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Abstract 

The oculo-motor re ects the viewer s ability to process visual infor- 
mation. This paper examines whether the oculo-motor was affected 
by two factors: rstly task dif culty and secondly eye-movement  
frequency. In this paper, oculo-motor indices were de ned as 
measurements of  pupil size, blink and eye-movement_ For the pur- 
pose of  this study, two experiments were designed based on previ- 
ous subsequcntial ocular tasks were subjects were required to solve 
a series of  mathematical problems and to orally report their calcu- 
lations. 

The results of  this experiment found that pupil size and blink rate 
increased in response to task dif culty in the oral calculation group. 
In contrast however both the saccade occurrence rate and saccade 
length were found to decrease with the increased d i fcul ty  of  the 
task. The results suggests that oculo-motor indices respond to 
task dif culty. Secondly, eye-movement  frequencies were elicited 
by the switching frequency of  a visual target. Pupil size and the 
saccade time were found to increase with the frequency however, 
blink and gazing t ime were found to decrease in response to the 
frequency. There was a negative correlation between blinking and 
gazing time. Additionally, the correlation between blinking and 
saccade time appeared in the higher frequencies. 

These results indicate the oculo-motor indices are affected by 
both task dif eulty and eye-movement  frequency. Furthermore, 
eye-movement  frequency appears to play a different role than that 
of  task dif  culty. 

C R  Categor ies :  H.1.2 [User/Machine Systems]: Hu- 
man information processing [H.5.2]: User  Interfaces 
Evaluation/methodology 

Keywords: Eye-movement,  Pupil Size, Blink, Saccade, Gaze 

1 Introduction 

The oculo-motor systems are driven by a viewer s mental activ- 
ity such as problem solving. It has been found that eye pupil 

and blink respond to psychological and cognitive dif  culties[Beatty 
1982][Tada et al. 1991]. It has also been noted that pupil size in- 
creases in accordance to increased task di fcul ty  [Beatty 1982] 
and emotions[Hess and Polt 1964]. Therefore this information can 
be used as an index to estimate an individual s Mental Workload 
(MWL) [ISO 1991] for a task[Osuga 1992]. 

Eye-movement  is also known to change in accordance to the 
level of  mental activity an individual is engaging in[Takeda 1976]. 
The change of  saccade and gaze happens in response to the change 
of  blink or pupil size[Takahashi et al_ 2000b], however what still 
remains unclear is the role and possible relationship between eye- 
movement  and task difculty.  An issue of  particular importance 
was the attempt to establish which particular components of  eye- 
movement  were signi candy affected by a change in task dif  culty. 
In this paper, some measures were compared in order to extract 
possible relationships, these evaluations were then used to con- 
struct oculo-motor indices that acted as measurements for pupil 
size, blink, saccade and gaze. The oculo-motor indices changed 
differently among the viewing tasks of  our previous experiments: 
simple subsequential ocular task with an oral response task, a driv- 
ing simulation task which was conducted with a video-game com- 
puter[Takahashi et al. 2000a][Takahashi et al. 2000c][Takahashi 
et al. 2000b]. It was hypothesized that a viewer s mental work- 
load would increase in response to the oral response task and that 
a similar phenomena would occur in the driving-simulation condi- 
tion. However, it was assumed that the responses of  saccade, blink 
and gaze would be different amongst the various tasks. Some fac- 
tors were considered as reasons for the possible differences between 
the two experimental conditions: for example subject s attention, 
monotony, viewing eld size, etc. There was also a possibility that 
the frequency of  eye-movement  could be a contributing factor in 
the observed differences. 

The aim of this paper was to examine whether both task dif culty 
and eye-movement  frequency affect oculo-motor indices and the 
relationship among them. The following issues were addressed: 

To examine the changes in eye-movement  in response to an 
increase in a viewer s mental activity during a subsequential 
ocular task. 
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2. To examine the relationship among blink, saccade - -  gaze 
in response to the frequency of  eye-movement  with oral 
questions. 

For these purposes, two experiments were devised and conducted 
based upon subsequential ocular task with oral questions. 
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F igure  1 : The  subsequent ia l  ocular  task 

2 E x p e r i m e n t  I 

This  expe r imen t  was conduc t ed  in order  to examine  whe t h e r  eye-  
m o v e m e n t  changed  in r e sponse  to task d i f  culty dur ing  a subse-  
quential  ocular  task. 

2.1 Experimental procedure 

2.1.1 Stimuli 

Subsequent ia l  e y e - m o v e m e n t  were  i nduced  in order  to s imula te  nat-  
ural v i ewing  through the use  of  a visual  s t imuli .  Subjects  were  
asked to fo l low a target  symbol  ( + )  wh ich  swi tched  per iodica l ly  in  
each  second  on the  screen.  The  sample  o f  the  s t imuli  is i l lus t ra ted 
in F igure  1. The  symbol  swi tched  r andomly  on  a circle  whose  ra- 
dius was 5 deg in visual  angle.  Every  visual  angle  be tween  the two 
sequent ia l  target  pos i t ions  was xed to the radius  at 5 deg. The  
visual  angle  o f  gaz ing  was sugges ted  at a round  3 deg[Inui  1996], 
there fore  it was a s sumed  that  every s t imuli  swi tch  would  mot iva te  
saccadic  eye -movemen t .  This  visual  s t imul i  was d i sp layed  on  a 37 
inch v ideo  moni tor .  A pai r  o f  speakers  were  p laced  on  bo th  sides 
o f  the m o n i t o r  for  p rov id ing  audio instruct ion.  The  audio ins t ruc-  
tions were  p re - recorded  to a Min i  disc, and  then  p layed  back  to the 
v iewer  at  the same sound  level.  

2.1.2 Oral calculation task 

T h e  ca lcu la t ion  tasks were  g iven  to subjects  in  order  to activate 
menta l  activity dur ing  the  subsequent ia l  ocular  task. T h e  audio in- 
s t ruct ion for  an oral ca lcu la t ion  was p rov ided  as a st imuli .  The  task 
cons i s ted  o f  one  or  two digits mul t ip l ica t ion.  For  example ,  23 x 6, 
8 x 6, etc. Subjects  were  requi red  to solve  the mul t ip l ica t ion  prob-  
l em and  to give an oral answer  o f  ca lcu la t ion  process [Takahash i  
et  al. 2000b]_ 

2.1.3 Oculo-motors 

The  e y e - m o v e m e n t  of  the left  eye  was obse rved  by  an  eye- t racker  
(NAC:EMR-7) ,  w h i c h  was synchron ized  wi th  pupi l  observat ion.  
The  eye- t racker  output  c ame  in the  form of  x-y coordina tes  in i 
0 .1deg spatial  reso lu t ion  wh ich  s ignify  the degree  of  eye t racking 
dur ing  the  task. The  sampl ing  rate was 30Hz  and  the  sess ions  were  
r ecorded  on  N T S C  video.  

The  e y e - m o v e m e n t  speed was evaluated  as different ial  angles 
pe r  N T S C  frame.  To extract  the  saccade,  the e y e - m o v e m e n t  was 
d iv ided  into saccade  and gaze by  the  speed 40deg / sec [Eb i sawa  and  
Sugiura  1998]. In addi t ion,  the saccade  length  was compu ted  by  the  
s u m m a t i o n  of  di f ferent ia l  x-y  coordina tes  of  a saecade[Takahash i  
et  al. 2000b] .  
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F igure  2: Pupi l lary  c h a n g e  wi th  the  task  d i f  culty 
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F igure  3: B l i n k  rate change  wi th  the task di f  eulty 

Pupi l  s ize was m e a s u r e d  b y  p rocess ing  the image  of  the  eye sup- 
p l ied  by  the  tracker. B l ink ing  was de tec ted  and de ned  as those pe-  
r iod  where  the pupi l  appeared  to be  smaller.  As  b l ink ing  p reven ted  
e y e - m o v e m e n t  f rom be ing  detected,  the  data  for  e y e - m o v e m e n t  
dur ing  the b l ink  were  not  included.  B o t h  pupil  and  b l ink  were  also 
obse rved  at 30Hz. 

2.1.4 Design 

Seven  ma le  univers i ty  s tudents  took par t  in  this expe r imen t  as sub-  
jec ts  and  were  pa id  for  thei r  time. Subjects  were  requi red  to re- 
spond  to ten tasks, each  wi th in  10see intervals.  The  fo l lowing  st im- 
uli  sess ion was also conduc ted  wi thou t  any  ins t ruc t ion  as a control  
session.  

2.2 Results 
2.2.1 Definition of task difficulty 

Subjec t  s r esponses  were  divided into four  condi t ions :  cont ro l  wi th-  
out  ca lcu la t ion  task (control) ,  cor rec t  qu ick  rresponsc (fast  correct) ,  
correc t  s low re sponse  (s low correct)  and  incorrec t  response  ( incor-  
rec0 .  The  average  pe rcen tage  correc t  was 80.8%, and correc t  re- 
sponses  were  divided into two groups based  upon subjects  reac t ion  
t imes.  Task d i f  cul ty s e e m e d  to increase  r e sponse  t imes and  this 
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Figure 4: Saccade occurrence rate with  the task d i fcu l ty  
Figure 5: S accade length wi th  the task di f  culty 

was found to be the same for all four  conditions.  Most  subjects also 
supported this order as the task di f  culty. 

Pupil size was compared  among  the four response condit ions.  
Figure 2 shows average pupil  size with standard error across four 
conditions.  Pupil size was found to increase f rom control to incor- 
rect response. A n  analysis of  variance (ANOVA) was performed 
on the data in order to ascertain if  pupil size could be  affected by 
task dif culty. The source of  response condit ions was signi cant  
(F(3,295)=18.5, p < 0.01) when  performing a one-way ANOVA. 
The pupil size for  the response session was signi candy  larger than 
for the control session (p < 0.01). As with previous studies this 
results suggests that pupil size re ects task dif  cul ty[Beatty 1982]. 

Average bl ink rate with  standard error was also summar ized  
in Figure 3. The  gure shows that  the blink rate increases in 
accordance to response conditions.  The  source of  the condi t ion 
found to be signi cant for the bl ink rate when  per forming a one- 
way ANOVA (F(3,363)=9.4, p < 0.01). The  bl ink rates for cor- 
rect[slow] and incorrect  responses were signi cantly h igher  than 
those for the control  session (p < 0.05). In particular, the bl ink 
rate for incorrect  responses were twice those found for  the con-  
trol session. This nding  suggests that  subjects bl inked more fre- 
quently when  issuing incorrect  responses.  Both  the results of  Figure 
2 and Figure 3 concur  with subject  s impression and previous stud- 
ies[Beatty 1982][Tada et al. 1991 ]. These  ndings suggest  that  task 
dif  culty can be  de ned by both pupil  and bl ink changes.  

2.2.2 Thesaccade occurrence rate 

To examine the in uence of  b l ink to the saccade, the saccade fre- 
quency for the response  condit ions were compared,  because of  the  

noted negative correlat ion be tween  the bl ink rate and the saccade 
rate as suggested in a previous study[Takahashi  et al. 2000b].  

The  occurrence rate of  saecade was de ned  as the n u m b e r  of  sac- 
cades per  second. The  change  in the occurrence rate of  saccade with 
standard error was illuslrated in Figure 4. The  rate for the control  
session was around 1.0 saccade/sec when  responding to the st imuli  
switching interval. The  rate for the correct[fast] was the same as 
that for the control  session, however  the rate decreased in the re- 
sponse condi t ion of  correct[slow] and incorrect.  The  source of  the 
response condit ion was found to be  signi cant  when  analysing the 
results using a one-way ANOVA (F(3,241)=10.5,  p < 0.01). The  
rate for incorrect  response was signi candy  lower than the control  
and fast correct response (p < 0 . 0 5 ) .  

2.2.3 The saccade length 

In order to compensa te  for the reduced saceade frequency, the 
length of  saccade had to be  controlled.  The  average length of  the 
saccade was then compared  across the response condit ions.  The av- 
erage length of  saccade with standard error was summar ized  across 
the condit ions in Figure 5. The gure shows that the length was 
shortened within the response  condit ions.  To examine  the change  of  
length, an ANOVA was conducted.  The  source of  the response con-  
dition was also signi cant  (F(3,242)=6.0, p < 0.01). The  results 
suggest  that the length for  an incorrect  response was signi cantly 
shorter  than for  the control and fast  correct  response.  

2.3 Discussion 

Total gazing time, another  measure  of  eye-movement ,  was found to 
signi candy  decrease across the response condit ions.  Conduct ing  
ANOVA, the source of the condi t ion was signi cant  ( _ F ( 3 , 2 4 8 )  = 
12.3, p < 0.01). The relative time for gazing was compared  across 
the condit ions and results revealed that  the average t ime for bo th  
slow correct  and incorrect  response was signi cant ly lower than 
that  for  the control.  

T h e r e  was no signi cant  difference for all indices between the 
control condit ion and fast correct  response  wi thout  pupil  size. De-  
spite gazing t ime signi cantly decreasing in the group of  incorrect  
responses,  for  the incorrect  response the saccade occurrence rate 
was the lowest  and more  signi cantly the saccade length was the 
shortest. This suggests that  eye-movement  measures are in uenced 
by the increase of  invisible t ime when  blink rates are higher. As 
a result, eye-movement  suppression appears in response  to men-  
tal task difcul ty.  Furthermore,  it is very interest ing that  task 
dif  culty affects eye-movement  behav ior  despite subjects hav ing  
enough time in slow subsequent ial  ocular tasks. This lading pro- 
vides fur ther  evidence that  task dif  culty in uences measures  of 
eye-movement_ 

3 Exper iment  II 

This exper iment  was conducted in order to examine  whether  the re- 
lat ionship among  oculo-motor  indices would be  signi cantly af- 
fected by eye-movement  frequency. 
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Figure  6: Relat ive pupil size with the target switching frequency Figure 7: Bl ink t ime rate with the target switching f requency 

3.1 Exper imental  procedure  

The same subsequential  task in Exper iment  I was conducted.  Eye-  
movemen t  f requency was control led in all ve levels by switching 
the frequency of  the target symbol.  An  oral response task was also 
administered to subjects and was the same as that noted in Experi-  
ment  I. 

Four  male university students aged be tween  22 and 25 years o f  
age took part in this exper iment  as subjects and were paid for their 
t ime. Switching frequencies  of  the target were  controlled at 0.8, 
1.0, 1.5, 2.0 and 2.5Hz. The  switching target could evoke eye- 
movemen t  in the same frequency. The control session was also con- 
ducted without  any audio instruction. Therefore,  the target switch- 
ing frequency was added to the experimental  parameters as laid out  
in Exper iment  I. 

3.2 Results 

In Exper iment  II, the responses were  divided into three conditions: 
control, correct, and incorrect response. Because  there was lit- 
t le difference between fast correct  and slow correct  in Exper iment  
I. The  percentage correct for the oral task was 83%. The eye- 
movements  were  frequent  in response to the target switching, blink, 
saecade and gaze were  evaluated as costing t ime rate[Takahashi 
et al. 2000b] in Exper iment  1I. 

3.2.1 Pupil response 

Pupil  size was compared among the three response conditions along 
with the target switching frequency. Figure  6 shows the change of  
the average pupil  size with standard error. Pupil size increased with 
the response condit ion in the same order as that found in Experi-  
ment  I. In addition, pupil  size increased with target switching fre- 
quency. An ANOVA was conducted to assess the signi cance o f  
the pupillary change, both sources o f  the response condit ion and 
the target switching frequency were  found to be signi cant (the re- 
sponse condition: F(2,492)=19.2, p < 0.01; the target switching 
frequency:  F(4,492)=19.9, p < 0.01), and the interaction o f  those 
sources was not however  signi cant (F(8,492)=0.6, p = 0.75). This 

nding suggests that an increased switching f requency increases 
task dif  culty and mental  workload thereby making  it harder to fol- 
low the visual target. 

3.2.2 Blink response 

The change of  bl inking t ime rate was summarized using the same 
format  in Figure 7. This result  suggests that blink costs t ime for 
6 11% of  the total observed time. Bl inking times were seen to 
increase across the response condit ions as wel l  as in Exper iment  
I. However,  blink decreases were  noted with target switching fre- 
quency. The  differences of  blinks can be suppressed according to 
the target switching frequency. If  this measure  is taken then there 
is a small  differences be tween  the correct  response and the con- 
trol in higher  f requency condit ion o f  target switching. Both  sources 
o f  the task d i f  culty and target switching frequency were  analysed 
using a two-way A N O V A  and were  found to be signi cant (re- 
sponse condition: F(2,371)=5.7, p <7 0.01; switching frequency:  
F(4,371)=9.3, p < 0.01), the interaction o f  those sources was not 
signi cant (F(8,371)=0.2, p = 0.98). 

In Exper iment  I, both pupil  size and blink rate were  found to 
increase with in line with an increase in task dif  culty. Both were  
also seen to increase in line with task d i f  culty in Exper iment  II. 
Pupil  size and blink do however  reveal a different tendency with 
the target switching frequency measure.  This result  suggests that 
blink is suppressed by frequent  eye-movements  which are caused 
by the fol lowing of  a visual target. 

3.2.3 Gazing time 

As blink time decreases, gazing time should change in accordance 
to its relationship to blink time. The gazing time, which was de ned 
as the rate of gazing for the total observation period, are illustrated 
in Figure g. The gazing time rate decreased across the response 
conditions as well as in Experiment I. 

A deviation of gazing time for the control session was found 
to be more frequent than that for incorrect responses. The devi- 
ation decreased for higher frequencies of target switching. Both 
sources of task dif culty and the target switching frequency were 
found to be signi cant during an ANOVA analysis (response condi- 
tion: F(2,394)=3.0, p <7 0.05; switching frequency: F(4,394)=4.2, 
p <7 0.01). The interaction of the factors was not signi cant 
(F(8,394)=0.3, p = 0.96). The result of this ANOVA suggests 
that gazing time rates decrease with task dif culty and that of target 
switching frequency. 
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Figure 8: Gazing time rate with the target switching frequency Figure 9: Saccade time rate with the target switching frequency 

Table 1: Correlation coef cient between blinking and gazing time 

target switching 0.8 1.0 1.5 2.0 2.5 
frequency (Hz) 
blinking time -0.97 -0.97 -0.95 -0.90 -0.84 
---gazing time co<o..]) co<o..J) (p<o.oo ~<o.oo (p<o.o,) 

Table 2: Correlation coef cient between blinking and saccade time 

target switching 0.8 1.0 1.5 2.0 2.5 
frequency (Hz) 
blinking time -0.04 -0.21 -0.23 -0.37 -0.43 
---~accade time ~=0.75) (p<o.]n) (p<o_os) (p<o.o,) ~<o.o]) 

3.2.4 Correlation of blinking and gazing time 

A trade-off relationship is suggested between blinking and gazing 
time in problem solving situations[Takahashi et al. 2000b]. The 
possibility of relationships within this study s data set were also 
examined. Correlation cocf cients are summarized in Table 1. 

All correlation coef cients were found to be signi cant and 
showed a strong negative correlation. The trade-off relationship 
was examined within those coef cients. It was found that blinking 
time rates increased within the response condition, despite gazing 
time rates decreasing within the condition. Both these changes con- 
sisted of negative correlations. 

Additionally, the absolute value of the coef cient slightly de- 
creased with the target switching frequency (-0.97 to -0.84). The 
variance of both time rates were suppressed according to the switch- 
ing frequency. It was considered that the decrease of variance af- 
fects to change for the absolute value of the coef cient. 

3.2.5 Saccade time 

The target switching frequency must affect the saccade directly. To 
examine the effect of the frequency to the saccade, the saecade 
time rates with standard error are summarized in Figure 9. Fig- 
ure shows that the saccade time rate monotonically increases with 
frequency. The deviation of the saccade time among the response 
conditions also increases with the frequency. Two-way ANOVA 
was conducted on the saccade time rate. Both sources of the task 
dif culty and the target switching frequency were found signi cant 
(response condition: F(2,520)=5.8, p < 0.01; switching frequency: 
F(4,520)=42.8, p < 0.01). The interaction of both sources was 
not signi cant (F(8,520)=0.8, p = 0.58). The result suggests that 
both task dif culty and switching frequency affect saccade time sig- 
ni cantly, and similarly task dif culty reduces the saccade time to 

follow the target. 

3.2.6 Correlation of blinking and gazing time 

A viewer has to have some invisible time during both blinking and 
saccade time. The trade-off relationship has been suggested be- 
tween both blinking and saccade time[Takahashi et al. 2000b]. The 
correlation coef cients are summarized in the same format as in 
Table 2. 

Results show that the correlation coef cient between blink time 
rate and saccade time rate gradually changc.d according to the target 
switching frequencies (r=-0.04 to -0.43). There was little correla- 
tion in the area of lower frequencies of eye-movement, but a sig- 
ni cant correlation appears in frequent eye-movements over 1.5-- 
2.0Hz. 'ntis suggests that the trade-off relationship is dependent 
on eye-movement frequency. Because the eye needs to keep visible 
time despite invisible time increasing such as the periods when the 
frequeneyofeye-movementishigber, thena trade-off relationship 
appears between blink and saccade occurrence. 

3.3 D iscuss ion  

Experiment 1I examines whether the factor of eye-movement fre- 
quency affects the oculo-motors. The target switching frequency 
may evoke the eye-movement frequency. Increasing the frequency 
of a visual target to follow may lead to a viewer s mental workload 
to be increased. 

3.3.1 The frequency factor 

Pupil size increases within the response conditions as task dif - 
culty increases. This increase is also seen to occur when the target 
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switching frequency condition is applied. Both increases indicate 
that the viewer s mental workload increase and that this increased 
workload is an important factor in experimental situations. Blink- 
ing time also increases with the task dif culty of an oral calcula- 
tion. This response was found to occur in Experiment I. However, 
blinking time decreases with the target switching frequency. The 
responses show different and opposite consequences between these 
two factors of dif culty and of frequency. This result suggests that 
task dif culty and eye-movement frequency are different factors of  
change of oculo-motor indices . 

The decrease of  gazing time with task dif culty as noted in Ex- 
periment I was a nding in line with a previous study[Takahashi 
et al. 2000b]. Gazing time was also seen to decrease with tar- 
get switching frequency. Therefore, both task dif culty and eye- 
movement frequency can be said to affect the decrease found in gaz- 
ing time. The saccade decreases with task dif culty and was noted 
in the ndings of Experiment I and a previous study[Takahashi et al. 
2000b]. According to the target switching frequency, saccade time 
increases monotonically. As a result, both factors of task dif culty 
and eye-movement frequency affect oculo-motor indices . Addi- 
tionally, a change of  the indices for task dif culty is independent 
on eye-movement frequency. 

3.3.2 'Trade-off' relationship 

The correlation coef cient in Table 1 indicates a strong negative 
correlation between blink and gazing time. The absolute value of  
the correlation coef cient changes in a smaller range with the fre- 
quency. This trade-off relationship has also been shown in the 
previous studies[Takahashi et al. 2000a][Takahashi et al. 2000b]. 
However, the responses of blink and gaze were different among 
those. In this experiment, both task dif culty and eye-movement 
frequency were found to affect blink and gaze respectively. There- 
fore, it is interesting to consider which factor mainly affects the 
negative correlation. According to Figure 7 and 8, both deviation 
of the change are suppressed in response to the target switching 
frequency. That suppression may affect the slight decrease of the 
coef cient with the frequency. 

The factor of  another Irade-off relationship between blink and 
saccade time still remains unclear, as this relation appears to depend 
on the particulars of  the experimental condition. Table 2 shows 
a change in the correlation coef cient between blink and saccade 
time. For lower frequencies of eye-movement, the correlation co- 
ef  cient is not signi cant. This suggests that task dif culty bears 
little in uence to this relationship, as task dif culty is independent 
of  the frequency. However, the relationship appears to be stronger 
when eye-movement frequency is higher. Therefore, the trade-off 
relationship between the blink and saccade time depends on higher 
eye-movement frequency. 

4 Conclusions 

This study was constructed to critically examine evaluate the oculo- 
motor and the role of  eye-movement changes, task dif culty and 
mental workload. Two experiments based on subsequential ocular 
tasks with oral calculation were conducted. 

Firstly, both pupil size and blink rates were found to increase 
with task dif culty. Additionally both the saccade occurrence rate 
and the saccade length decreased in response to task dif culty. 
These results suggest that oculo-motor indices change according 
to task dif culty. 

Secondly, eye-movement frequency appears to affect the oculo- 
motors. It was found that the responses to the frequency are differ- 
ent for task dif cul ty, and that eye-movement frequency plays a role 
as another factor for oculo-motor indices . The trade-off relation 

between the blink and saccade time depends on eye-movement fre- 
quency. 

The results provide evidence that the oculo-motors can be a use- 
ful index for task dif culty and that eye-movement frequency af- 
fects the measures of  the oculo-motor. To inspect how both factors 
of  task dif culty and eye-movement operate in natural viewing con- 
ditions and to extract other factors of oculo-motor change are issues 
that require further research attention_ 
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