessment.

2. MATERIALS AND METHODS

2.1. INFRARED EYETRACKING TECHNIQUE

The OBER-2 infrared reflection based eyetrackemfd$ used in our visual research. The head-
mounted goggles illuminate each eyeglobe with &mljacent spots of total power of 5 mW#dm80ms
infrared pulses (wavelength 940nm) repeated atah®pling frequency. Four IR sensors per eye work in
a pair wise space-differential configuration anptgee two-dimensional trace of each eye at thedsppe
to 2000 samples per second during the presentatied by the 32k samples data buffer. Since the
sensor captures the visible light as well, a doudenpling method is used for the sidelight
discrimination. This specific time-differential nsesement relates the actual infrared reflectiodoet
to the sidelight background captured ca. 80ms éetioe LEDs become active. This measurement
method eliminates the influence of all common ligiirces and allows the device to achieve the angul
resolution of 0.02 deg.
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Fig. 1 Details on the Ober-2 eyetracker (a) phypigaciple and (b) general overview of goggles.
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2.2. VISUAL TASK METHODOLOGY

The experimental part of our research was basedsamies of visual experiments [3], [6]. These
required a participation of a human volunteer pering sequentially a set of visual tasks. Every new
observer answered a questionnaire specifying Higlodegree of fast reading expertise and sigettef
if any. Next, the observer was instructed as heherwould be expected to read the text displayed on
screen at a maximum speed. Moreover, before eadalviask, the observer performed a calibration
procedure providing an individual scanpath trangpos matrix. The matrix is calculated from
differences between standard calibration rectaswgedinates and corresponding scanpath trace add us
for correction of geometrical issues as far thgleyee capturing conditions are maintained. Eachabis
task consisted of three stages:

- the observer received a certain standardizeavliedge and was motivated to complete the

information from the scene,

- the observer scrutinized the scene in an uigtestrmanner, however only 8 initial seconds of

scanpath signal were analysed,

- the observer announced the completion of the tas

Since the scanpath is sensitive to unexpectedwarsebehaviour or other human factor, therefore
high degree of co-operation is essential. The sthnwas accepted if the measured degree of text
comprehence was greateer than 60%. Eight healtilynteers (5F+3M) participated in the visual
experimetns at various stages of their progresasinreading course. Unfortunately only two of them
were followed during the course by making visusksaat the beginning, at the end and two montbs aft
the course end, that is approximately in a two mmomtterval.
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WL L ’ ik kg orcsii- Nieklire moiody sy barden coule e iy
8] . A P e T e innych (np. biad wynikajacy ¢ zakldeen
It o eAlll T JANYCH jTes modes niekidry: 5 metodach
o ana nawe R, shy daliza -fu st byla RS lorkodo-
Wi Bt pdy - Innpch s it e adue 0 Wit iErresze straly.
Briinphdiecien dey wybeize kepresii e S el sprawy jest ustalenie typu
duilych wejsciow 000 dla pliky tekstowego dana neinds o8 Fardzo nieoplacalna,
podiczas wdy hediiz ona najles & wszystkich dla dwakoloowego obrazu (ap. dla

danych przesylanych przez faks.

Bardzo czgsto mozemy sig ez spotkac z polsczeniem paru metod [ub ze zmiany re-
prezentacji danych przed rozpoczgciem ostatecznego kodowania w taki sposch, aby dane
byly bardziej podaine na dang kompresje. Poswires temu oddzielny rozdziat,

Fig. 2. Example of text reading screen with dontiege scanpath superimposed
2.3. PREPARATION OF TEST SCENES
The scenes displayed for visual tasks were takah worresponding comprehence check

guestionnaire from a fast reading handbook or peepaurposely by a computer software [5]. The
software was used to mixing letters in the wordoeatingly to the programmed error rate. Usually the
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progressive rate was used, that means first liree welatively correct and the difficulty level was
increasing in next lines. Only Polish texts weredusn visual experiments. Text length was set
accordingly to the fastest reader in order to avé ambiguity of scanpaths after completion of the
visual task.

Policja
Tytul pochodzi od nazwy najbardziej elitarnej jednostki policyjnej
w Stanach, troche dzwii wige, ze wyjoatowks¢ te] foecmajri 1 sfecypika
jej metod dznataiia nie ulyczyzy filmowi nawet odboriny ornyinalgosei.
Jest to chyba najbaidzer; stcheayczmne kino akeji, jakie otladagem
w oitatnsch talach, niczym niendzriace si¢ od balanynch
filméw pjlicynyoch pokawyaznych tuminazi w tezewizlji. Zero powyslomosei,
zore inwencji, zero wyobzarni. To, Ze jest to szekokoeranrowy debiut

teienwzyljego doychetzas reszryea, nic stnowai zadegno usprawiwdlicienia.

Fig. 3. Distorted text example

Although the reading is usually linear from the tefthe right, the prolonged gaze and returns to
the middle of the line indicate difficulties. Theperiment aimed at studying the human capabildfes
text reconstruction and classification of the wdbgistheir importance in message understanding. This
experiment had two applications: adaptive erroremtion in a message transmission system and
objective skills assessment in foreign languagdimga

2.4. SCANPATH SIGNAL PROCESSING

Each visual experiment provides a four-column matpresenting raw eyeglobe coordinates at
the evenly spaced time points. Prior to the readimg observer is asked to gaze at the corners of
displayed calibration rectangle. Identificationtbése gaze points in the eyetrack allows to ca&ula
display-relative coordinates from the A/D convedetput.

All signal processing routines were developed intlllawith regard to the aims of visual
experiments. Main stages of this calculation inelud

- detecting the true confines of visual percepitiotihe scanpath: the end of initial idle time amel t

completion time,

- qualification of each foveation point in the sgath as belonging to the particular text section

- averaging of the number, duration and order d@sgrfoveation regions, separately for each text

line in the display,

Apart of the foveation points statistics, the doratind order describing foveation regions reveal
the perceptual strategy related to reading whicim@st interesting in assessment of fast reading
technique used and in error correction used wieaing a distorted text.
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3. RESULTS

3.1. FAST READING SKILLS

Main statistics of detected focuss attention posrs summarized in table 1. Second left
column contains average reading speed at a comuelhevel of at least 60%.

Tab. 1. Focuss attention statistics in fast readisgal experiments

observer | reading speed scanpath features
number (words per | gaze points per line gaze point size eye position variance
minute) [mm] in gaze point
1 250 9,1 18,68 3,5
2 300 7,3 23,29 3,4
3 550 6,1 27,87 3,1
4 700 5,8 29,31 2,85
5 1200 4,3 39,53 2,7
6 1100 4,1 41,46 2,9
7a 350 8,0 21,25 3,35
7b 720 5,7 29,82 2,95
7C 1150 3,8 44,74 2,6
8a 270 8,2 20,73 3,4
8b 450 6,8 25,00 3,05
8c 950 4,5 37,78 2,8
correlation with reading speed -0,96 0,98 -0.93

The correlation (r-Pearson) of the reading speed selected scanpath featyures is very high,
the scanpath statistics are good estimators ofngagpeed.

3.2. ERROR CORRECTION SKILLS

Among of 288 presentations of distorted texts doig on average 74,7 £9,2 characters 62
events of gaze return were detected. The detectitamia were formulated as following:
- both eyes should move towards the left
- the return should begin after the line scannitagt and before reaching the line end -
jumps reaching margins were not considered,
- length of return was expressed as percentagsaifline length
The average return length was 18,615mm i.e.10,9%8/44%) of the line length. Considering
that the average text line contains 12,8 gaze poivé conclude that:
- text interpretation failure causes gaze returtihéolast perceived text section
- averach character count per gaze point is 5,8&hwis inferior than the result of
unconstrained reading.
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4. DISCUSSION

High correlation of the scanpath statistics witk tonventionally measured reading speed
justifies our initial assumption of their usefultseto the objective assessment of reading skills.
Similarly these statistics may also be used asrpssgestimators in fast reading training.

The visual reconstruction of distorted text revdaligh capability of human brain to
anticipate or complete a truncated message. Asdsrige text was comprehensible to the reader no
return events were observed. In case of doubtglikerver intuitively returned to the last ideeiifi
word. This common strategy may be used for objecissessment of fluency in foreign language
reading. The statistic and classification of wodd§cult to the reader may quantitatively represen
readers skills.

With all the reported funcionality, the scanpathvesy sensitive to the voluntary observer
cooperation during visual tasks. Poor co-operatiomisunderstanding of visual task rules was the
main reason for exclusion of 18% of records from #tanpaths statistics. The result is also
influenced by psycho-physiological factors diffictd control during the visual experiment:

- observer-dependent features varying from oneopeis another: eyesight defects influence,

anatomy, perceptual and motoric skills etc.

- observer status-dependent varying for each peréfmm one day to another:

psychophysiological status, drugs, climate inflieeatc.
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