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Abstract — X-Ray screening of passenger bags is an
essential component of airport security. Large investments into
technology have been made in recent years. However, the
most expensive equipment is of limited value, if the humans
who operate it are not selected and trained appropriately.
Scientific studies have shown that human performance in x-ray
image interpretation depends critically on individual abilities and
visual knowledge acquired through experience on the job and
training. The aim of this study was to investigate the effect of
adaptive computer-based training for increasing the detection of
guns, knives, improvised explosive devices (IEDs), and other
prohibited items. 97 airport security screeners of a European
airport participated in this study. At the beginning of the project,
all airport security screeners conducted the X-Ray Competency
Assessment Test (X-Ray CAT). Thereupon they received
adaptive computer-based training (CBT) for about 4 months.
Then they conducted the X-Ray CAT the second time in the
middle of the project. This was followed by about 4 months of
CBT and a third test with X-Ray CAT at the end of the project.
The goal was that each screener conducts at least one 20
minute training session per week. Substantial increases of
detection performance were found as a result of training, which
depended on the threat category (guns, IEDs, knives and other
prohibited items). The largest training effects were found for
IEDs. Additional analyses showed that training not only leads to
an increase of detection performance but also results in faster
response times when an x-ray image contains a threat object.
Thus, recurrent CBT can be a powerful tool to increase
efficiency in x-ray image interpretation by airport security
screeners.
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. INTRODUCTION

In response to the increasing threat of terrorist attacks, large
investments were made into x-ray screening machines of the
newest generation in order to inspect passenger baggage at
airport security checkpoints. The last decision however is
always made by a human operator (screener). The most
expensive equipment is of little value if the screeners who
operate it are not selected and trained appropriately. They have
to be able to detect threat objects in passenger luggage within
few seconds of inspection time.

Object shapes that are not similar to ones stored in visual
memory are difficult to recognize ([1]; [2]; [3]). Detection of
forbidden objects in x-ray images of passenger baggage
depends on knowledge-based as well as on image based
factors [4]. An airport security screener has to know which
objects are prohibited and what they look like in an x-ray image.
Some objects look quite different in x-ray images than in reality,
for example an electric shock device. Other threat objects, like
improvised explosive devices (IEDs), are rarely seen, in every
day life as well as at the security checkpoint. Thus, it is not
surprising that computer-based training (CBT) is very important
to achieve and maintain a high detection performance, which is
of special importance for detecting IEDs ([5]; [6]). Furthermore,
threat objects can be depicted in an unfamiliar rotation in the
baggage which can have a big impact on the detection
performance. Based on research findings from object
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recognition ([2]) a large and representative image library of
prohibited items depicted from different viewpoints is necessary
to provide a good basis for training x-ray image interpretation
competency. In addition to knowledge based factors, also
image based factors play an important role. These can rather
be attributed to the visual abilities of a person, that is, to the
abilities to cope with image difficulty resulting from rotation of a
threat object, superposition by other objects in the bag, and bag
complexity ([4]; [7]; [8]; [9]; [10]).

A comparison of the detection performance of novice
screeners with the one of trained aviation security screeners in
an earlier study revealed a rather poor recognition of unfamiliar
object shapes (e.g. self-defence gas spray, electric shock
device etc.) in x-ray images for novices, whereas for trained
aviation security personnel a much higher recognition
performance was shown ([4]). [6] showed that adaptive CBT
can be very effective to increase the detection of improvised
explosive devices (IEDs) in x-ray images of passenger bags.
[11] reported a better performance after training for the
detection of knives in x-ray images.

II. METHOD AND PROCEDURE

The aim of this research project was to investigate to what
extent recurrent adaptive CBT using X-Ray Tutor increases x-
ray image interpretation competency. 97 airport security
screeners of a European airport participated in this study. At
the beginning of the project all airport security screeners
conducted the X-Ray Competency Assessment Test (X-Ray
CAT, [12]). Thereupon they received training for about 4
months, then conducted the X-Ray CAT a second time in the
middle of the project. This was followed by about 4 months of
training and a third test with X-Ray CAT at the end of the
project. The goal was that each screener conducts at least one
20 minute training session per week.

A. X-Ray Competency Assessment Test (X-Ray CAT)

The X-Ray CAT is a standardized, reliable and valid
instrument to measure x-ray image interpretation competency
as defined by the principles and requirements specified in [13].
It contains 256 x-ray images of passenger baggage (see Figure
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Fig. 1: Example of an x-ray image of a passenger bag. The
image on the right contains the prohibited item depicted
separately on the bottom right.

Half of the bags contain a threat item, the other 128 bags are
harmless. The threat items belong to the four categories guns,
knives, IEDs and other prohibited items as defined in ECAC
DOC 30. Each category is represented by 16 threat objects (8

visually similar pairs) and each object is depicted in the
baggage in an easy and a difficult view. Of the visually similar
pairs, only one item is used in training with X-Ray Tutor, while
the other item is not used during training. A recent study
showed that the performance improvements as a result of
training with X-Ray Tutor generalize to visually similar objects
not shown during training ([14]). While the easy view
corresponds to the most usual (canonical) view, in the difficult
view the threat object is rotated 85° either around the horizontal
or the vertical axis. At test, airport security screeners have to
decide for each bag whether it is OK (bag without threat item) or
NOT OK (bag containing a threat item). Each image is depicted
for a maximum of 15 seconds. Depending on how many
images an airport security screener can visually inspect during
20 minutes, the test lasts about 2-3 sessions of 20 minutes. For
more detailed information about the X-Ray CAT see [12] and
[14].

B. X-Ray Tutor

X-Ray Tutor is a scientifically based training program. It is
based on findings about how the human brain processes visual
information in order to recognise objects in different views, when
superimposed by other objects, and depending on bag
complexity ([3]). The training is individually adaptive, that is, it
automatically adapts to the performance of individual airport
security screeners.  X-Ray Tutor automatically combines
images of fictional threat items with x-ray images of passenger
bags. This is performed by an individually adaptive algorithm,
which takes into account the rotation of threat objects, the
superposition by other objects in the bag, and bag complexity
resulting from clutter and transparency of the objects in the
baggage. X-Ray Tutor 2.0 contains a large image library of
threat objects that are depicted in different standardized views.
Most of the objects can be depicted from up to 72 different
viewpoints, which allows training screeners to detect threat
objects independent of rotation. This image library was built in
close collaboration with experts of Zurich State Police, Airport
Division, and it is being extended continuously.

During training with X-Ray Tutor, x-ray images of bags are
depicted on the screen for 15 seconds (standard setting).
Screeners have to decide whether the bag is OK (i.e. it contains
no threat object) or whether it is NOT OK (i.e. it contains a
threat object). After each response, a feedback is provided
informing the screener whether his/her response was correct. If
the bag contained a threat object the user can view detailed
information and a real image of the threat object. For further
information on X-Ray Tutor see [3].

Ill. RESULTS AND DISCUSSION

In this study, the performance of screeners to detect threat
objects in the X-Ray CAT as well as the time needed for
detecting the threat objects (i.e. reaction time) has been
analyzed. An effect of training could imply an increase in
detection performance and/or a decrease in reaction time.
Furthermore, the effect of object viewpoint has been analyzed,
i.e. a possible difference in detection performance of threat
objects depending on the rotation with which they are depicted
in the image.



A. Detection Performance

Detection performance in the X-Ray CAT was analysed using
d’, a widely used measure of sensitivity based on signal
detection theory ([15]; [16]; [17]). The d’ measure takes into
account the hit rate as well as the false alarm rate. It can be
calculated by the following formula: d’ = z(H) — z(FA), whereas
H is the hit rate, FA the false alarm rate and z refers to the z-
transform.

The hit rate indicates how often a person correctly judges a
bag as being NOT OK proportionately to all bags containing a
threat object. The false alarm rate indicates how often a person
wrongly judges a bag as being NOT OK proportionately to all
bags containing no threat object. In this study, actual
performance values are not reported due to security reasons.
However, effect sizes are reported for all relevant analyses and
interpreted based on [18].

1) Effect of Training: Figure 2 shows the detection

performance and the standard deviation for the easy view of
the threat objects in each category for all three test
measurements. Guns were detected best in all three tests and
objects of the categories IEDs and “Other” were detected worst.
Substantial increases of detection performance were found,
which depended on the threat category. The largest training
effects were found for IEDs. Good performance was achieved
for IEDs after the two training blocks of 4 months each. The
aim was that all screeners conduct at least one 20 minute
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very high performance increases.

An analysis of variance (ANOVA) for repeated measures
using d’ scores for easy view with the within-participant factors
test date (first, second, third) and category (guns, knives, IEDs,
other) revealed large main effects of test date r]2 = .36, F(2,
192) = 53.82, p < .001, and category r]2 = .57, F(3, 288) =
128.54, p < .001, and a large two-way interaction of test date
and category n° = .15, F(6, 576) = 16.80, p < .001. These
results confirm that CBT with X-Ray Tutor result in large
performance increases of x-ray screeners, especially regarding
the detection of IEDs and other threat items.

2) Effect of Object Viewpoint: Figure 3 shows the results for
detection performance d’ and standard deviations when threat
objects were depicted from a difficult viewpoint. Figure 4
depicts the comparison between the detection performance for
objects in easy view and difficult view. It shows that detection of
threat objects is much easier in frontal (or canonical view) than
when depicted from a difficult viewpoint. Large training effects
have been found for difficult views (cf. knives) as well as for
objects that are rarely seen in every day life (IEDs and other
threat items). The reason for this large performance increase is
the fact that X-Ray Tutor contains a large threat image library in
which objects are depicted in many different viewpoints [3]. X-
Ray Tutor trains each screener individually to become able to
detect all types of threat objects even if they are shown from a
difficult viewpoint. This is the reason why such large training
effects were found for objects shown in difficult view.

O1sttest @2ndtest @3rdtest
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Fig. 2: Detection performance d’ and standard deviations
for easy views broken up by threat category and test date.
Note: For security reasons d’ scores are not indicated in the
figure.

training session per week, which was achieved on average.
Note that there are large differences between screeners as can
be seen by the large standard deviations (thin lines in Figure 2).
Some screeners achieved very good performance for all types
of threat objects after the two training phases. This is mainly
due to differences in the amount of training. While some
screeners did only a few trainings over several months, other
screeners did several training sessions per week and achieved

1 The standard deviation represents the range of dispersion
around the mean of the data and indicates the range of
individual differences between the tested airport security
screeners.
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Fig. 3: Detection performance d’ and standard deviations for
difficult views broken up by threat category and test date.
Note: For security reasons d’ scores are not indicated in the
figure.

An analysis of variance (ANOVA) for repeated measures
using d’ scores for difficult view with the within-participant factors
test date (first, second, third) and category (guns, knives, IEDs,
other) revealed a large main effect of test date n2 = 46, F(2,
192) = 82.22, p < .001, a large main effect of category n* = 68,
F(3, 288) = 200.32, p < .001, and a large two-way interaction of
test date and category n2 = .15, F(6, 576) = 16.94, p < .001.
These results provide further evidence for the effectiveness of
recurrent CBT with X-Ray Tutor, which results in large
performance increases for detecting threat items in x-ray
images.

An additional analysis of variance (ANOVA) for repeated
measures using d’ scores for both views (easy and difficult) with
the within-participant factors test date (first, second, third), view
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Fig. 4: Detection performance d’ and standard deviations broken up by threat category, view (easy vs. difficult), and test date.
Note: For security reasons d’ scores are not indicated in the figure.

(easy vs. difficult), and category (guns, knives, IEDs, other) was
conducted to examine the effect of viewpoint on the detection
performance of screeners. There was a large main effect of test
date n? = 43, F(2, 192) = 73.23, p < .001, a large main effect of
view (easy vs. difficult) n? = .89, F(1 96) = 804.15, p <.001, and
a large main effect of category r] = .66, F(3, 288) = 182.39, p <
.001. The following interactions were significant as well with
large effects for the two-way interactions between test date and
category r] .19, F(6, 576) = 22.34, p < .001, and between
viewpoint and category r] = .56, F(3, 288) = 120.00, p < .001.
There was also a medium effect for the three-way interaction of
test date, view and category, n° = .08, F(6, 576) = 7.87, p <
.001.

These results show that recurrent CBT with X-Ray Tutor is
very effective to train screeners to detect threat objects even if
they are depicted from an unusual viewpoint.

B. Reaction Times

For each response, reaction time (RT) was measured, i.e. the
time between x-ray image onset and the time a response was
provided by the screener (OK or NOT OK button). Figure 5
shows the RTs of all hits (correctly judged images as NOT OK)
of all three test dates broken up by threat category. RTs
decreased as a result of training, especially from the first to the
second test. However, there were also large differences
between individual airport security screeners (cf. large standard
deviations), possibly due to differences in amount of training.
Other RT data (misses, correct rejections and false alarms) are
not discussed here but can be provided upon request.

An analysis of variance (ANOVA) for repeated measures
using RTs with the within-participant factors test date (first,
second, third) and category (guns knlves IEDs, other) revealed
a large main effect of test date n’ 47 F(2, 192) = 85.01, p <
.001, a large main effect of categoryn = .44, F(3, 288) = 76.42,

p < .001, and a large two-way interaction of test date and
categoryn = .16, F(6, 576) = 18.79, p < .001.
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Fig. 5: Reaction times and standard deviations of hits
(correctly answered as NOT OK) broken up by threat
category and test date.

Guns

IV. SUMMARY AND CONCLUSIONS

This study has shown substantial increases of airport security
screeners’ x-ray image interpretation competency as a result of
recurrent adaptive CBT using X-Ray Tutor. The largest
increase was found for the detection of IEDs. After two training
phases of 4 months each, detection was almost as good as
detection of guns. There were also large effects of viewpoint.
Objects shown from a difficult rotation are more difficult to
recognize (especially knives) than when depicted from a non-
rotated canonical view. However, the effect of viewpoint can be



compensated by training. At the third test, the difficult views
were recognized much better than before training started (first
test). There were also large differences between screeners.
While some screeners did only a few trainings per month, others
did several training sessions per week and achieved very large
performance increases. A large effect of training was also
found in the reaction times. Screeners could reduce the time
needed to detect a threat object significantly. More detailed
analyses showed that the increase in the detection performance
was mainly due to an increase in the hit rate (as opposed to a
decrease in the false alarm rate), which means, that a speed-
accuracy trade off can be ruled out here.

It is not surprising that before training, d’ scores for IEDs and
also for other threat categories were substantially smaller than
for guns. The IEDs used in this study are quite sophisticated
threat objects using components that are often not known to
screeners without enhanced training in IED detection. For other
threat items probably this knowledge based factor comes into
play as well. Screeners first have to learn which objects are
prohibited and what they look like in x-ray images. If an
effective CBT is used for recurrent training, a large increase in
detection performance can be achieved (see also [3]). This
shows that the detection of IEDs and other threat items it not
difficult per se, but rather depending on the training of
screeners.

A recent study by [14] showed that training not only has an
effect on the detection of trained object views — which then are
available in visual memory — but also generalizes to similar
looking but untrained views of other objects. This transfer effect
was revealed for all threat categories, i.e. for guns, IEDs and
other threat items. For knives no transfer effect was found.
This could be due to the shape of the knives. On one hand,
knives show less diagnostic features which play an important
role in object recognition compared to objects from other
categories. These few diagnostic features might also get lost
when a knife is rotated. On the other hand, the visual similarity
of knives to harmless everyday objects (e.g., pen) is substantial.
These factors could impede detectability and trainability of
knives and ultimately might have resulted in rather small training
and transfer effects for knives. They might also be an
explanation for the fact that for knives there is the largest
viewpoint effect compared to objects from other categories (see
Figure 4). While objects of other threat categories in a rotated
view usually still show many diagnostic features and also, due to
their larger surface, more information in general, for knives
much information might be lost with a high rotation angle.
Therefore, the detection and the discrimination of knives and
harmless objects is hindered. However, rather than being a
category generalisation of the gained knowledge, the transfer
effect could also have resulted because of a large similarity of
the object pairs. This would imply a specific-token familiarity to
be the reason for the transfer as [19] suggest. If a specific-
token familiarity would apply to the recognition of objects then
learned knowledge about an object could not be transferred to
an object of the same category but only to objects with the same
specific tokens. For a more detailed discussion of this issue see
[14] and [19].

Overall, these results are fully consistent with earlier results
([3]; [5]; [6]; [20]) and show that adaptive CBT such as X-Ray
Tutor can be a powerful tool to increase efficiency in x-ray
image interpretation by airport security screeners.
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