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Abstract

Novices were trained to perform a unimanual peg transport task in a
laparoscopic training box with an illuminated interior displayed on
a monitor. Subjects were divided into two groups; one group was
verbally instructed to direct their gaze at distant targets, while the
other group had their gaze behaviour implicitly manipulated using
distant target illumination. Both groups achieved similar task com-
pletion times post-training and developed peripheral vision strate-
gies leading to delayed foveation on targets until the instrument was
closer to its destination, although the ability to focus on targets ear-
lier during manual movements as done by an expert surgeon was
quickly regained by the verbal instruction group post-training. This
suggests that care should be taken when employing visual attention
cuing methods such as target highlighting for training eye-hand co-
ordination skills, as simple verbal instruction may be sufficient to
help trainees to adopt more expert-like gaze behaviours.
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1 Introduction and background

Laparoscopic surgery is a minimally-invasive technique in which a
surgeon uses long, slender instruments to operate inside a patient’s
abdominal cavity, guided by a video camera displaying the surgical
site on an external monitor. Due to requiring only a few small in-
cisions compared to traditional open surgery, patient morbidity and
recovery times are greatly reduced, at the expense of requiring spe-
cial training on the part of the surgeon to learn a new, non-intuitive
mode of surgical manipulation. With indirect manipulation with re-
duced tactile feedback and indirect vision without depth perception,
surgeons must learn the motor transformations to produce the nec-
essary visual and surgical outcome [Ibbotson et al. 1999]. Since
visual input becomes extremely important in such image-guided
procedures, studies have been made to observe eye movement be-
haviours in laparoscopic operators as they progress in skill level.

Various studies consistently demonstrate gaze behaviour differ-
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ences between expert and novice operators in various domains in-
cluding laparoscopic surgery. In certain task-specific training sce-
narios, experts were found to make faster, larger saccades and
longer fixations than novices [Kocak et al. 2005], as well as spend-
ing a higher proportion of task time gazing at the proper targets
[Wilson et al. 2010b]. Another behavioural difference was estab-
lished by Law et al. who observed that surgical novices perform
tool-tracking rather than target-tracking as done by experts [Law
et al. 2004]. Differences continue to hold under the extreme opti-
cal magnification conditions of microneurosurgery, where experts
viewing static images captured from live operations were quicker
to visually attend to critical areas of the scene and made longer fix-
ations on these precise areas compared to novices viewing the same
images [Eivazi et al. 2012]. In addition to performance and manual
differences, expert surgeons were also found to experience lower
cognitive loads than novices while operating, allowing the experts
to be more aware of potential hazards in the working environment
not directly occurring at the surgical site [Zheng et al. 2010].

It has been postulated that task learning in the surgical domain
could be accelerated by training novices to adopt expert gaze be-
haviours [Wilson et al. 2010a]. Such studies were conducted, ad-
ministering gaze training using explicit verbal instructions [Wilson
et al. 2011] and implicitly with modifications to the visual scene
[Vine et al. 2012; Vine et al. 2013].

Due to the tendency of novices to tool-track, which is considered
harmful, this study used settings which allowed full vision of the
scene, with the addition of illuminated targets to indicate the next
destination for tool movement. Therefore, trainees were still able to
make tool-tracking eye movements if they wished, but could have
their attention drawn to a more salient target. This is unlike the
setting used by Vine et al. to promote gaze training, which applied a
software-based mask over the laparoscopic display, darkening non-
target areas of the screen [Vine et al. 2012; Vine et al. 2013].

Under these new experimental conditions, we hoped to achieve sim-
ilar results to Vine et al. [Vine et al. 2012; Vine et al. 2013] who
demonstrated with a large sample of 27 to 36 subjects that trainees
who underwent a gaze training protocol were able to complete a
task roughly 25% faster than subjects who learned the task without
any instruction. Furthermore we wished to compare the effect of
an implicit visual gaze training using target illumination to an ex-
plicit verbal instruction of gaze targeting such as that administered
by Wilson et al. [Wilson et al. 2011] but without any additional vi-
sual cues. Specifically, we hypothesize that after training, novices
subjected to a visual highlight gaze training will more rapidly adopt
gaze patterns similar to an expert surgeon, and that while both ver-
bal and visual training groups will display increased task perfor-
mance, the visual training group will produce shorter task com-
pletion times, in line with the behavioural and objective changes
observed in the research of Vine et al.

On the other hand, if our findings can demonstrate that verbal in-
structions alone are sufficient in cuing attention of novices so that
they adopt expert-like strategies, it would have significant implica-
tions into the design of eye-hand coordination training procedures.
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2 Methods

We designed a laparoscopic peg transport environment with LED-
illuminated targets linked to a series of electrical switches activated
by placement or removal of the transported peg at the target loca-
tions, to visually cue learners to the next movement destination.

2.1 Apparatus

The training platform was based on existing laparoscopic education
tools, with eye tracking performed by a Tobii X2-60-Wide remote
eye tracker with a sampling rate of 60Hz [Tobii Technology]. A 3D
Medical Services training box [Franklin, OH] was used, with its
joystick camera removed and replaced with a fixed-position high
framerate web camera, providing a laparoscopic view in 640×480
resolution at 60Hz. The data collection was managed using Tobii
Studio 3.2.1 in 64-bit Windows 7. The training box contents were
displayed on 4:3 aspect ratio LCD monitors with native resolution
of 1600×1200. A photograph of the experimental setup at the Uni-
versity of Alberta is shown in Figure 1.

Figure 1: Peg transport setup with Tobii X2-60 Wide eye tracker
attached to Stryker Vision Elect HD monitor

Inside the laparoscopic training box, three illuminated cups and a
simple horizontal push-switch were used as training targets and ar-
ranged in a similar layout as earlier peg studies [Atkins et al. 2012].
Each target had one 5mm red LED affixed adjacent to it. The phys-
ical peg board is shown in Figure 2.

Figure 2: Photographs of pegboard showing possible illumination
states. From left to right: target dish at top illuminated; target dish
at LHS, target dish at RHS, and target “Home” position.

The cups had an outer diameter of 20mm and were arranged in
an equilateral triangle with side lengths of 103mm. The central
home button measured 15mm on each side and was given a tactile
surface of textured hooks. The transported peg was a steel standoff
with a 20mm hexagonal shaft with a 6mm threaded end which was
wrapped with a thin layer of cloth tape to provide more compliance
when held with the laparoscopic grasper.

The sequence of target illumination was controlled by a custom
program on a microcontroller platform [arduino.cc]. Each target
cup contained a mechanical switch which detected insertion and
removal of the transported peg, and the home target was also con-
structed with a switch that could be depressed directly using the la-
paroscopic instrument. Based on activation of the various switches,

targets were illuminated in the same order defined in an earlier
study [Atkins et al. 2012]. With this electronic setup, illumination
state changes were automatic and instantaneous, transitioning as
soon as a subtask was completed without any reaction time lag from
an experimenter-controlled manual interface. The subtask comple-
tion timestamps were electronically logged, eliminating the tedious
and subjective step of manual subtask annotation from video as was
done in earlier studies [Atkins et al. 2012].

2.2 Participants and procedure

Experimental participants included one qualified medical resident
specializing in laparoscopic surgery, and eight novices who were
naı̈ve to laparoscopy. Performance data and gaze data recorded
from the expert participant served as a reference point against which
the novice data were to be compared. Subjects were provided a
written description of the experimental goals and then asked to give
signed consent to participate. Each completed a short question-
naire to collect demographic data; expert-level subjects were given
an additional survey to determine their surgical experience score
[Zheng et al. 2010]. Next, subjects were given a written/pictorial
description of the experimental task and shown a demonstration by
the experimenter. In a seated position, they were allowed to use
the grasper to practice insertion and removal of the peg from each
of the cups approximately five times. Subjects then underwent a
9-point calibration procedure in Tobii Studio.

After completing three untrained trials of the task as a baseline per-
formance measure, novice subjects were randomly assigned to one
of two training conditions: unlit targets with verbal gaze direction
(similar to discovery learning as in Vine et al.’s study [Vine et al.
2012], DL, but with the important difference that these subjects
were verbally instructed to gaze at the target rather than the tool),
and illuminated targets without any explicit verbal direction (gaze-
trained, GT). Subjects using the illuminated condition were only
informed that the targets would be lit and were not explicitly asked
to adjust their gaze in any way.

All novice subjects then completed six blocks of five trials each
for a total of 30 trials under their assigned training conditions, with
breaks as necessary in between blocks. After completing the sixth
training block, subjects were asked to complete an electronic ver-
sion of the weighted NASA Task Load Index survey as well as an-
other brief survey to assess their perception of the training stimulus.

Finally, the training stimulus was removed and each novice subject
completed three more trials of the experimental task to measure the
retention of the skill. Full participation in the study typically lasted
30 to 45 minutes, with individual trials lasting from 25 seconds to
2 minutes.

2.3 Data analysis

Each trial was divided into 9 subtasks as detailed in [Atkins et al.
2012]: reaching and grasping tasks (RG) involved moving the
grasper from the central home position to grasp the peg resting in
one of the target cups; transport tasks (TR) were done by moving
the peg from its original position to the next target cup; homing
tasks (H) involve returning the empty grasper to the home position
once the peg is inserted into its target cup – a single trial consists of
three of each of these subtask types.

Subtask completion time was electronically recorded by the appa-
ratus, as well as a measure of the spatial separation between the
instrument and target location at the moment the target is visually
acquired by the subject. This eye measure is reported as the Eu-
clidean distance between the target and instrument tip at the mo-
ment of visual target acquisition, divided by the Euclidean distance
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Figure 3: Mean subtask (± 1 S.E.) completion time by experimen-
tal block (blocks 2 – 5 omitted). A horizontal red line roughly in-
dicates the performance achieved by the expert surgeon. A shorter
bar indicates better performance.

Subtask type
VT vs GT RG TR H
baseline 0.437 0.096 0.294
retention 0.324 0.461 0.060

Table 1: Completion times compared using two-tailed t-test by sub-
task. n = 36 each for VT and GT (4 subjects × 3 of each subtask
type × 3 trials).

between the current target location and the previous target location.
The step of division is simply done to normalize the measure over
different inter-target distances - for example, it can be seen that TR
subtasks necessarily involve movement of the grasper over larger
distances than the RG and H subtasks.

The use of this tool-target separation measure contrasts with the
“target-locking” eye measure score used by Vine et al. [Vine et al.
2013] which counted the proportion of time spent in fixations over
the required target to time spent fixating on the instrument. In
Vine’s study, use of this target-locking measure made possible with
a head-mounted eye tracker that could reliably maintain a steady
view of the wearer’s eye over the entire duration of the experimental
trials. In our study, we were interested in more precisely observing
the point of gaze within the surgical training scene, and this require-
ment for high spatial resolution (0.5◦ visual angle) was met with a
remote Tobii X2-60-Wide eye tracker. However, with a remote eye
tracker, subjects may move out of tracking range, resulting in inter-
mittent data loss. Thus it was more appropriate to use instantaneous
gaze measures for each subtask rather than relying on the availabil-
ity of valid fixations over an entire trial to provide a measure such
as a target-locking score.

3 Results

The collected data had a mean proportion of invalid/missing data at
0.09 (min. < 0.01, max. 0.26). Analysis was performed on filtered
data with a moving average and gap-filling interpolation.

The mean duration of subtasks through progression of training is
shown in Figure 3. The expert performed quickest at baseline with-
out any practice. A table of independent-samples t-test differences
in subtask performance between the two training groups is provided
in Table 1, showing that the training groups did not show signifi-
cantly different subtask completion times. A Bonferroni correction
applied for a family-wise significance level of 0.05 with 12 tests
yields individual test significance at p ≈ 0.004.

The tool-target separation measure is illustrated in Figure 4. Train-
ing condition t-test differences for this measure are given in Table 2.

Figure 4: Mean tool-target separation (± 1 S.E.), normalized by
the distance between the movement origin and destination. The
reference lines show expert behaviour at baseline for the RG task,
and approximately for TR and H subtasks. A longer bar indicates
more target-oriented gaze behaviour.

Subtask type
VT vs GT RG TR H
baseline 0.020 0.026 0.043
retention <0.001* <0.001* <0.001*

Table 2: Tool-target separation differences compared using two-
tailed t-test by subtask. Values of n are the same as in Table 1.

Significantly different table entries at the corrected level are marked
with an asterisk.

Table 2 together with Figure 4 show that on average the novices be-
gin training with gaze behaviour not significantly different from the
expert. The GT novices remain the same as they started, whereas
the VT group significantly increased their tool-target separation be-
yond expert-levels at retention.

4 Discussion

The results obtained were contrary to the expectation set by the
study of Vine et al. [Vine et al. 2013]. While Vine was able to
demonstrate a significant effect of his gaze training method to both
task completion time and a target-locking measure, his findings
were not supported in this particular experimental setting.

Subjects in both training conditions approached expert-level task
performance by the end of the training period, with no statistically
significant performance difference between the two training groups
(Figure 3 & Table 1). Surprisingly, the GT group did not exhibit any
change in performance when target illumination was removed dur-
ing the retention phase. It may be concluded that the task was repet-
itive enough that the task’s motor requirements were predictable
and already learned well enough, so that the added visual cues were
no longer needed.

The VT group at baseline exhibited more target-oriented behaviour
on the tool-target separation measure than the GT group, although
this may be largely attributed to population sampling - it can be seen
in Figure 4 that while not significantly different, the VT group al-
ready demonstrated a relatively higher measure during the baseline
phase.

During the training blocks, all the subjects had a progressively
lower tool target separation measure, while their performance
steadily improved. This may arise due to developing a strategy of
directing the tool to the target by using their peripheral vision, made
easier because of the predictable nature of the target locations.

Neither group was given any specific instruction about the task be-
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fore the retention trials, which were performed after a time gap dur-
ing which the post-training questionnaire was completed. During
the retention trials, the gaze behaviour of the two groups became
significantly different (Table 2 & Figure 4), when the VT group ap-
peared to gaze at the target to direct the tool for the retention trials;
recall that they had received the instruction to gaze at the target be-
fore their training blocks. However the GT group did not change
their eye behaviour on the target between the training trials and the
retention block, although the lights were switched off. Both groups
performed similarly at the retention trials.

This implies that using verbal instruction to direct their gaze to-
wards the next target might be as effective as more complex gaze
training methods in a simple repetitive task where peripheral vi-
sion can be employed and the targets are totally predictable. This
seems to contradict the findings of Masters et al. which indicate
that manual skills learned under explicitly verbal instruction are
not as robust as those learned implicitly by observation [Masters
et al. 2008]. Although we did not find any significant difference
in task performance between the two training groups, the high de-
gree of tool-target separation at retention for the VT group suggests
that a target-oriented gaze behaviour is still learned eventually, and
the verbal instruction may allow trainees to bypass the step of dis-
covering this target-oriented behaviour which, while not correlated
with completion time for this simple, repetitive task, may be a use-
ful ability when performing more complex and dynamic task se-
quences.

The use of target illumination for gaze manipulation allowed GT
subjects to use peripheral vision; however, with a darkened mask as
used by Vine, the more pronounced highlighting as well as partially
obscuring non-target areas conceivably discouraged peripheral vi-
sion of targets. Thus the two different highlighting methods could
each give rise to very different gaze strategies by trainees.

On the technical side, Vine et al. employed a head-mounted eye
tracker, whereas a remote system was used here. One is stronger
where the other is weak and vice-versa as discussed above, but as
a result it is infeasible to collect the same gaze parameter measure-
ments for direct comparison. Although it was necessary to use a
different eye measure with our setup, the progress of the subjects’
task performance could still be monitored, in spite of the task itself
being quite different, requiring considerably high precision to insert
the peg into the target cups at the correct angle.

Lastly, the participant pool in this study is smaller compared to the
36 subjects recruited in Vine et al.’s study. The results here were
prone to be skewed by sampling error, for example with our VT
group exhibiting noticeably different gaze behaviour from the GT
group at baseline. The effects of such anomalies can be reduced if
the study is in the future expanded to include more novice trainees.

5 Conclusion

Previous attempts to train novice surgical trainees to adopt expert-
like gaze behaviours have shown success in both gaze behaviour
manipulation and rapid skill acquisition under certain experimental
conditions. This study presented an alternative difficult task and
gaze training method using a fixed-camera laparoscopic simulation,
which led to a peripheral-vision-oriented gaze strategy that yielded
neither harm nor benefit over a simple verbal gaze instruction. In
future work, a control group receiving neither verbal nor visual gaze
training will be studied to assess the benefit of such gaze training
effects and to investigate the transfer of gaze behaviors to more
complex tasks.
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